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THE GEOLOGICAL SURVEY OF INDIA

Part I.] 1894. [February.

annual repokt of the geological survey of india and of

. the Geological Museum, Calcuita, for the year 1893.

1. During the year, connected surveying was carried out in Baluchistan by

Mr. Griesbach, assisted for a short time near the end of the field season by Mr.

VV. B. t d wards. Mr. LaTouche was occupied for the full season at the Bhaganwalla

coal-field in the Salt Runge, Punjab. In llazira, IV' ■. Middlemiss, accompanied

by Sub-Assistant Hira Lai, completed the survey in that part of the Punjab. Mr.

Bose and Mr. Datta were engaged in Tenassarim on coal exploration ; while Dr.

Noetling, more directly in communication with the Local Government, was engaged

on sever d enquiries in Upper Burma. Dr. Noetling was also engaged, just towards

Lie end of the year, in reporting on the condition of the Dandot and Warora Collieries

(in the Punjab and the Central Provinces) in view of a rather la' ^e percentage of

accidents ; a deputation which was of immediate necessity, the awaited Inspector of

Mines not having at the time arrived in India. Mr. F. H. Smith and Sub-Assistant

Kishen Singh were at work in the Rewa State, where surveying was done in connec

tion with the mineral exploitation left by Mr. Hughes in the hands of the State Mining

Assistant, Mr. Sewell. In the Madr ,s Presidency, field petrology and mineral survey

«ere carried out by Mr. Holland at such times as he could be spared from the

Laboratory and Museum at Calcutta, and his Professorial work at the Presidency

College Mr. O dham remained at head-quarters for the greater part of the year,

engaged on the prepnation of the now edition of the Manual of the Geology of India

which was published in August. He was, however, able to pay a short visit to Burma

in March when he enquired into and reported on the prospects of an artesian water-

supply for Rangoon ; and also inspected the oil region of Yenangyoung and that

neighbourhood regarding an apparent tendency to a cecrease in the well supplies;

which was happily not confirmed. I myself was op tour in March and April at

Sukkur and Karachi in connection with the proposed experimental oil-boring at the

former place, and at the Salt Range coal-fields: in April and May, I had an oppor

tunity of conferring with the Financial Commissioner at Rangoon on the gold enquiry

in the Kathd district and- inspected the coal exploitation on the Tenassarim river;

and afier return to Calcutta proceeded to Warora Colliery in the Central Provinces

to advise the Manager on some deep borings which were being carried out in a new

part of the field. In September and October, I visited parts of Madras, examining
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certain areas of hypersthenic igneous rocks, lately brought to notice by Mr. Holland ;

and arranged with the Government for a more connected mineral survey of the

Salem district: and at the end of the year a further visit was made to Burma to

examine the conditions of the Katha gold occuirences, and the capabilities of the

Tingadaw coal-field.

2. The operations of the Survey have thus been mainly confined to extra-

Peninsular India ; that is. in the Punjab, the North- West Frontier, and IHirma; while

a small, though at the same time very important, advance has been made in

Peninsular geology.

EXTRA-PENINSULAR GEOLOGY.

3. Baluchistan.—Tertiary and Cretaceous.—A large tract of country in the

Harnai valley has been added on to that already surveyed end reported on by

Mr. R. D. Oldham in 1892, in his Geology of Thai Chotiali and pirt of the Mari

country ; and Mr. Griesbach has given a portion of the results of this later work in

his paper on the Geology of the country between the Chuppar Rift and ffamai.

We have thus a completely mapped and reported record of the area extending from

the neighbourhood of Sibi to Mingi, along the line of theSind-Pishin Railway. His

survey, however, covered a far larger area than this, as it extended on to and

around Quetta, dealing especially with the completer examination of the coal out

crops in the latter region ; and over the Koj ik-Zhob line of country, where he came

across a very interesting zone of volcanic instrusions among the lower eocene

rocks.

4. Mr. Griesbach was the first member of the Survey who entered on the

Bolan-Quetta ground so far back as 18S0, though then only by traverse work

alongside of the miliary occupation of the country, so that his interpretations,

which sometimes extended on either side well beyond his line of march, were

necessarily sketchy and fo far open to a certain amount of criticism by his then

senior officer, Mr. VV. T. Blanford, who, armed already with his wide experience

of the Sind cretaceo-tertiaries, followed pretty much on the same track to Quet a

and out again by the Harnai route in 1881-82. Blanford's march was also

a traverse, and he was harassed by illness over the latter part of his journey.

The subsequently settled and rai'way-opencd-up condition of the country eventually

permitted of a more detailed survey being made, though this was interrupted at

times by excursions after coal and oil ; and Mr. Oldham was deputed for the work

the results of which he gave in the report referred to above, the principal

one being that there is an absence of definite break between the eocene and creta

ceous formations; that there is, in fact, considerable indication of a series of

passage beds. With the evidence of his two colleagues before him, the later

observer is therefore fortunate in having the opportunity of settling the geology of this

interesting region—interesting not only in its structural relations, but as being a

connecting area between the Europe-Persia tract and the Indian extension of the

ancient Mediterranean area of cretaceo-tcrtiary life and deposition. The question

of the relations between our Indian tcrtiuries and the cretaceous formation is

indeed of the greatest interest to geological science, because, whereas in England

and Western Europe the distinction between the two is absolute stratigraphically

and pala?ontologicallv, the evidences in Eastern Europe and thence eastward are
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much less pronounced in that connection. In Peninsular India, it has long been

known that the y?wf/-cretaceous facies of certain fossiliferous beds associated with

the Deccan Trap Series, as well as other characteristics, point very decidedly to a

period of passage life and volcanic activity ; and our later progress in the Punjab

and in Baluchistan appears to be more and more confirmatory of (his.

5. So far, however, Mr. Griesbach is not able, on the stratigraphical and fossi'

evidence obtained by him, to follow Mr. Oldham, in his exposition of a passage

series characterised by an anomalous fauna, in the Harnai valley, preferring to

consider that Mr. Oldham's " Dungan Beds" are really of lower eocene age ; an

examination of the fossils (Criocrras, Baculiles and Ammonitts, with an abundance

of Nummulitis) by Dr. Ncetling showing rocks yielding them to be of true

cretaceous —rather lower than uppc~-age, with Orbitoliles ; no nummulile being

recognizable in the collection sent down to Calcutta. The question, therefore, still

remains an open one for Mr. Gr'.esbach to work out during his further progress on

the Baluchistan survey: although the balance of evidence, outside of this fossil

case, as di*p'ayed generally over the Hirnai-Thal Chotiali tract and in the Western

Punjab hills, issiill considerably in favor of a passage series. Indeed, only lately, in

December, a note his come in from Dr. Ncetling, who has been engaged on a

mining inspeciion of the Dandot colliery in the S.'.lt Range, wherein he mentions

that on examining the coal shale basin underlying the nummulitic limestone,

he had found the fossils having a decide 1 tertiary facies, but that there were

among them o.'^ers with an upper Senonian (White Chalk) aspect ; so that here

again is a further item in the evidence for a passage series A presumed correla

tion of the dark shales of the Kojak range with the Simla slates (atliibuted to

carboniferous age by Mr. Oldham) has been corrected so far by Griesbach's finding

within ihem a true nummulitic bed, thus adding confirmatory evidence to his original

view of the teitiary a:e of the Kojak series

6. Punjab: Salt Range.—The nature of Mr LaTouche's duties in connection

with the boring exploit: lion in the Bhaganwalla coal-field prevented his devoting

much time and atlention to geology except in the immediate vicinity of his work ;

he was therefore unable to ad 1 much to the discussions of the numerous interest

ing pioble ns which have arisen since the time of Mr. Wynne's splendid work in

that area

7. Paleozoic.—The stnnge occurrence of the comparatively soft series of the

Salt-marl group, generally underlie ith a very thick and massive series of older

palaeozoic age ; and again in appirent natural position under yet newer formations

has, within the last few years, ar ,used under Mr. Middlemiss' and my own study,

much discussion not only as to its position but as to its origin. This series is,

however, only very slightly exposed in the gorge at Bhaganwalla, and its relations

with the overlying purple sands;one are only clearly seen at one po:nt, on the

right bank of the stream immediately above the village. Mr. LaTouche observed

that the appearance of injection into the overlying sandstones is certainly notice

able, but it does not seem impossible that this appearance may have been caused

by a squeezing out of the soft marl along the line of a fold.

8. Cambrian.—The " Silurian shales " of Wynne, which, however, ultimately

yielded remains of trilobites at Khusak, thus determining their Cambrian age, are

exposed on the right bank of ihe more wester'y of the two streams which issue
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from the range at Bhaganwalla, and Mr. LaTouche was fortunate enough to

discover specimens of trilobites in an identically similar position to that in which

they occur at Khusak, viz., in a band of dark shale, a few feet he ow the base

of the Magnesian Sandstone. The specimens were in the same state of preserva

tion as at Khusak, only heads being found ; and no additional species were

discovered. They occurred here in only this single zone, the lower " galleries "

of Khusak being apparently unrepresented.

9. Permo-carhonifcmus.—The " Boulder Bed," so conspicuous in the middle

portion of the southern escarpment of the Salt Range, is not well-developed near

Bhaganwalla ; occurring only in lenticular patches, never mere than a few feet

in thickness, between the white sandstones at the base of the coal-bearing group

(tertiary) and the " Salt Pseudomorph " zone of Triassic age. No unconformity could

be detected between it and the beds above and below ; indeed it appears to pass up

into the white sandstones, the base of which sometimes contains strings and thin

beds of pebbles and small boulders, similar to those in the boulder bed proper.

10. Cretaceous-eocene.—In describing the existence of fossil resin in the coal,

which is considered so far to be of tertiary age, Mr. LaTouche recalls the fact

that in Assam, where ccal seams occur in beds of both cretaceous and nummulilic

age, an exactly similar fossil lesin is found, but only in the coal of cretaceous age,

which it serves to distinguish from the newer nummulitic coal. If, as seems likely,

this resinous substance points to some peculiarity in the vegetation from which the

coal was formed, its occurrence in beds of different ages in the two areas would

seem to indicate either that the coal-producing \egelation of cretaceous age in

Assam persisted to nummulitic times in the Punjab, while it was replaced by a

different vegetation in the former province, or that the nummulitic coal of the

Punjab is really homotaxial with the cretaceous coal of Assam — a supposition

which its position, at the base of the nummulitic limestone instead of overlying

it as the nummulitic coal of Assam does), and the absence of any bieak in deposi

tion between the beds of the two ages in both areas, renders not unlikely.

11. Upper Tertiary.—Regarding the questions of the relations of the Num-

mulitics to the Nahans, no signs were observed of unconformity. The transi

tion is always abrupt, and pebble beds are of frequent occurrence at and near the

base of the sandstones, but the rolled pebbles are always of crystalline rocks, and

do not include any from the underlying limestone. Nodules of the latter are of occa

sional occurrence in the lowermost beds of the Nahans, but, so far as was seen, they

are not rolled, and do not form anything like a pebble bed. Their occurrence,

however, imbedded in the sandstones, shows that before vhe deposition of the

latter, the limestone had assumed its present highly nodular structure and therefore

would appear to indicate the lapse of a considerable period of time between the

lajing down of the two formations.

12. Hazara.—The cold weather of 1893 brought to a close Mr. Middlemiss' three

seasons' work in Hazara. During that time the chief objects of the re-rurvey

were to fill in the gaps in the maps left unfinished by Mr. Wynne, dated 1877-79,

and to link together the scattered information on the subject to be found in the

Records and Memoirs of the Geological Survey, by supplying an organised account

of the whole district. These objects have in the main been attained, and as on

nearly all important points the work harmonizes with that of Dr. Waagen and
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Mr. Wynne, their classification of the historical rocks has been adopted. The

following is a list of the Geological formations represented in Hazara, in descend

ing order :—

(1) Alluvium and Recent gravels.

(2) Murree beds, Miocene.

(3) Kuldana beds (= passage beds).

(4) Nummulitic, Eocene.

IS) Middle Cretaceous.

(6) Jurassic.

(7) Triassic.

(8) Infra-Trias.

(9) Slate Series.

13. In the northern parts of Hazara certain rocks are invaded by lenticular

beds of gneissose-granite, the result being a complex of crystalline and metamorphic

rocks, which occupy large areas among the secluded mountains and glens of

Agror, Khagan and the Black Mountain. One of the points to which Mr.

Middlemiss' attention was chiefly directed was to settle if possible how many of the

formations enumerated above had been affected by metamorphism during this

irruptive period. The results show that the Infra-Trias and the Slate Series have

been so affected to the exclusion of the rest. The various stages of metamorphism

and the complicated mode of intrusion of the gneissose-granite offer many points

of great interest which will be fully described in the forthcoming memoir on

Hazara. The identity of character of these rocks with those of a great part of the

Himalayan range is important as implying a unity of age and structure.

14. As regards the distribution of the formations over the surface of the

country, there is a natural scheme into which they fall, viz., a set of zones or

elongated strike areas, each of which is characterised by the prevalence at the

surface of a particular formation. There are many other peculiarities defining

these zones which will be given in detail in the memoir, but one particularly

striking feature is that each of these zones is divided from its neighbour-zone by a

long fold-fault extending generally the whole breadth of Hazara. The following is

a list of the zones from N.W. to S.E :—

I. — Younger Tertiary Zone.

II.—Nummulitic Zone.

III.—Slate Zone.

IV.—Crystalline and Metamorphic.

As to what these formation-zones, which are also disturbance-zones, means ; it is

believed that they have important bearings on the history and development of the

great mountain ranges, portions of which lie within the boundaries of Hazara.

1 5. The district has not yielded any fine collections of fossils comparable to

those of the Salt Range or the Central Himalaya, but from the cretaceous band a

good number of forms have been gathered which without much difficulty can be

matched by those from the cretaceous of Southern India at about the horizon of the

Utatur group. The geological mapping of the area has been done on the sheets

of the Revenue Survey (1 inch=i mile), and a map is being prepared for publica

tion on half the above scale. Horizontal sections will accompany the map, and

panoramic views of the country, drawn with the camera lucida, and colored

geologically, will be added, so as to present the rock structure and physical

features of the country together at a glance.
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16. Lower Burma.—Palceozoic and Tertiary.—While engaged at the exploitation

for coal on the Great Tenassarim river, Messrs. Bose and Datta had necessarily to

devote a considerable part of their time to working out the geology of that part of

Tenassarim ; and mainly because the mineral itself appeared to be of different quality

in separate places, while it is at the same time associated with two different series

of rocks. As a matter of fact, the coal is of two ages, the older but poorer coal

being of carboniferous age, while the latter of the two is of tertiary age. In this

enquiry, we have now obtained a fairly connected knowledge of the geology of

Tenassarim from Victoria Point, the southern limit of the country, up to the

parallel of Mergui.

17. Dr. Oldham's original conclusion as to the carboniferous age has been

further established through Mr. Bose's find of a series of true carboniferous fossils

in one of the strangely picturesque and cavernous isolated ridges of limestone so

frequently met with in Moulmein, Tavoy, and Mergui ; though until now, never in

such close association with the strata carrying the poorer coal referred to above,

He was also able to determine the much later (tertiary) age of the series

(Tendaw) containing the proper workable coal ; this particular development of

which forms a shallow synclinal basin lying along the bottom of the main river

valley, which has been excavated in one of the great anticlinal folds into which

the palaeozoic series of Tenassarim has been thrown, and which extends—marked

by bands of cavernous limestotne—with a fairly north and south strike through the

districts of Tavoy and Amherst and thence northwards into Upper Burma.

18. Upper Burma.—Palceozoic and Tertiary.—The same carboniferous series

was met with by Dr. Noetling far to the north in Mogaung and Bhamaw, whence he

has been able to connect it past Mandalay, Yamethin, Toungoo, and Shwegyin,

with the cavernous limestones of Moulmein, which country he was able to visit early

in the season. He also examined the Moulmein caves for remains of bone-bearing

gravels, traces of which he had already found in the Irrawaddi valley, but so far

without success. His work during the season was however principally in connection

with the oil and mineral developments of the country, particularly around Wuntho in

the Katha district, which he examined for gold, lead and coal. This is a large area

of about 2,000 square miles in extent and mainly covered with jungle, so nothing but

traverse observations could be made and the general position and lie of the rocks

ascertained. The formations met with were palaeozoic limestones (already men

tioned as extending northwards in this district) on the extreme east of the present

area ; lower and upper mesozoics, and the alluvium in a wide bay on which lies

the town of Wuntho, and in the Mu river valley. The latter valley is bordered on its

eastern side by north-norlh-east—south-south-west striking belts of two miocene

groups, in the lower of which good coal seams are found in blue shales. They

resemble so closely the coal measures in the Chindwin district that there can be

little doubt as to their being of the same geological period. Several small out

liers of the same series, though without indications of coal, are scattered over the

Wuntho alluvial plain, and a wider and fuller development constitutes the low hill

ract to the eastward. The middle region— that is, the lofty hilly tract of Mankaw

(3,91 1 ft.)—is made up of a wide expanse of schists and trappoid rocks in which are

requent traces of poorly auriferous occurrences in the diorites themselves, and in

some of the quartz veins distributed through this series, the age of which has not

yet been ascertaine d with any degree of certainty.
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Peninsular Geology.

19. Madras.— Crystalline Scries.—As was the case last year, investigation of

the crystalline series has only been carried out as opportunity offered when Mr.

Holland could be freed from his proper duties. In this way, he was able to pay visits

during the months of May and June, and again in part of September and October,

during the first of which he was at last able to carry his experiences of Salem

into the Coimbatore and Nilgiri districts. The Nilgiria had been surveyed so far

back as 1857, at which time the study of the metamorphic crystalline rocks

was still, owing to their presenting a certain laminated and even, in cases,

a decidedly bedded structure, biassed with a tendency to consider them as a highly

altered form of sedimentary deposits ; while investigation as to their composition and

the aggregation or mode of occurrence of their mineral constituents was as yet only

open to but an initial stage of the splendid microscopical research which has since

developed into the specialized science of petrology. Thus, though somewhat agaimt

the views of the then Director (Dr. Oldham) of the Survey, these mountains, and later

on, the Shevaroys and other hill masses in the Salem district, were finally considered

to be made up of very highly altered massive gneisses of original sedimentary accu

mulation.

20. Step by step, however, new points of evidence have been brought together

confirming Mr. Holland's original conclusion, referred to in my last annual report,

that whatever may have been the origin of the materials now forming the principal

part of the greater mountain masses of Southern India, their mineral composition

and microscopic structures which are so strikingly the same in widely separated and

apparently isolated localities can only be the result of having been formed under

conditions identical with those ordinarily regarded as belonging to igneous rocks.

Rocks, indistinguishable in hand-specimens, occur at St. Thomas' Mount, in the

hills near Pallavaram railway station, at Mailam, on the Shevaroy hills, the Nilgiris,

the Pulnis,-the Anaimalais and the Western Ghats which, in each district, contribute

a complete pyroxenic series ranging from acid granites to very basic pyroxenites.

21. The occurrence of these rocks in India will doubtless yield suggestive evi

dence towards the solution of some of the larger questions which have of recent years

occupied the attention of workers in the so-called archajan gneisses and schists with

which in other pans of the world similar rocks have heentound always associated;

as in the cases of the trap-granulitis of Waldviertel in Saxony, in the Hebridean

gneissic system of Sutherlandshire and Aberdeen in Scotland; the noiites of

the "Cortlandt Series" and the gabbros of Baltimore in America. With re

gard to the Cortlandt Series of the latter country, the microscopic characters

of which were described by Professor G. H. Williams, in a series of well-known

papers published in 1886-87 ; almost every type described by that author has been

matched in our recent survey by specimens from the Madras Presidency ; in addi

tion to which I may also announce the discovery of a distinctly acid pyroxene-

bearing rock, which seems to be a type of igneous rock hitherto undescribed,

the pyroxene being generally of the rhombic type, and approaching proto-hyper-

sthene in composition. From this fact and because the rock, both in hand speci

mens and in field characters, presents an unmistakable individuality ; Mr. Holland

feels justified in describing it under the new name Charnockilc, one of the first spe

cimens of the rock (which is largely used for stiuctural and ornamental purposes)
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brought to Calcutta and the first examined under the microscope, being a splinter

from the tombstone of Job Charnock (1693).

22. To complete the parallel with the American recks : spinelloid hercynile, a

constant associate of corundum, has been found among the other rather rare minerals

in the Madras pyroxene series ; and it is thus possible that the obscurity in which

the origin of corundum still lies may be dissipated by the researches now being pur

sued in the field and laboratory.

23. That the penological variety for which the Norwegian and Ural rocks have

long been famed may be paralleled in India, as pointed out by Mr. Holland last year

when announcing his discovery in India of the rare mineral riebechte, appears to

be well sustained by the evidence afforded by these rocks ; yet we have even

a later determination of what was supposed (by the sender) to be a piece of iron ore

found in Bengal, as the rare mineral columbite, one of the characteristic niobatesand

tantalates of Scandinavia and the Urals. In this connection, too, is the very interest

ing discovery by an independent observer (Dr. J. VV. Evans, State Geologist of

Jonagadh in Kattiwar) of the remarkable rock, elceolite-syenite, known more

especially from its occurrence in South Norway ; where, as in India, it is associated

also with angite-syenite.

ECONOMIC SURVEY.

24. Coal investigation has gone on in Baluchistan, the Salt Range in the Pun-

Jab, and in Tenassarim : while coal, oil, gold, and lead ores have been explored in

Upper Burma. Lead enquiry has been carried out to some extent in Rewa; and the

extended occurrence of corundum and the iron ores has received a certain amount

of attention in the Madras Presidency.

25. The coal enquiry in Baluchistan had reference to the coal outcrops near

Quetta Coal Quetta, or more strictly speaking in the high valleys of Les

and As Tangi to the eastward of that town, which have been

under desullory working by native contractors, but which it was hoped might

on closer survey be found worth working in a more systematic way. The detailed

survey, was undertaken by Mr. Assistant Superintendent Edwards under the orders

of Mr. Griesbach, but the survey was not completed owing to the illness of the

former officer which culminated in a seve-e attack of typhoid fever. The survey was

again resumed by Mr. F. H. Smith in October last. In the meantime, Mr. Gries

bach completed the survey on the Khost side of the country when he was able to

., . „ , offer a much more sanguine opinion as to the future of the
Harnai Coal. 0 \ .

coal in that direction, and he has given details of the various

sections exposed in the Harnai valley in his report of the country between the

Chuppar Rift and Harnai which was published in the last part of the Records of

the Survey, and from which I take his concluding remarks :—

" It only remains to add a few words on the economic value of the area. This, of course,

consists in the large amount of coal which is available in the more or less constant horizon of

the middle nummulitic subdivision. Most of the outcrops have either been worked or are

su ficiently tes ed to prove the usefulness of the coal as regards quality and the limited thick

ness of the seams, and it is certain that even after the complete exhaustion of the Khdst

collieries there will be a very large amount of coal left in other sections of the field. I will not

enter here into the composition of the coal ; this has been done already by other observers.

Mr. Jones has also attempted to compute the quantity of coal available, but he has certainly
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much under-estimated the latter. The fact is, no estimate, even approximately correct, can

possibly be arrived at, which would be of the least practical use. The whole basin of the

'trough,' including the entire hill-range which bounds it along the southern rim, with

probably a large area south of it, is part of the field and contains seams of coal. If only

the Khdst seams are taken a< examples and the amount of coal calcu'ated on t'.ie thick

ness of these seams and th? area of the basin, no doubt a fairly accurate idea of the

amount of coal pteient in these strata would result ; but that is not the c mount actually

available. The greater portion of the brsin is broken up by faults, folds, and some o it

has been carried away by denudation, so that only a small proportion of the tctal coal is

available for mining purposes, and of these portions the exact limits are not know. . In

the above paper 1 have given a description of the distribution of the seams, and also indi

cated in outline* which I consider the mut promising localities for opening works, after

Kh6st is exhausted or nearing that stage.

"An onj>st the best of these localities is the cliff 3i miles south-enst of Sh^hrag Station,

with the area immediately adjoining it. This w'nl undoubtedly offer a= good chances as

did the Kh6st workings, and the locality is near enough to the line of raihv„y to be wo-ked

cheaply. Next to ShahrSg in importance, I consider the cliff between Pungi Ghdt and

Harnai; there the seams are good, but the ou crops are too low Hewn the hill-side to

allow the same process of mining to be adopted as at Kh6st and Shahr.* j. The wo-kings

would be soon below the level of the ground-water, and therelore pumping would have

to be resorted to, which would increase the cost of the output considerably.

"Still more difficult to work, on account of the underground water, would be mines

established on the Ptinga Ghat, or north of the river near Ali Khan, were it decided to bore

in these localities for coal, which must probably would be met with not far be'ow the pre

sent surface."

26. The coal enquiry at Bhaganwalla in the Salt Range was instituted on

„ , _ _ , account of a propos?! by the Noith-Weslern Railway ad-
Salt Ranze Coal. . . . , , „, ,, , , ,

ministration to work the Bhaganwalla area, the supply from

the Dandot colliery to the westward being inadequate to meet the demand.

Mr. Luckstedt, the Executive Engineer in charge of the coal operations, having made

a report on what he considered to be the probable available amount of coal

tinder the Ara plateau and in the eastward end of the Salt Range, which certainly

appeared to me to be 0ver-exagoerated ; it was decided to test this by borings and

detailed survey, for which duty Mr. LaTouche was deputed from the Survey. A

detailed plane-table survey on a scale of 6 inches to the mile was made by Mr. Ed

wards ; and, although the large area of the Ara plateau must be left out of consider

ation, as all the evidence goes to show that no continuous seam of coal can be expect

ed to lie under it, it was found that at the eastern end of the range, where the coal

suddenly becomes high-dipping, there is probably an available output of over a

million tons, provided working can be carried on to a sufficient depth along the dip.

Mr. LaTouche's report is given in full in the current part of the Records.

27. In Tenassarim, it was decided to test the Tendaw-Kamapying coal-fields,

„ , _ , cn the Great Tenassarim river, by a series of borings and
Tenasserim Coal. . ,. , . , , ' _ . f »,

pits, which were carried out by Mr. Bose assisted by Mr.

Datta. The old interest in this field was revived by Mr. Hughes during his ex

ploitation of the Tenassarim tin areas, a preliminary report having been

published by him in the Records for 1892. Mr. Bose's report confirms the estimate

0 Mr. Hughes as regards the presumable quantity of available coal under not difficult

working, viz., about a million tons ; and this is what may be called a safe estimate.

Extended and somewhat more troublesome mining would probably disclose a larger

amount of coal. Mr. Hughes relied on this further exploration as likely to show
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some extension of the coal-field considerably further southwards down this long reach

of the Tenassarim river, but th;s has not been proved ; indeed, the evidence obtained

is decidedly against it. From my own inspection of this river's wonderfully zig-zag

course through the frequently high-ridged tract of country between Merguiand the

coal valley, I should say that there is little chance of finding an easily workable road

or tram-track between the coal and the seabo.ird, while a route partly by land and

pirtly by river would only involve a ruinous break of bulk in carriage of the fuel.

Getting the coal to the coast solely by the river route seems inevitable ; and this can

only be done by barges and stern-wheel steamers of the shallowest draught.

28. In Upper Burma, Dr. Noeiling reported on the occurrence of coal in the

Pinlebu subdivision, Katha' district ; on the lead-mines
hatha gold tract. . , , ,. . . , .,

in the same subdivison ; and on the auriferous tracts in

Wuntho. With regard to the latter, he found on arriving at the place that very little

was known as to the actual situation of the localities where gold was said to have

been extracted from the ground by the natives. The chief importance of the meagre

information that could be obtained consisted in the fact that everything tended to

prove that the gold was not extracted from the alluvial formation, but that there

actually existed veritable " reefs." But nothing could be ascertained as to their

whereabouts, the natives apparently being very reluctant to give any information.

The only information supplied was that Mr. Bidoulac had applied for, and been

granted, a concession of ^ square mile of land supposed to be go'.d-producing, near

a village called Kokkotta, north of Wuntho. At least seven different localities were

ultimately discovered where the natives used to dig for gold. However, the exami

nation of the places was sufficient to form an opinicn as to the occurrence of gold,

so far as this could be done without extensive digging. Just at the end of the year,

however, I have myself had an opponunity of inspecting this region, which is one

of a schistose series, which may answer to our Dharwar series of Peninsular India.

It is very extensively t'aversed by a complex of basic igneous rocks, and in certain

belts, particularly where the schists are very talcose, there is a decided development

of quartz infiltrations in the form of generally small reefs, ledges, and strings which

are more or less auriferous. The whole area, covered as it is by fairly thick and

lofty forest and subject to a moderately moist climate, is wonderfully decomposed

as to its rocks, which are now, for considerable depths, little else but red and brown

ferruginous, sometimes l.iteritic, clays, which however still sho.v their original bed

ded or laminated structure in the deeper gullies and in some of the artificial excava

tions ; and in this decomposed rock, or scattered over its slopes, may be seen the out

crops of strings and ledges, or the debris of these. As a consequeuce, there are

several localities which have been extensively and cleverly washed for gold by the

natives—more steadily in old times because tribute was then forcibly demanded in

gold in this part of the country ; but much less often now. I did not see, or hear the

least evidence of, any quartz having been pounded up for gold-washing; the old

washers simply sluiced the weathered rock in a primitive but effective fashion and

then washed out the coarse gold. The present people think nothing of the fine gold

which is obtainable more or less from almost every hand lump of the pyritous quartz

debris when pounded in a mortar. The present development, of nearly eight

months' standing, is as yet scarcely beyond the initial stage; no very decided well-

defined or continuous reef having been met with, though there are outcrops of
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biggish ledges the quartz of which is, however, not so rich as in the smaller strings.

The poor show of quartz occurrences now reported may indeed be more frequent

in thickness as they are followed in depth, or ihey may not : there is no evidence in

either one or the other direction.

29. For the Pinlebu coal, which occurs exclusively in the low hills skirting

I the western side of the Maingthong hill tract; the summary
ln 1 11 °a ' of Dr. Noetling's report is, that there is cnly a small number

of seams, which are generally of very inferior quality, consisting chiefly of shaly

coal : only in two cases is it probable that the thickness of workable coal comes

up to five feet. Al'.hough the coal is cf good quality, it may safely be said that the

quantity is insufficient. Even if there were a considerable quantity of coal available,

it is doubtful whether the distance of a! least 3? miles from the nearest railway station

would not prevent a successful exploitation, the cost of transport being too high.

Under these circumstances, the coal seams in the Pinlebu subdivision may be

considered as relatively of little value, except for local use.

30. The lead-mines in the Pinlebu subdivision occur at two localities where

the Shan settlers in the Maingthong hill tract have been extracting lead-ore for a

considerable time past,—viz., (a) Kaydwin, and (6) Mawkwin. At the formerplace

several large and deep holes may be seen which have been driven from the river

bank into the hill-side ; work has, however, been stopped

Pinlebu Lead. jor some tjme> go far as can be noticed, the ore occurs

in the cracks of a dyke of an igneous rock belonging to the aphanite group, of

considerable thickness ; at one place its thickness is not less than 20 feet. The ore

being cerusile, is found in strings up to \ inch of thickness filling the cracks of the

rocks all throughout. On assay it yielded 69' 1 per cent, of lead and 33 oz. 16 dwts.

4 grs. of silver to the ton of lead. At Mawkwin, the dyke is considerably thinner,

and the old workings are less extensive ; the occurrence of the ore being, however,

exactly the same as at Kaydwin.

31. So far as can be judged from the examination of these two localities without

extensive diggings being undertaken, the diggings at Kaydwin and Mawkwin are

situated on one and the same dyke, running approximately south-west—north-east.

If the dyke should contain an equal quantity of ore strings at intermediate places,

such an occurrence of this lead-ore would certainly have a considerable value.

This, however, can only be settled by extensive diggings.

Museum and Laboratory.

32. Mr. Holland, the Officer in charge of the Museum, has made considerable

progress in the classification and microscopic description of the large series of

rocks collected during former years by officers of the department and private

individuals, and results obtained add greatly to our knowledge of the eruptive and

crystalline rocks, which have recently pruvjd to be of great petrologicai interest.

Amongst features of noteworthy intetest which have resulted from this w ork, may be

mentioned the curious inclusions of heulandite, celadonite and glauccnite in hand

some green crystals of calcite, and a new variety of magnetite. The so-called "mica-

traps," intrusive in the coal-bearing rocks of Raniganj, Karharbari, and Darjeeling,

are found to be interesting types of an ultra-basic rock, mica-peridotite.
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33. A large number of assays of ores and coals, and the determinations of

minerals, have been published from time to lime in the Records ; and in this work

of ihe Laboratory as well as in the Museum, Mr. Holland reports most favourably

of the carefulness and accuracy of the work done by the Museum Assistant, Mr.

T. R. Blyth.

34. Mr. Holland has especially for the sake of students, written an Introduction

to the Study of Indian Minerals, with a descriptive list of the species represented

and an Index to the Museum collection.

35. Survey publications.—A new edition of the Manual of the Geology of India has

been revised and largely rewritten by Mr. R. D. Oldham and published during the

year, which has been very favourably received. The progress of survey since the first

edition was issued, has been so marked that an entire change has been made

in the arrangement of the book, the rocks being described, in chronological order

instead of b~ing treated under a series of descriptions of separate districts. Still,

many districts have had to remain untouched, so that as regards these, and where

no serious modifications were necessary, the original text has been allowed to stand.

The number of plates, maps, and page i. lustrations has been considerably increased,

and the volume iiself is in handier form. The year's volume of the Records con

tains 15 papers and appendices, of which six deal with industrial and allied subjects.

In the Palasontologia In«'ica, Dr. G. W. Gregory's volume on the Jurassic Echin-

oidea of Cutch has been issued.

36. Library.—The additions to the Library amounted to 1,938 volumes or parts

of volumes, of which 1,209 were acquired by presentation and 729 by purchase.

37. Personnel.—Mr. T. W. H. Hughes, through a most regrettable accident, was

compelled to take leave from the 26th January 1893. Mr. R. D. Oldham has

taken furlough from the 18th July 1893. Mr. VV. B. D. Edwards has also,

through illness, been granted leave from the 4th November 1893.

WILL. KING,

Director, Geological Survey 0/ India,

Calcutta :

31st January 1894.
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List of Soc'elies and other Institutions from which publications have

been received in donation or exchange for the Libiary of the Geolo

gical Survey of India during the year 1893.

Adelaide.—Royal Society of South Australia.

Algiers.—Geological Survey of Algiers.

Ballarat.—School of Mines.

Baltimore.—Johns Hopkins University.

Batavia.—Batavian Society of ArU and Sciences

Belfast.—Natural History and Philosophical Society.

Blrlin.—German Geological Society.

,, Royal Prussian Academy of Science.

,, Royal Prussian Geological Institute.

Bombay.—Bombay Branch of the Royal Asiatic Society.

,, Marine Survey of India.

. „ Meteorological Department, Government of Bombay.

„ Natural History Society.

Boston.—American Academy of Arts and Sciences.

,, Society of Natural History.

Breslau.—Silesian Society.

Brisbane.—Royal Geographical Society of Australia.

„ Royal Society of Queensland.

Bristol.—Bristol Naturalists' Society.

Brussels.—Royal Malacclojical Society of Belgium.

Budapest.—Hungarian Geological Institute.

,, Hungarian National Museum.

Bl'enos Ayres.—National Academy of Sciences, Cordoba.

Caen.— Linnsean Society of Normandy.

Calcutta.—Agri.ultural and Horticultural Society of India.

„ Asiatic Society of Bengal.

„ Editor, The Indian Engineer.

,t „ Indian Engineering.

„ Meteorological Department, Government of India.

„ Reporter on Economic Products, Government 01 India.

„ Survey of Indii.

Cambridge.—Philosophical Si ciety.

„ University of Cambridge.

Cambridge, Mass.—Museum of Comparative Zoology.

Cassel.—Vereins fur Naturkunde.

Cincinnati.—Society of Natural History.

Copenhagen.—Royal Danish Academy.

Dehra Dun.—Great Trigonometrical Survey.

Dijon.—Academy of Sciences.

Dresden.—Isis Society.

„ Royal Mineralogical, Geological, and Pre-Historic Museum.

Dublin.— Royal Irish Academy.

,, Science and Art Museum.

Edinburgh.—Geological Society.
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Edinburgh.—Royal Scottish Society of Arts.

„ Royal Society.

„ Scottish Geographical Society.

Freiburg.—Natural History Society.

Geneva.—Physical and Natural History Society.

Glasgow.—Glasgow University.

,, Philosophical Society.

Gotha.—Editor, Pelermann's Gcographische Mittheilungm.

Gottingen.—Royal Society.

Halle.—Natural History Society.

Hamilton.—Hamilton Association.

K 5nigsbrrg.—Physikalisch-Okonoraische Gesellschaft.

Lausanne.— Vaudois Society of Natural Sciences.

Leipzig.—Verein fur Erdkunde (Geological Society),

Li'feGE.—Geological Society of Belgium.

Lille.—Socie'te' G^ologique du Nord. •

Lisbon.—Geological Commission, Portugal.

„ Geological Survey, Portugal.

Liverpool.—Geological Society.

London.—Geological Society.

„ Iron and Steel Institute

„ Linncean Society of London.

„ Royal Geographical Society.

„ Royal Institute of Great Britain.

„ Royal Society.

„ Society of Arts

„ Zoological Societv.

Lyons.—Museum of Natural History.

Madrid.—Geographical Society.

Manchester. — Geological Society.

„ Literary and Philosophical Society.

Melbourne —Department of Mines and Water-Supply, Victoria

„ Royal Society of Victoria.

Milano.— Italian Society of Natural Sciences.

Montreal.—Royal Society of Canada.

Moscow.—Imperial Society of Naturalists.

Naples.—Royal Academy of Science.

Newcasti.e-on-Tyse.~- North of England Institute of Mining and Mechanical

Engineers.

New Haven.—Connecticut Academy of Arts and Sciences.

New York.—Academy of Sciences.

Oxford.—University Mussum.

Ottawa.—Geological and Natural History Survey of Canada.

Paris.—Editor, A.inuaire Geologique Universcl.

„ Geographical Society.

„ Geological Society of France.

„ Geological Survey of France.

„ Mining Department.

1
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Phii.adei phia.—Academy of Natural Sciences.

„ American Philosophical Society.

„ Franklin Institute.

„ Wagner Free Institute of Science.

Pisa.—Society of Natural Sciences, Tuscany.

Quebec.—Literary and Historical Society.

Richmond.—Virginia University.

Rio-de-Janeiro.—Imperial Observatorr.

Rochester.—Geological Society of America.

Rome.—Geological Survey of Italy.

,, Royal Academy.

Saint Petersburg.—Geological Commission of the Russi in Empire.

„ Imperial Academy of Sciences.

„ Konig. Russische Mineralogische Gesellschatt.

Salem.—American Association for the Advancement of Science.

,, Essex Institute.

San Francisco.—California Academy of Sciences.

Shanghai.—China Branch of the Royal Asiatic Society.

Sydney.—Australian Museum.

„ Department of Mines and Agriculture, New South Wales.

„ Geological Survey of New South Wales.

„ Linn Kan Society of New South Wales.

„ Royal Society of New South Wales.

Tokio.—Asiatic Society of Japan.

„ Deutsche Gesellschatt fur Natur und Volkerkunde.

Toronto.—Canadian Institute.

Turin. — Royal Academy of Sciences.

„ Royal University.

Venice.—Royal Institute of Science.

Vienna.— Imperial Geological Institute.

,, Imperial Natural History Museum.

Royal Academy of Science.

Washington.—National Academy of Sciences.

„ Smithsonian Institution.

„ United States Department of Agriculture.

„ United States Geological Survey.

,, United States Mint.

„ United States National Museum.

We' lington.—Colonial Museum and Geological Survey of New Zealand.

„ New Zealand Institute.

„ The Minister of Mines, New Zealand.

Yokohama.—Asiatic Society of Japan.

,, Seismological Society of Japan.

York.—Yorkshire Philosophical Society.

Zurich.— Natural History Society.

The Governments of Bengal, Bombay, India, Madras', Perak, and Punjab.

The Chief Commissioners of Assam, Burma, and Central Provinces.

The Resident at Hyderabad.
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Report on the Bhaganwala Coal Field, Salt Range, Punjab, by Tom. D.

LaTolche, B.A., Deputy Superintendtnt, Geological Survey of

India- ( A'ith map and 2 plates.)

This coal-field is situated near the eastern end of the Salt-Range, on the plateau

overlooking the village of Bhaganwala, which lies at the
Situation of the field. , , . . . , ,

foot of the range at ab( ut 10 nil es to the north-east of

Haianpur station, on the Sind-Sa'jar Railway, on the right bank of the Jhelum. It

occupies a iou^h'y tr'-n^jhr area, as shown in the accompanying plan of ?bout 7

sova e nv'es in exter> of which only the western port'on, for the most part i_ove ed

with F^uvium. and highly culiivated. cm be deoCribcd as a plateui, while the eastern

po ion is hi'!/ and cut up by deep ravines. Several small villages are situated on

the plateau, the V^est being Ara, w hich might have given its name to the coal-fieldi

lying as it does in the centre of it, with more proprieiy than Bhaganwala.

The r~ea now to be described is only a small portion of the larger plateau, called

_ * . by Mr.lWynne in hisMemoir on the Salt-Run'e,1 the " Eastern
Bounda les. ' „ , . , , . r .

Plateau, which extends along tue top of the mnge for a great

distance towards the west, and it is quite possible that large deposits of coal may

exist in that direction, beside^ tho-e already worked at Pidh and Dandot; but so

little has yet been done in searching the intervening ground, though indications of

cor' h?ve been met with in several places, that this larger area may be left out of

account at p eseni. A zone of broken and hilly ground, due to sharp folding and

faulting of the rocks, rising abruptly from the western edge of the alluvial flat on

which Ara is situated, conveniently divides the coa'-iield from the larger pbteau on

the wet, while on the north it is bounded b>- abroad ?nd deep ravine, which cuts

down into beds underlying the coal-bearing rocks. On the south it is bounded by

the long line <y. scarp overlooking the plains of ihe Jhelum valley, and extending

for about 5 miles from ea.->t to west ; and io the north-east by a tract of very hilly

country, occupied by highly inclined beds of sandstone and clays, higher in the

series than the nummulilic limestone overlying the coal-bearing beds, so that the

latter in this direction quickly become buried to an unworkable depth.

Although it is only quite recently that a serious attempt has been made to open

out the coal seams in ihis field, ihe fact of the existence cf
Previous notices. , , , . , . T. . _

coal here has been known for many years. It appears to

have been first brought to notice by Dr Fleming in 1853 and was reported on by

Dr. Oldham in 1864. Dr. Oldham estimated the total quantity of coal available at

16,20,000 maunds, or between 50,0:0 and 6o,o;o tons; but there is little doubt

that a considerable quantity of coal, which was not included by Dr. Oldham in his

estimate, as he considered that it lay at too high an angle to be profitably worked

at any rate below the level at which it could be reached by horizontal adits, can be

extracted, if proper precautions are taken in opening out the mines.

The coal of this locality is mentioned by Mr. Wynne in his Memoir on the

Salt-Range above cited. He quotes from the report of Dr. Oldham," and gives a

section of the coal seam and associated rocks at the point referred to above, viz.,

1 Memoir.-, G. S. I., Vol. XIV.
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where the beds lie at a considerable angle.' He does not seem to have been

acquainted with the coal at the other point where it is now being worked, at mine

No. 7, where the beds are almost horizontal, though both he and Dr. Oldham state

that the outcrop may be traced for 2 miles. Probably the outcrop of this good coal

at No. 7 was at that time concealed by talus.

Since the publication of Mr. Wynne's Memoir in 1878, nothing appears to have

been done to prove the capabilities of the field for many years, except that a

number of holes were dug into the outcrop by native contractors, who of course

took the coal wherever it was most easily to be got, without any regard for the

future, and if they had been allowed to continue in that fashion, might in time have

done irreparable damage. Some 2,000 tons is said to have been removed in this

way. But in 1892 Mr. Luckstedt, Executive Engineer, Manager of the Dandot

Colliery, submitted a repor*., in whtch the total quantity of coal was estimated at

10 million tons, and of this 6 millions were said to be available. This estimate

was so largely in excess of that made by Dr. Oldham, and, as pointed out by Dr.

King, Director, Geological Survey, rested upon such slender evidence, that it was

felt advisable, before sanctioning the expense necessary to provide better communica

tion with the railway than the present system of pack animals, that some further

evidence should be collected, if possible, supplemented by borings, to prove the

existence of coal or otherwise at points where it could not be reached by drifts from

the outcrop. Accordingly, the present detailed survey of the field was undertaken.

While it was in progress Mr. Luckstedt furnished another report, in which the total

amount of coal is estimated at 20 millions of tons. This report will be discussed

further on.

The best available map of the district, on the scale of 1 inch = 1 mile, not being

_. sufficiently detailed to allow of geological boundaries,

Plan of the coal-field. ' ...... • vi_
outcrops, etc., being laid down upon it with accuracy, a

large-scale plan of the field was prepared by Mr. Dallas Edwards, Assistant Super

intendent, Geological Survey, during the past working season. A reduced copy of

the plan, which was surveyed on a scale of 6 inches = 1 mile, is attached to this

report. The advantages of making such a plan as this at the same time that the

geological survey is being carried on are obvious. The boundaries of- the differ

ent formations and other geological features can be inserted on the plane table, as

the survey proceeds, with an accuracy not obtainable when an enlargement from a

small-scale map, made without any reference to geological details, is the only one

available.

The geological structure of the rocks is not very easy to describe, as the

Geological structure forces which have determined it appear to have acted from

(See Section, 1 and 2, two or more directions, whether simultaneously or at differ-

p ate ent periods, and the result is somewhat complicated. At

the eastern end of the field the rocks are tilted up at a high angle, apparently form

ing the northern limb of a great anticlinal, the southern limb and crown of which

have been removed by denudation. As we proceed westwards the anticlinal becomes

broader and flattened, as it were, spreading out into a series of gently undulatings,

anticlinals and synclinals, which occupy the space between the highly inclined rocks

at the southern edge of the range and the northern edge of the coal-field. Great

' Memoirs, G. S. I, Vol viv, PI. XIV, p. 138.
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denudation has taken place, so that a deep gap has been formed between what is

now the southern edge of the coal-field and the edge of the hills, a large area ofwhat

may have been productive coal-bearing beds having been removed. Although the

rocks are seldom quite horizontal over that part of the field which has escaped

denudation, yet they dip either to the north or south at very low angles, having

generally sufficient inclination to render drainage of the mines, when it shall be

necessary, a matter of little difficulty.

Faults are neither numerous nor of great extent in this field. Such as do

Faults occur are marked on the plan, and it will be seen that

they nearly all run in a northerly direction, starting from

the southern scarp, and soon die out, so far as can be seen, on the surface of the

plateau. The longest can be traced for about 1,500 yards from the edge of the

scarp, near and to the east of the Railway bungalow, and appears to have a throw

of about 50 feet at most. This and some of the others appear rather to be very

sharp folds accompanied by faulting, than ordinary faults, but the result is the

same, so far as the relative position of the beds on either side of them is con

cerned.

The formations which we have to deal with are very few in number, since the

„ ... _ . , coal occurs at only one well-defined horizon, and the rocksformations represented. *

below that horizon need not be noticed. A general

vertical section through the beds shown on the plan is given below :—

In descending order,

Maiimum thickness.

Feet. Inches.

Nahan sandstones and clays, thickness variable, sometimes

absent . . . . . . , . ■

Nummulitic limestone ......... I' o o

Yellow and dark grey shales .......140

Coal 70

White sandstone with pebble bands , «... 50 o

Olive shales and clays with boulders of crystalline rocks . . 20 o

Salt pseudomorph zone, red and grey shales . . .

Only the lowest beds of this formation are represented in the coal-field. They

Nahan sandstones. consist of soft grey sandstones interstratified with red or

purple shales and clays, and with irregular pebbly bands

from I to 8 feet or so in thickness. The composition of the beds varies

horizontally a good deal, so that the section passed through in a boring at one

point may be very different from that at another. The lowest beds contain pieces

of silicified wood, also fragmentary bones and teeth, mixed with pebbles of

quartzite and other crystalline rocks. They also contain what appear to be pebbles

of the underlying limestone, but the latter is very nodular, and these apparent

pebbles may be merely nodules mixed with the sandstone while it was still soft

and not really rolled pebbles. No sign of unconformity can be detected between

the sandstones and underlying rock. The sandstones have been greatly denuded

within the limits of the field, and often removed entirely, patches remaining here

and there as outliers, but to the north-east of the Ara plain these patches coalesce,

increasing to a thickness of several hundred feet, so that the underlying rocks are

only exposed where deep ravines have cut through the whole 6eries.
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The scarped outcrops of limestone which form such a conspicuous feature in

Nummulitic limestone. tne Sall-Range are of considerable importance as a guide

to the position in which indications of coal should be

looked for, because the limestone everywhere overlies the coal-bearing bed, and it

is, indeed, to the softness of the latter, coming immediately beneath the hard lime

stone bands, that the aforesaid scarps are due. As represented in this coal-field

the limestone has lost much of the thickness and solidity which it displays further

to the west, as at Dandot, and even within the limits of the field its thickness

diminishes from about 160 feet on the west to less than 50 feet on the east, while

beyond the limits of the plan it thins out entirely wiihin no great distance, if traced

along the outcrop.

A section of the limestone at mine No. 12 gives, in descending order

„ , , ,. Feet. Inches.
Nodular limestone about 20 o

Solid and very hard limestone «... „ XS 0

Nodular limestone with partings of sh.ile and clay . „ 2S o

Solid hard limestone „ o o

Nodular limestone with partings of clay ... „ ifi o

Nodular limestone with bands of shale and clay . . „ 36 o

Solid and very hard limestone ..... „ 7 o

Nodular limestone „ 26 o

Nodular limestone with partings of clay and shale . ,, 14 0

Shaly limestone ........ „ e o

 

Total . 164 o

The want of homogeneity in the limestone has been found to be a serious

drawback in the attempts made to bore through it, at any rate with the steam

boring machine, for though the tool cuts through the hard bands readily enough

on reaching the soft clays and shales it becomes clogged, and even if any progress

is made, fragments of the shale frequently fall from the sides of the hole, and

cause the tools to become jammed, a difficulty that it has not yet been found

possible to surmount.

Immediately underlying the limestone are found the coal-bearing beds, consist -

Coal-bearin beds *n£> °^ dark-bluish grey shaks passing down into carbona

ceous shales or sandstones and coal. The maximum

thickness of the shales is not more than 14 feet, and it is often less, a circumstance

which is greatly in favour of mining operations here as compared with Dandot,

where the shales above the coal reach a thickness of 40 feet. Another advantage

here is that a band of hard sandstone is frequently found between the coal seam

and the shales, affording a good roof fo the workings. Beneath the coal-bearing

beds is a strong band of white sandstone,, often stained' yellow or brown by oxide

of iron. This also frequently contains strings of carbonaceous matter, and some

times pebbles and boulders of crystalline rocks. Its thickness varies a good deal

in different parts of the field.

The rocks which succeed this band need not be described here in detail, as

though they afford some interesting points for discussion they have no connection

with the subject of this report.

Distribution of the coal.

The evidence so far obtained as to the distribution of the coal in this field is of
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two kinds; ist, that afforded by natural outcrops; and 2nd, that afforded by the

drifts and mines which have been put in at numerous points along the outcrop.

Beginning at the western end of the long southern scarp, which stretches in an

unbroken line for a distance of about 5 miles from mine

1. Outcrop indica- j^o. 12 to the east of mine No. 1, the following sections

ons* may be observed :—

Section No. I. (see Plan), Mine No.

Feet. I Debet.

Limestone (see pag« 18) about 164 o

Yellow shales ao

Dark grey shales S °

Carbonaceous sandstone ....... 19

Sandstone band ........ O 6

Coal ........... IO

White sandstone ........

Proceeding from this point along the left bank of the ravine, the outcrop of the

beds beneath the limestone is much concealed by talus, but where visible, the rock

is a coarse yellow and white sandstone, the shales apparently being absent ; nor is

there any trace of carbonaceous matter. Where the outcrop bends sharply to the

east, the following section is seen :—

Section No. II—

Limestone ........

Shales • . about 3 feet seen.

White sandstone much stained with iron 40 „

No good section of the rocks between the limestone and sandstone is exposed

along this part of the scarp up to drift No. 9, but where the shales are visible they

are not carbonaceous.

Section No. Ill Drift No. 9— Feet Inchei.

Limestone .

Carbonaceous shale

White sandstone .

Pink sandstone .

Grey shales .

Again, between this and drift No. 8, there is much talus, but a clear section is

exposed at the mouth of the latter drift beneath the bungalow, and close to the

road from Ara to Bhaganwala.

Drift No. 8— Feet. Inches.

Limestone •••«..••*

Shales about 4 o

Carbonaceous shale ........ 10

White sandstone very much stained at top • • . •

To the east of the road a little carbonaceous shale shows at intervals, but no

good sections are exposed till near drift No. 7 A. In a gully about 500 feet west

of this drift the section is

5 o

54 o

18 o

Section No. IV— Feet. Inches.

Limestone ..........

Shales •>.,»..... 10 o

Ferruginous sandstone 06

Slightly carbonaceous sandstone and shale . • . • I O

White sandstone • • ■ . • . . • ......
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At about 75 feet to the west of the drift the coaly stuff has increased to 2 feet

4 inches, and at the mouth of the drift the section is

Drift No. 7 A— Feet. Inches.

Limestone • • • . . « • » ■ • .

Sandy marl with many bivalves ...... 14

Yellow shale ......... 3 O

Dark grey shale ........ 70

Sandstone about o 6

Carbonaceous shale and coal ...... 20

White sandstone

Beyond the drift the carbonaceous band dies out again, being about 1 foot 6

inches thick at 100 yards from it. The ground is then again covered by talus,

and no good sections are seen until the spur overlooking mine No. 7 is reached.

From this point to mine No. 6, a distance of about a mile and a quarter, clear sec

tions are freely exposed. A photograph of this portion of the scarp is attached,

(Plate II) which gives a good idea of its general aspect. No coal or indications of

it are seen, however, until a point is reached about 300 yards west of mine No. 7,

where about 2 feet of carbonaceous sandstone appears at the base of the shales be

neath the limestone (Section No. V). This band of carbonaceous sandstone gradu

ally increases in thickness, and the proportion of coal it contains becomes more con

siderable up to mine No. 7, where the section :

Mine No. 7— Feet. Inches.

Limestone about 100 o

Shale no

Sandstone band ......... o 7

Coal S3

White sandstone

To the east of the mine the coal thins out again, until at about 200 yards distance

the seam is represented by a band of grey sandstone with strings and nests of coal.

Beyond this there are no signs of coal, or only very slight indications, for a con

siderable distance, to near drift No. 6 B. Here there is another lenticular band of

coaly shales and sandstone. Where first seen, the coaly layer is 1 foot 3 inches

thick, increasing to 2 feet 9 inches at about 1 2 yards further on, and continues with

about the same thickness, but very irregular, to some 50 yards beyond the drift.

Talus then covers the outcrop to near mine No. 6.*

At the mouth of mine No. 6 the section is—

Feet. Inches.

Limestone

Shale and clay

Coarse sandstone with nests of coal

Sandy coal ....

White sandstone . . .

8 o

1 o

4 o

• Mr. Luckstedt in his second reportspeaks of a "line of erosion" about 1,200 feet

wide as occurring in the scarp between mines Nos. 7 and 6, but I could not detect anything

of the kind, nor could t see the '* false bedding " he mentions in the lowest portion of tbe

nummulitic limestone, though 1 looked for it carefully, as such a structure in the limestone,

considering the mode of origin of the latter, would be worth studying.
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Beyond this again the rocks are hidden by talus, but at 450 yards from the

mine a section is exposed—

Feet, Inches.

Section No. VI—

Limestone .........

Brown clay ..........30

Soft sandstone with strings of coal 10

Hard sandstone . . . ... ... I a

Soft sandstone, slightly carbonaceous ..... O 10

White sandstone ...............

A little further on the whole of the rocks are concealed beneath a great slip,

which has covered the hill-side with a confused mass of blocks of the Nahan sand

stone from above. Where they appear again to the east of the slip no indications of

coal are seen up to and upon the col dividing the drainage towards Bhaganwala

from that into the Bunhar river ; but they appear again near the head of the ravine

on the east. At first there are two bands of coaly stuff from 10 inches to 1 foot

thick, separated by sandstone. The shales above the coaly baBd are of a bright red

colour, as though they had been burnt. Continuing along the side of the ravine the

rocks are somewhat concealed by talus. Occasional indications of coal are seen

as at section No. VII, where there are 15 inches of sandy carbonaceous clay, but

sometimes the place of the seam is taken by a pebbly band of sandstone. It then

begins to thicken gradually to about 3 feet at mine No. 5. Here the rocks begin

to bend over with a dip of about 300 to the north. The seam may be traced

continuously, and at the same time improving in quality, beyond mine No. 4, where

the thickness is 3 feet 2 inches, down to the bottom o£ the ravine. At this point the

section is—

Mine No. 3 W—

( Soft grey sandstones, weathering red

Base of Nahans J Light green and brown marly clay,

(. with nodules of limestone

Limestone, very nodular, with partings of clay

Limestone with small nodules

Shelly bed

Sandy limestone

Yellow marly bed with selenite

Coal ....

Sandstone

Clays, light green .

Green shales with much selenite

Red shales

Dip N. 10° E. at about 50°.

Feet. Inches,

in cracks

3

So

9

4
1

l

7

31

10

>3

0

o

o

6

o

0

0

o

O)

o

The coal seam continues up the hill-side to the south with an average thickness

of about 4 feet and down to the ravine in which mine No. 1 is situated. At the

bottom of this ravine the section is—

Feet, Iachat.
Mine No. 1—

Nahan sandstone ,.

Limestone .......... 20

Purple shale a

Dark-coloured sandstone ....... 6

Coal 4

Sandstone '6

Green clays and shales ........ lO

Red shales

o

a

a

6

o

o
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Half-way up the hill on the south bank of this ravine a trial drift has been put

in, but without finding coal. The section at the mouth of the drift is—

Section No. VIII—
Feet. Inches.

Limestone . . . . , . . , . .180

Purple clay 20

Dark-grey and white sandstone ..•.•.80

Slightly carbonaceous sandstone ...... 2 o

Carbonaceous sandstone ..... ..33

White sandstone . ...... 8 O

Greenish clays and shales . . . . . . 15 o

Red shales .........

At the top of the hill, the furthest easterly point shown on the plan, all traces of

coal have disappeared. It will be noticed that the limestone is very much attenu

ated in these latter sections, as compared with its thickness at the western end of

the field, and at a short distance further east it thins out entirely.

Feet Inches.

Section No. IX—

Grey Nahan sandstone .......

White nodular limestone ....... 2 o

Yellow limestone, very fossiliferous ... ..140

Purple shale with a band of clay at top .....20

White sandstone ......... 10 o

Red shales .........

Besides this long line of outcrop along the southern edge of the field, the

drainage from the plateau has in more than one place cut through the formations

above the coal-bearing beds, and we are thus enabled to form an opinion as to how

far the coal seam extends to the north and east. The ravines in which the beds

are thus exposed are the Rai ravine, to the east of Ara village, the Gahi ravine

running east from the village of Dhamiala, and the Sikki ravine, which extends

along the northern edge of the field.

In the Rai ravine the rocks beneath the Nahan sandstones are exposed over a

Rai ravine considerable area as an inlier, the outcrop of the coal-

ai ravine. bearing beds forming a narrow, continuous band on both

sides of the ravine. Several good sections are exposed, especially on the north

bank, but on that side there are no indications of coal whatever, the place of the

coal seam being taken by shales. On the south bank a section at the mouth of

Drift No. 10 gives :—

Feet. Inches.

Limestone ••»••••«

Grey shales 4°

Ferruginous conglomerate mixed with clay, containing quartz

pebbles 20

White sandstone with strings of coal and coaly stuff lining cracks 8 o

Fine yellow sandstone with pebbles . . • . 3 o

At the mouth of the drift some distance further to the east, marked Geological

Survey Drift on the plan, which I had put in at this point because it was opposite

to mine No. 7 on the southern outcrop, and it was important to discover how far

the good coal in that mine extends in a northerly direction, the section is—

Feet, Inches.

Limestone .........

Shales about 10 o

Yellow sandstone .....•.•.16

Carbonaceous sandy shale ...... 1 o

White sandstone ........

There is no " seam of weatheied coal, 18 inches thick," here, as stated by Mr.
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Luckstedt, but, as is so often the case in this field, the sandstone which occupies the

place of the coal is irregularly carbonaceous.

In the bottom of the ravine, where the rocks dip below the level of the stream

bed, at drift No. u, there is no good section to be seen, both banks being more

or less covered by talus, but just within the mouth of the drift there are about 3 feet

of shale at the base of the limestone, overlying sandstone, in which there are no

traces of coal.

In the Gahi ravine also a small closed area of the rocks beneath the limeslone

is exposed, but with the same disappointing results, as
Gahi ravine. regards indications of coal, as in the Rai ravine. At only

one point could I find any traces cf carbonaceous matter, and I had a cutting

made here as the outcrop was obscured by talus. At a distance of 30 feet in, this

gives the following section :—

Section No. XI—

Limestone .......

Yellow shale .......

Slightly carbonaceous sandy band, very irregular

Soft white sandstone and clay

Dark-grey shales ......

Wherever at other places in this ravine the rocks between the limestone and the

greenish-grey shales of the boulder bed are exposed, they consist of yellow and pink

sandstones, even the shales which usually occur at this horizon being absent.

Along the southern bank of the Sikki ravine the outcrop is exposed for more

than a mile, but that of the coal-bearing beds is generally
Sikki ravine. concealed by talus from the limestone above. At one

point there are some indications of coal, and here a drift (No. 14) has been put in

The section at its mouth is—

Feet. Inches.

o

6

6

Drift No. 14—

Limestone . .

Marl ...

Carbonaceous sandstone

White sandstone ,

Boulder bed . •

Feet Inches.

Further to the west, near the village of Sikki, the following section was mea

sured :—

Section No. X—

Limestone . . . . ■ • • • • ....

Shales .....••••..4

Ferruginous sandstone ... . 2

Concealed by talus ....... 6

Soft purple sandstone ........ 3

Pebbly band ..........4

Yellow sandstone ......... 8

Boulder bed

Feet. Inches.

0

6

0

o

6

0

In considering the evidence afforded by the natural outcrops of the beds, as

Conclusions to be detailed above, it must be borne in mind that, although the

drawn from evidence outcrop is to a great extent concealed by talus, and the

afforded by outcrops. . , . , ... /
evidence is therefore to a similar extent imperfect, yet it

;s seldom that an interval of more than a few hundred feet of talus-covered ground

separates points at which the beds are more or less well exposed, in the numerous
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small gullies which furrow the sides of the scarps. Therefore the cumulative

evidence derived from such a large number of sections becomes more worthy of

acceptance. Moreover, in those cases where good coal does occur, as at mines

Nos. 7 and 1 to 3 W, it shows distinctly at the outcrop, and the seam may be

traced almost continuously on either side of the points of greatest development,

gradually thinning out as we recede from those points, until at last it disappears

entirely, or is replaced by coaly stuff imbedded in sandstones or shales. Thus we

are justified in drawing this conclusion from a study of the outcrops alone, that the

distribution of coal is extremely irregular, and that it would be very unsafe to form

an estimate of the quantity of coal that may exist within the area under considera

tion, from such evidence, taken by itself.

The drifts that have been put in at various points along the outcrops may be

conveniently divided into two groups, viz., those situated

the drift"" afforded by in tne narrow neck of coal-bearing rocks at the eastern end

of the field, from No. 1 to No. 7, including the drifts in

the Rai ravine, and those situated in the western portion of the plateau, Nos. 7 A to

12 on the southern outcrop, and No. 14 in the Sikki ravine on the north.

Taking first those in the eastern portion of the field, it should be noted that

these are the only places from which coal of good quality

Drifts in eastern por- h t ^ procured. Drifts Nos. 1 to 5 are all on a
tion of coal.field. / r . J

continuous band or seam of coal, which may be traced, as

above described in treating of the outcrops, for a distance of nearly a mile along

the strike of the beds, and having an average thickness of about 4 feet. Nos. 1 and

3 E are driven from either side of a ridge, and meet in the middle of it, having a

total length of 1,380 feet. The centre pit No. 2, driven from the highest point of

the same ridge down the dip of the beds, meets the other two about half-way

through the ridge, and continues beyond them to a distance of over 300 feet from

the outcrop. Thus the continuity of the seam in this area has been fairly well

proved. The thickness varies from 3 feet 9 inches to 7 feet, and 5 feet may be

taken as a fair average.

No. 3 Wis driven along the strike of the beds on the bank of the ravine

opposite No. 3 E, to a distance of about 300 feet from the outcrop, and shows the

seam reduced in thickness from 3 feet 6 inches at the outcrop to 2 feet 9 inches

at the farthest point reached. A branch drift is also being put in at right angles

to this in the direction of the dip, but it has not proceeded far, having been

stopped for the present by water. Three feet may be taken as an average thickness

for the coal affected by this drift.

Nos. 4 and 5 were driven to a distance of only 100 feet from the outcrop, and

I have no information regarding them.

Drift No. 6 starts in about 4 feet of coaly sandstone, in which the coal and

sandstone are disposed in thin, alternate layers. Further in the seam becomes

thinner, but of better quality, and at 240 feet from the outcrop there are 2 feet

4 inches of good coal.

Between this and drift No. 7 one or two drifts have been put in at points where

there are indications of coal, but they are now blocked up, and I have no informa

tion regarding them.

Drift No. 7 was started in good coal, about 5 feet thick at the outcrop, and
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extends in a northerly direction for about 500 feet, still in good coal of the same

thickness. It has been opened out as a mine, and a considerable amount of coal

has been worked out from either side of the main drift . The seam varies in

thickness from 2 feet 9 inches on the west side of the main drift ta between 4 and

5 feet on the east, and a thickness of 4 feet 6 inches may be taken as an average

throughout the area proved by it.

In the Rai ravine three drifts have been put in, all on the southern bank. Of

these No. 10 extends to a distance of 180 feet from the outcrop, in the shales

below the limestone, but without finding any traces of coal. No. 1 1 is driven at

the lower end of the ravine, where the rocks are brought down by a dip of about

200 to the level of the bottom of the valley. It extends to about 170 feet from the

outcrop, and shows about 3 feet of shale underlaid by sandstone, in which there

are occasional strings of coal, but no coal is found in the shales.

In the drift between these, which I had put in at this point as being opposite

to mine No. 7, and which extends to about 200 feet from the outcrop, a similar

section is shown, there being some 10 feet of shales beneath the limestone, without

a trace of coal, underlaid by sandstone in which strings of bright coal, up to an

inch or so thick, are occasionally found. And it is evident that the scam of good

coal 5 feet thick, in mine No. 7, must die out in this direction, as it does along the

outcrops on either side of that mine. Mr. Luckstedt, it is true, asserts that there

is no prospect of reaching the coal of mine No. 7 within a distance of 400 or 500

feet from the outcrop in the Rai ravine, as, according to him, the whole of the

southern side of the ravine is a slipped mass. But, apart from the fact that there is

no evidence of such a general slip at that distance from the outcrop, even if it

had occurred, it is inconceivable that it should have utterly destroyed the coal, and

left the soft shales, in which the coal should be found, intact. In this drift there

is a small fault or hitch at no feet from the mouth, bringing down the limestone,

but the section is not affected by it ; and the drift has been continued far beyond

it, without meeting with any improvement. At drift No. 1 1 there is certainly

no question of a slip, as the beds dip below the level at which denudation can

have affected them, and are in an exactly similar position to that which they occupy

further along the strike, at mine No. 3 W ; and there is no reason whatever why

the coal, if it originally existed at both these points, should have disappeared at one

of them and remain at the other. These drifts, in my opinion, prove conclusively

that the coal does not extend continuously from the southern outcrop to the Rai

ravine, but thins out somewhere in the interval ; and so far from agreeing with Mr.

Luckstedt, I say that we have as yet no evidence, and there is no reason for

thinking that the seam extends even to within 500 feet of the mouths of drifts in

that ravine.

Drift No. 7 A shows near the outcrop a thickness of 2 feet 7 inches of sandy

D 'ft ' the It COa^' * ^a consisting of thin alternating layers of

n s in e p a eau. coaj an(j san(istone, At 70 feet in this dwindles to

about a foot of the same stuff, then thickens again to 3 feet at the end of the drift*

200 feet from the outcrop.

Drift No. 8 is now closed, but Mr. Luckstedt states that it extends for 120 feet

from the outcrop, and that the 1 foot of carbonaceous sandstone exposed at the

mouth does not improve further in. He accounts for this by saying that a fault

111 1
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runs about 300 feet to the east of the drift in a northerly direction. The fault is

certainly there, but I do not see how it could have affected the thickness of the

coal, supposing that it was originally greater at this point. Faults are of common

occurrence in most coal-fields, but beyond altering the relative positions of the

seam on either side of them, they have little or no effect on the thickness of the

coal, except along the actual plane of dislocation, where the rocks are sometimes

crushed, and I know of no instance where a seam has been affected in such a man

ner, at so great a distance as 300 feet from the fault, as to reduce its thickness to

such an extent as Mr. Luckstedt imagines.

Drift No. 9 is also now stopped up, but was apparently no more promising than

No. 8.

Considerable importance must be attached to the indications afforded by mine

No. 12, for assuming for a moment that Mr. Luckstedt is correct in attributing the

general absence of signs of a thick seam of coal along the outcrop to slipping and

other dislocations of the strata, this is just the place where we ought to find that

thick seam in full force. For at this spot, not only is the scarp of recent formation

lying as it does close to the head of a small ravine in which there is a perennially

flowing stream of water, but there are no slips or faults anywhere in the vicinity, by

which on his hypothesis the seam, supposing it had originally existed, could have

been destroyed. Yet, on the one hand, in spite of the freshness of the outcrop, no

thick seam of good coal shows in it, and on the other, although the drift has been

pushed to a distance of over 250 feet from the outcrop, nothing like a continuous

seam of good coal has been met with. The place of the seam is occupied by a

band of carbonaceous sandstone and shale, varying in thickness from 1 foot 7

inches to about 4 feet. The sandstones usally contain thin strings of coal of good

quality, sometimes thickening to a band about a foot thick, but useless as fuel,

from the amount of foreign matter inseparable from it. Some of the so-called

coal from this mine was tried in the engine of the steam boring machine, but it

would not keep alight in the furnace.

The same remarks apply to the only drift that has been put in on the northern

side of the field, No. 14. Here also the scarp above the outcrop is not very high,

and there are no signs of slipping or other dislocations anywhere near the drift.

It extends to a distance of about 200 feet from the outcrop, always in carbonaceous

sandstone with the strings of bright coal which are such a common feature in

the sandstones that so frequently occupy the place of the coal seam in this field.

It may be objected that the non-occurrence of good coa^-.in these two drifts

may be a mere accident, owing to an unfortunate choice of position, but seeing that

both of them were put in here they are solely because of the comparatively pro

mising indications of coal at the outcrop, that argument can hardly be considered

as valid.

If these two drifts, in conjunction with No. 7 A, 8, and 9, prove anything at all»

they prove that a continuous seam of coal, 3 or 4 feet in thickness, does not

underlie the whole of the plateau,—that is, over by far the greater part of the area

coloured as productive of coal on Mr. Luckstedt's maps ; and the conclusion

drawn from the evidence afforded by the outcrops,—viz., that the distribution of

coal is extremely irregular—is thus quite borne out by that of the drifts. Still,

however, it is quite possible that coal in large quantities may exist beneath the
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plateau, but until its existence has been proved, it is quite out of the question to

take such hypothetical coal into calculation, when speculating upon the total

quantity obtainable from the field.

I may mention here that my colleague Mr. Middlemiss, who had been rather

sceptical as to whether any correct inferences could be drawn from a study of the

outcrops, was convinced after seeing the two drifts, Nos. 12 and 14, of the truth of

the conclusions I had come to regarding the irregularity of the coal seam.

This irregularity in the distribution of the coal may be due to either of two

Causes of irregularity causes,—viz., either that the coal was originally deposited in

in distribution of coal. limited areas, or that subsequently to the deposition of the

coal bed over the whole area it was irregularly denuded.

From the manner in which the seam, wherever there is good coal, can be seen

passing horizontally into carbonaceous shales and sandstones, I am inclined to

think that the first of these causes is sufficient to account for the facts, and that the

coal was formed in detached pools or marshes of limited extent, the banks of which

are represented by the barren ground intervening between the different productive

areas. I have, moreover, not been able to find any good evidence of erosion sub

sequent to the deposition of the coal, except that in some cases the sandstones

overlying it contain what appear to be fragments of coal ; and as the period follow

ing that in which the coal was formed seems to have been one of rather rapid

depression, as evidenced by the appearance of the limestone at no great distance

vertically above the coal horizon, it is likely that the beds were quickly covered

by shales and sandstone, and were thus protected from denudation.

A few obscure casts of fossils, principally gasteropods, have been found in the

^ sandstone layers immediately above the coal at mine No. 7,

Age o t e coa . ^ sufficiently well preserved to determine the age of the

beds, but there can be little doubt that they belong to the nummulitic group. It

is remarkable, however, that the coal frequently contains specks and nests of fossil

resin, which is characteristic of the coals of cretaceous age in Assam, and in that

part of the country serves to distinguish them from the newer tertiary coals.

Before the present investigation was undertaken, it was pointed out by the

Director of the Geological Survey that borings would have

Borings. t0 ^ pU( <jown on the plateau, to prove the existence or

otherwise of coal beneath it ; and all that I have seen of the conditions under which

the coal occurs has convinced me that several borings should be made. The

distance to be sunk in any borings made on the plateau need not be more than

300 feet or so, and at many points would be much less, whereas if Jit is proposed to

continue driving from the outcrop until the plateau is thoroughly proved, many

thousands of feet of barren rock may have to be passed through, before any coal is

struck ; and on the score of expense alone it seems to me that a serious effort

should be made to carry out those borings at any rate which have been started

during the past six months, down to the coal horizon. Two of these were partly

sunk with the aid of the steam boring machine belonging to the Geological Survey,

which does its work excellently so long as hard and homogeneous rocks have to be

passed through, the average rate of progress being about 3 feet per hour in the sand

stone, and over 1 foot per hour in the hard limestone. But the latter contains

bands of soft shale and clay, which it has been hitherto found impossible to bore
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through with the machine. These borings are being proceeded with by hand, as

the soft beds present no obstacle to that method, but in the harder limestone bands

progress is extremely slow. A third boring is being sunk by the aid of the

machine, and so far has proceeded satisfactorily, but it remains to be seen whether

similar soft bands will be met with, as in the other two borings*

In making an estimate of the quantity of coal obtainable from tne Bhaganwala

field, the foregoing considerations will have shown that we

available^ °f C°*' are justified in taking into account only those areas in

which the existence of workable coal has been actually

proved, and it will be noticed that these are just the areas in which good coal

appears at the outcrop, vii., along the scarp from mines Nos. 1 to 5, at No. 6, and

No. 7. In no other instance has any of the drifts proved the existence of good

coal, nor have the indications of its presence at the outcrop been found to improve

further in. As far as regards the areas above referred to, I have satisfied myself

that Mr. Luckstedt's figures, as given in his second report, are reliable, and I

calculate the available quantity of coal as follows :—

(0 Mines Nos. 1, 2, and 3 E.

These may be taken together, as they are practically one and the same mine.

Estimated average thickness of seam . — 5 feet.

Area actually proved = 384,000 square feet.

Quantity of coal = 384,000 x 5

■ =■ 64,000 tons.

30

To this may be added, according to the depth, measured along the dip, to which

the mines can be worked, for each 60 feet in that direction, or an addition of

96,000 square feet to the area,

96,000 x 5

■ — = 16,000 tons.

30

Supposing, for instance, that it is found feasible to work the mine to a depth

of about 2,000 feet along the dip, below the bottom of the ravines on either side.

And I think that such a depth would be quite practicable, for it is not likely that any

great influx of water would be met with, considering the climate of the locality.

* Since the above was written, this boring, No. 4 on the plan, was stopped, as far

as the machine was concerned, by a soft layer in the limestone at a depth of 150 feet from

the surface. About 45 feet of the limestone had then been bored through, and I calculated

that about 70 feet more remained before the coal-bearing bed would be reached. Should it

be found impossible to carry any of these borings down to the coal horizon, I recommend

that one or more shafts should be sunk, say, close to borings Nos. 3 and 4. These would no

doubt cost more than the drifts per foot, but probably not much more, and the distance to

be passed through in order to settle the question of the existence of coal beneath the plateau

would be so very much less in the case of shafts than in that of drifts from the outcrop, that

the cost of the former would be a mere trifle as compared with that of the drifts. Moreover*

in case good coal is found beneath the plateau, shafts will have to be sank in order to ventilate

the mines, so that the expenditure on them will not have been wasted.
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Assuming, then, that the coal retains its thickness to that depth, we should

have a total quantity of about 600,000 tons of coal available from this mine alone.

(ii) Mine No. 3 W—

Estimated average thickness of seam • . . . =3 feet.

Area actually proved —64,800 square feet

Quantity of coal =6ii!^L2 = 6,480 tons.

It is a question how far the seam extends along the strike beyond the area

proved, since where the beds are again exposed in that direction , in the Rai ravine,

they contain no coal, but it may be assumed that it continues to at least 1,000 feet

from the mouth of the mine. This would give for every 60 feet of depth, measured

as before, along the dip, an additional area of 60,000 square feet,

60.00OX3 £ t - 1
or, -1— =6,000 tons of coal.

Assuming, as before, that the coal extends to a depth of j.ooo feet along the dip,

and that it can be worked to that depth, this would give a total of 200,000 tons.

Adding the portion which it may be assumed can be worked out along the

strike beyond the area actually proved, i.e., over an area of 240,000 square feet,

which gives—

-24,000 tons

we get a total of about 230,000 tons of coal available from this mine.

(iii) Mines Nos. 4, 5, and 6.

These mines have not yet been opened out sufficiently to furnish any reliable

data on which an estimate can be founded ; besides which Nos. 4 and 5 are so

much closer to what appears to be the original limit of the basin in which the coal

was formed, as to render any speculation, regarding the distance to which the coal

may extend from the outcrop, extremely hazardous ; while No. 6 appears to be

in a small detached basin, very little of which has been actually proved to contain

good coal.

(iv) Mine No 7—

Estimated average thickness of seam .... =4 feet 6 inches.

Area actually proved ....... =120,000 square feet.

Quantity of coal proved— "30°^°* °. .... — 18,000 tons.

Here again k is not known how far the seam extends in a northerly direction, as

it does not appear in the sections exposed in the Rai ravine, at a distance of 3,750

feet from the mouth of the mine ; nor is it known how far it extends laterally on either

side of the area proved. Assuming, however, that it extends half-way towards the

Rai ravine,, with an average breadth of 500 feet, an area of 817,500 square feet wil!

be added to that already proved, which gives—

817,500x9■30KJ =122,625 tons.

Adding the amount actually proved, we have in round numbers 140,000 tons

available from this mine.

Adding together the whole of these amounts, it appears that 88,480 tons of coal'

have been actually proved, and that a reasonable estimate of the coal obtainable
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from the three mines referred to gives a grand total of 970,000 tons, or, say, one

million tons, of coal. From this amount quite 25 per cent, should be deducted

lo allow for waste, on account of the frequent interbedding of the coal with thin

layers of sandstone, and of the remainder a large proportion will be slack coal ; but

this, it is stated, can be sold at a profit.

The conditions under which the. coal is found, as regards roof and floor, and

, . thickness of the seam, are such that nearly the whole of
General conclusions. <■

the amount estimated above should be easy of extraction,

under a proper system of mining, and except at the eastern end of the field, and

that only when the mining is carried below a certain depth, no pumping will be

required to drain the mines. On the whole I consider that though the quantity of

coal estimated for is by no means proved, yet there is a reasonable prospect of suffi

cient coal being obtainable, and under favourable conditions, as to make it quite

worth while to improve the existing communications with the railway at Haranpur

in the manner detailed in Mr. Luckstedt's reports.

It will be seen from the foregoing that my estimate of the coal available differs

, , ... considerably from that formed by Mr. Luckstedt, whose
Mr. Luckstedt s reports. . .... ,

estimate amounts to 20 million tons ; the reason being that

I cannot agree with him in including the very large area coloured as coal-bear

ing on his map, until some more decided evidence than is at present at our dis

posal can be brought forward to justify the inclusion of that area. Mr. Luckstedt

begins his argument by asserting that " it is a mining axiom that a coal seam cannot

abiuptly vanish, and that the continuation of a seam that has been worked up to the

boundary of a district may be safely assumed." Where Mr. Luckstedt got this

" axiom" from I do not know, but from the use of the word " district," I suspect that

it refers entirely to the conditions under which seams of coal occur in England,

where coal estates are divided into districts, and it may be presumed that where coal

has been proved in adjoining estates and districts that it will be continuous between

them. But the seams in the coal-fields of this country are not as a rule so con

tinuous in thickness for great distances as they are in the coal-fields of England,

and numerous examples might be cited, even in fields of Gondwana age, where the

seams do thin out from a workable thickness to one of a few inches or so, if not

abruptly, using the word in its strict sense, yet within a few yards. And in fields

of nummulitic age, such as this of Bhaganwala, the thinning out of seams, just as

they are seen to do here, is the rule rather than the exception. I have seen it in

the Jammu coal-field, in those of the Khasia Hills in Assam, and even the enor

mously thick seams of Upper Assam are not continuous for anything like the

distance to which the rocks, in which they occur, extend.

Mr. Luckstedt says again that, if the seams were deposited in detached basins,

we should have signs of the approach to the edge of such basins in the appearance

of littoral deposits containing pebbles, in line with the coal seams. But it is not

at all necessary th at such deposits should contain pebbles ; in fact, considering the

conditions under which the coal was formed, it is hardly likely that pebbles would

cccur. Their presence would depend on the distance of the nearest hills, in which

solid rocks capable of being formed into pebbles occurred, and supposing that

the coal was formed under some such conditions as at present exist in Sylhet, and

lhe Sunderbunds, the absence of pebbles is easily accounted for. But the replace
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ment of the coal seam by sandstones and shales, as so frequently happens here,

is precisely what we should expect if the coal had been formed under some such

conditions as I have supposed, and is in itself an indication that it was laid down

in pools or marshes of limited area.

The " axiom " quoted by Mr. Luckstedt is, he says, " based on the laws of sedi

mentation, by which coal and its associated shales can only be deposited during a

prolonged period of great quiescence." However true this may be of the continu

ous seams to which the " axiom " refers, the facts of the case here seem to point in

the opposite direction, vis., that the period of coal formation with which we are

dealing was one of rather rapid change. Within a thickness of less than 50 feet of

strata, we have several diffierent rock bands, each of which denotes a more or less

abrupt change of conditions, and a glance at the sections given above will show

that each of these bands varies greatly in thickness at different points. First we

have the boulder bed, denoting the presence at no great distance of rocky hills with

rapid torrents descending from them ; then the white sandstones, showing that the

hills were at a greater distance, though the occasional presence of strings and beds

of large boulders, imbedded in the sandstone, shows that the area was not beyond

the reach of torrents. After this the coal beds and shales, which were probably

deposited on a flat plain, far removed from any hills, with frequent depressions or

marshy spaces in which an abundant vegetation grew, and traversed by sluggish

streams unable to move anything but the finest sand and silt. Lastly, the whole

was submerged beneath the waters of the sea, the sudden alteration from shales to

limestone showing that the depression was rapid. I can hardly imagine a case in

which the evidences of a rapid change of conditions could be more clear.

It would be waste of time to criticise seriously Mr. Luckstedt's geological rea

soning, if it were not that its introduction into his reports gives them an air of

plausibility, which might impose on those whose acquaintance with geology is slight.

To take one or two instances in which his reasoning might be modified by a little

more study. He evidently thinks that a geological basin " has some connection

necessarily with the present configuration of the country, as where he says that

" the Bhaganwala field lies at the south-west limit of a well-defined geological basin,

of which the Salt-Range, the outer Himalayas, the Jhelum and the Indus form the

boundaries." These mountains and rivers have nothing to do with the limits of the

basin, which, as a matter of fact, extends far beyond them. Then, again, he says,,

" The (proving of the) existence of coal is a work of purely geological character

. To search for coal among rocks the age of which was not known

would of course be fruitless." Does he think that it was necessary that the age of

the coal measures in Bengal, for instance, should be determined before the exist

ence of coal there was proved, or that three hundred years ago the geological age

of the strata about Newcastle and Bristol, from which " sea coal " was sent to

London, was known ? Or is it possible that he is labouring under the now ancient

delusion that all coal seams are of one and the same geological age? Supposing,

as might have been the case, that none of the coal seams in Bengal appeared

anywhere at the surface, but that the geological age of the rocks had been ascer

tained by other evidence, that knowledge would of itself have prevented any search

for coal being made in those rocks. For at the time the Bengal coal-fields were

being opened out, no other coal-bearing strata of that particular age were known.

1
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The fact is that geology has nothing to do with the existence of coal at all.

There may be several millions of tons of coal lying beneath the plateau at Ara, but if -

it is not there ; no " mining axioms," or geological reasoning, good or bad, will put it

there. Its existence can only be proved by a rigorous search, and I have already

staled my reasons for thinking that this search can best be carried out by means of

borings or shafts. Mr. Luckstedt, assuming the existence of a 4-feet seam of coal

over the whole area, thinks that borings will be of little use, and, of course, if that

assumption were correct, there would be no object in making them, since the depth

of the seam from the surface at any point could be calculated from the observed

dips, in case it was required to sink shafts for mining purposes.

Finally, supposing that the amount of coal obtainable from the mines at the

eastern end of the field is even half only of what I have estimated above, it will take

some 20 years, with a regular output of 2,odo tons a month, before it is all worked

out ; and the expenditure necessary to construct a branch line from Haranpur would

be amply justified. In the meanwhile there is plenty of time to carry out a thorough

search on the plateau, and if a large area of coal is found there, the oufput can be

enormously increased, without fear of the coal-field becoming exhausted for many

years to come.

♦

GEOLOGICAL SURVEY OF INDIA DEPARTMENT.

TRI-MONTHLY NOTES.

No. 18.—Ending 31ST January 1894.

Director's Office, Calcutta, 31st January t8gf.

In November last, a slight modification of the disposition list of the Staff became

necessary owing to an urgent call for inspection of the collieries in the Salt-Range

and at Warora, where the percentage of accidents was considered excessive. The

newly-appointed Inspector of Mines for India not having then arrived, it was judged

expedient to depute Dr. Noetling for this work, he having had the necessary expe

rience at thin-bedded coal on the Continent. He has reported since on the Dandot

and Bhaganwalla Collieries, and is now at Warora.

2. Mr. James Grundy, the Inspector of Mines, reported his arrival at Calcutta

on the 14th December, and was placed with the Director of the Geological Survey,

through whom he communicates with the Government of India. After some

necessary delay in arranging procedure and interviewing the Calcutta Agents of

several Mining Concerns, he left early in January, and entered on the examination

01 the Bengal coal mines.

3. The Director proceeded on tour in Burma on the 28th of December, and

returned to headquarters on the 31st of January. He visited the Thingadaw coal

field, and the auriferous tract of Wuntho. At the Thingadaw coal-field, which is

worked at present by an incline colliery at Letkobin, the various coal outcrops were
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examined under the guidance of Mr. T.H. Ward, the Agent and Manager Thereare

two kinds of coal which appear to belong to two separate members of the Chindwin-

series, the lower and better coal occupying a rather restricted area at Letkobin and

Kesobin, but the further extensions of this group will have to be explored by

boring, primarily between those places and the Irrawaddi bank ; while it is not

improbable but that larger areas of the same measures may be tapped over a con

siderable extent of this part of the Irrawaddi tract, though at some depth, as the

country is opened up in the progress of coal development. At present, however,

progress is considerably handicapped, if not on the eve of being retarded for a time,

by the laying down of coal from Bengal in the Rangoon market, the present low

price of which would undoubtedly be raised were the Burma development so

restricted. In other words, it would almost appear as if a ring had been formed in

the Rangoon market to choke off the Burma output of coal, at a price which cannot

for long be profitably kept so low as now rules.

4. The Wuntho region is undoubtedly auriferous to a certain extent, having

been worked by surface washings in a fitful manner for a long time past, but its

development in any such productive way as has lately been prophesied, is entirely

dependent on a more prominent occurrence of vein or reef matrix than has been

met with so fat : the matrix exhibited up to the present time being merely a sporadic

occurrence of small and discontinuous strings and narrow ledges of auriferous and

pyritous quartz in which there is some free gold, among strongly and deeply weathered

schists. Exploration and some prospecting have been made, but these are still only

in an initial stage : no large reefs are yet known, and the few indications of increase in

the size of the veins met with point to a decrease in their gold-bearing aspect.

5. Just at the close of the last three months, an enquiry which is full of promise

of most interesting geological results is being taken up by the Survey in connection

with the gigantic landslip which took place in Garhwal last September ; and Mr.

Holland has been deputed for this work. As yet there is only a demi-official account .

of the occurrence from the Public Works Department of the North-West Provinces,

but it is as well to record now what is known of h from the very interesting

memorandum given by Colonel R. R. Pulford, R.E., Superintending Engineer

2nd Circle, Provincial Works, Lucknow, who visited the scene of what he has

designated as the " Gohna Slip."

6. It appears that the site of this debacle is up the valley of the Bihri Ganga, a

tributary of the Alaknanda, some 80 miles over mountain and valley, due north

of Naini Tal. The bed of the river is about 5,000 feet, and the hill on the right

bank, from which the mass fell, has a height of about 9,000 feet above sea-level.

On the 22nd of September, a tremendous mass of rock material was detached,

leaving an almost perpendicular section of hill face 4,000 feet high. The force of

the fall carried the rocks and dibris from the right bank, right across the valley

of the river and half-way up the steeply scarped hill on the left bank ; after

which the mass settled down again in the river bed forming a dam with a big slope

up against the hill on the left bank ; the consequence being that there is now an

appearance as if a portion of the dam had been formed by a big slip from the

steeply scarped hill of this side of the valley also. Further slips which took place

during heavy rain in October have piled up the dam on the right bank against the

hill on that side, so that the top of the dam has a large depression in the centre
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some 150 feet or more, between two sloping mounds of rocks and smaller debris.

The dam itself is a very massive affair, being largely composed of enormous masses

of rock, some of which are calculated to be more than a thousand tons in

weight. There is, in addition, a very large admixture of smaller detritus and

broken rock, and a thick layer of impalpable powder which gives the whole place

the character of being covered with white clay dust, which Colonel Pulford likens

to the country about Vesuvius after an eruption. The dam may be taken

roughly to be 900 feet high, 2,000 feet broad at the top, and 1,100 feet at base along

the valley, and 3,000 feet long at top, and 600 feet at bottom across the valley.

The bed of the river slopes at about 250 feet in the mile ; and the depth of water

in the newly-formed lake on the 13th and 14th December was 450 feet, the water

then rising at the rate of 8 inches a day, though the flow of water in the mountain

rivers was then at its slackest. Colonel Pulford writes as follows, on the probable

future rise of water and the ultimate condition of the dam :—

" The present amount of water running into the lake is roughly about 260 cubic

feet per second. During the winter rains there will be the addition due to a 12

inches fall over 84 square miles, which is the area drained by the river above the dam-

The increase due to the snow-melting may be put at 2,120 cubic feet per second.

" Taking these several additional sources of supply into account, there seems

every reason to suppose that the rise of water in the lake will be as follows :—

" Area of lake at present equals roughly 1 square mile—

"(a) Rainfall of 12 inches over 84 square miles = 5,28o8x 1 x 84 cubic feet,

which for one square mile of lake gives a rise of 84 feet,

"(i) In addition to rainfall there will be rise due to the present rate of inflow

of, say, 8 inches per day up to date of snow beginning to melt, say, 1st April

1894. Up to that date, therefore, the rise in lake due to ordinary inflow

will be 8 inches x 1 10 days = 73 feet. Up to 1st April 1894, therefore,

the total rise will be 84 feet + 73 feet = 157 feet, leaving a margin

of 350 — 157 = 193 feet from water-level to top of dam. Now the rate

of rise due to snow-water influx will be eight times that due to the

present ordinary flow of the river, since the floodmarks show that

during snow-melting (as above stated) the river flow is 2,120 cubic

feet per second, whilst present flow is 260 cubic feet per second. This,

it is seen, gives a rise of 8 inches daily ; and hence the rise to snow-

melting may be put at 8 x 8 inches = 64 inches, or as the area of the

lake will be increasing and slopes of hillside are about 350, we may put

this rise at 48 inches, or 4 feet per diem. Hence it will require L~

days = 48 days after 1st April 1894 for the lake water to rise to the

top of the dam. The date of this event may therefore be placed at

about the middle of May 1894. As to what will take place when the water

passes over the dam, it is difficult to speak with any approach to

certainty. The first rush of water will necessarily be very severe, and

I think that at least 250 feet or so of the dam at the top will gradually

be carried away. After that it may possibly happen that the main

portion of the dam will get thoroughly jammed and consolidated

together so as to form a permanent lake with a natural outfall over the

big rocks forming the dam."
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Colonel Pulford also adds an account of a previous occurrence of the like

kind :—

" A few years ago a very heavy flood was caused in the same river Birhi Ganga

and Alaknunda by a heavy landslip falling into a lake which had been formed

some 8 or 9 miles higher up the valley than the present slip. The lake was

called Gudyar Tal, and had been in existence for many years ; probably it had

been formed originally by a similar slip to the one at Gohna. The result of the

heavy slip falling into the lake was that the entire basin was filled up and the water

forced over the dam which held it up down into the bed of the stream. This

occurred in 1869 during the rains, and the results were very disastrous. A large

number of pilgrims and others were drowned, and the lower part of Srinagar Bazar

was washed away, and the lower end of Nand Pryag bridge was washed away. In

addition the bridge at Chamoli, wnich is 12 miles below Gohna, was destroyed.

Many of the bridges now up were not erected at the time of this heavy flood.

They tell me that all trace of the former lake has been obliterated, and the channel

is now very much like the other watercourses near it."

List of Assays and Examinations made in the Laboratory, Geological

Survey of India, during the months of November and December 1I93

and January 1894.

Substance. For whom. Result.

One specimen of coke H. Macleod, Bengal Coal

Co., Ld., Calcutta.

Proximate analysis with calorific power and

sulphur determination.

One specimen of quartz

schist with iron pyrites .

F. T. Vernbr Assayed for gold.

One specimen of chlorite

schist with copper pyrites.

Kilburn & Co., Calcutta. Analysed for copper.

One specimen of quartz

with iron pyrites.

H. C. Miller, District

Engineer, E. 1. R.,

Howrah.

Assayed for gold.

One specimen of coal, from

Japan.

H. Macleod, Bengal Coal

Co., Ld., Calcutta.

Prozimate analysis with caloiific power.

One specimen of coal, from

the Ramnagar quarry,

Barakar.

Maharani Hara Sundri

Uavi, Scarsole, Rajbati.

Proximate analysis with calorific power.

One specimen of coarse

river sand consisting

chiefly of quartz, spinel,

garnet, magnetic iron,

bits of slate, and mica.

Balmer, Lawrie & Co.,

Calcutta.

Assayed for gold.

One specimen of quartz,

with iron pyrites, from

the "Rees Reef," Pahar-

diah.

A. Mbrvyn-Smith, Orient

al Prospecting Syndicate,

Ld., Calcutta.

Assayed for gold.
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List of Assays and Examinations made in the Laboratory, Geological

Survey oj India, during the months of November and December i8g3

and January 1894— contd.

Substance. For whom. Result.

A specimen from the bed of

the Atrai River, Joyganj,

Dinajpur District, suppos-|

ed to be peat.

One specimen of " Blanket

sands," and one specimen

of quartz with chlorite

schist and iron pyrites,

from Chota Nagpore.

One specimen of coal

A specimen found in the

Garhwal District, sup

posed to be molybdenite

or sternbergite.

A specimen of limon'te

crystals from Chaibasa,

supposed to be mangani-

ferous.

A specimen '* from an old

pit (in tbe transitions)

Nawanagari, Sihaol

Tahsil, Rewah State,

dose to rich iron -ores"

for indication of any other

n.etal.

Two specimens for examina

tion.

A packet of " stones found

in an old ruby mine near

Papun, Salween District,

Tenasserim," for repoi t.

Specimens from the Karhar

bari coal-field, for exa

mination.

W. C. Macpherson,

I.C.S. Officiating Director

Department of Land

Records and Agriculture,

Bengal.

A. Mervyn-Smith, Orient

al Prospecting Syndicate,

Ld., Calcutta.

Quantity received, i$lbs.

Moisture . . . 2o'o6

Volatile matter, exclusive

of moisture . . 30' iS

Fixed carbon . . lo'orj

Ash .... 39*72

Dons not cake.

Ash, reddish brown.

Assayed for gold.

loo'oo

Gillandprs, Arbuthnot, Proximate analysis with calorific power
n- 1 and sulphur determination.& Co., Calcutta.

W. R. Partridge, i.c.s.,

Deputy Commissioner,

Garhwal.

A. W. Walker, Chaibasa,

Singbhum.

P. N. Bose, Geological

Survey of India.

S. B. Boss, Geologist to

the Nepal Government,

Nepal.

Harry L. Tilly, Secre

tary to the Financial

Commissioner, Burma.

W. Saise, Manager, E. I.

R. Co.'s. Collieries, Kar

harbari, Giridih.

Carbonaceous shale (graphitic).

Tested for manganese.

Tested for gold—contains none.

= Iron pyrites, and artificial glass.

Small fragments of- spinels and garnets of

kinds often found associated with rubies,

and as often not so found. In themselves

they indicate nothing of value.

Karharbari Coal-field.

Fine-grained olivine dolerite.

Karharbari coal-field. Intrusive Lower

Seam — Dyke No. 5 or Jogitand dyke of

Hughes Memoirs. Geological Survey of

India, Vol. VII, 23g.

Biotite amphibole peridotite.

800 ft. above main seam.

Olivine dolerite.

Ranigang coal-field.

Calcareous and micaceous sandstone.



38 Records of the Geological Survey of India. [VOL. xxvil.

List of Assays and Examinations made in the Laboratory, Geological

Survey of India, during the months of November and December 1893

and January i8g4—contd.

Substance. For whom. Result.

Raneeganj Coal-field.

Calcareous and micaceous sandstone.

Raneeganj Coal-field.

Quartz-schist with green muscovite and

eyes of calcite.

Rock from Bhal Hill.

Consists of quartz and felspar crystals with

small quantities of brown felsitic, or even

glassy matrix with microlites like the

matrix of a rhyolite. The quartz crystals

show distinct signs of secondary enlarge

ment, the older grains being full of

bubbles and bands of inclusions. The

rock appears to be a felspathic grit which

has been partially fused.

Raneeganj Coal-field, Raneeganj A. series,

Balrooi seam horiaon.

Specimens of rocks from

Bellary.

R. Bruce Foote, late Geo

logical Survey of India.

Decomposed " mica-trap '

ginaliy mira-peridotite.

probably ori-

B. Intrusive in Karharbari Loner

Decomposed " mica-trap."

C. Karharbari Coal-field.

Slightly micaceous sandstone with angular

quartz-crystals and ferruginous cement.

D. Karharbari Coal-field, Lower seam.

Micaceous sandstone with angular quartz

crystals.

E. Karharbari Coal-field.

Clay.

In the Pass south of Halakandi, Bellary.

t3j 26-1S6. Slide tigs.

Epidiorite, approaching hornblende schist.

Actinolitic hornblende, quartz-felspar,

mosaic and magnetite. S. G. 3*97.

Kudalami, Bellary.

,|T 1-2S6. Slide 1196.

Olivine-augite-enstatite-biotite-a n or t hi t e

rock. The dusty magnetite present is a

result of alteration principally of olivine-

serpentine also in small quantities ; other

wise the rock has a fresh appearance.

Olivine in rounded grains is the oldest

constituent; plagioclase- felspar (basic

varieties) the youngest j the intermediate

minerals are not so easily determined.

Enstatite, slightly pleochroic. S. G.

3'M-
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West of Tekkaltota, Bcllary Taluq.

t5i 13-12-86. Slide 1197.

Grey rock approximating granite in com

position, but quartz and felspar crystals

have been smashed into a schistose

mosaic with production of fine mylonitic

structure. 5. G. 2'68.

From a " neck" Devsurruguddu Id.

Falls of Kistna, Raichur Doab.

T5¥ 2I-2-8S. Slide 1198.

Quartz and felspar in felsitic base, which

has turned red by oxidation of the iron.

S. G. 2-52.

Black hill. West of Maski, Raichur Doab.

,Jx 13-2-88. Slide 1199.

Diorite with large porphyritic crystals of

hornblende. Rock considerably altered

with formation of epidote. S. G. 3*03.

Inlier South ofManur, Bellary Taluq.

ih '5-3-88. Slide 1200.

Quartz-diorite. Quartz in part secondary,

clear granules. Kaolinized felspars some

at least plagioclase. Green hornblende

and a green pleochroic mica, sphene in

considerable quantity. Iron ores as mag

netic granules. S. G. 2'8i.

Near Yemmigamtr, Bellary Taluq,

¥?a 20 3-58. Slide 1201.

Quartz-diorite. Felspars highly kaolinized.

Epidote in small quantities. Green

hornblende and a chloritic mineral ;

magnetite practically absent. S. G. 2*85.

Hill, South of Kurnool District.

ft, 30-11-88. Slide 1202.

Granulite with quartz, orthoclase, pleo

chroic mica, hornblende, sphene and

plagioclase. Fine-grained granular, in

places granitic in structure. S. G. 2*67.

Tornagal Hill, Hospett Taluq, Bellary.

B5T 6-4S8.

Hornblende granite with porphyritic crystals

of orthoclase. S. G. 2*71.

South of Nilgunda, Harapanahalli Taluq,

Bellary.
■As iy'2-89.

Pyroxenite approaching eucrite. S. G.

3'22-
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Yenkatampalli, 6 miles east of Uravah***-

da Guli Taluq, Anantapur.

ill 29-1-85.

Fine-grained diorite approaching aphanite.

S. G. 3-07.

Mudkalpenta, South-East Volley, Sandur,

Bellary.

!§! io-3-S6. Slide mg.

Aphanite. S. G. 3"oS.

[South-West of Uravakonda, Guti Taluq,

Anantapur.

,gg 23-1-85. Slide 1214.

Large rounded crystals of orthoclase and

pfagioclase embedded in a microgranitic

aggregate of quartz, felspar, hornblende

and occasional sphenes. S. G. 2'6g.

Dyke East of Uparhally, Hospett Taluq,

Biliary.

jIt 3-3-86. Slide 12iS.

Augite-diorite, fine-grained. Identical with

many of the dark-coloured dykes of

Southern India. S. G. 3-o3.

Daroje, Hospett Taluq, Bellary.

if» 23-4-85. Slide 1216.

Aphanite, with highly kaolinized, porphyritic

crystals of felspar. S. G. 3M9.

Devadura spur, Sandur Hills, Bellary.

I?i 2S-3-S6. Slide 1234.

Rock composed principally of quartz and

felspar, some of the latter being plagio-

clastic. Micrographic intergrowths are

common. Brown patches of iron oxide

occurring in large quantities may be the

remains of some original ferro-magnesian

silicate ; calcite has been formed in fairly

large quantities. Isolated crystals of

pyrites. S. G. 2 60.

South of Hurina, Haddgalli, Bellary.

ihs 16-4-86. Slide 1205.

Micro-granulitic aggregate of quartz, felspar,

hornblende, garnet, and possibly some

other minerals. Banding displayed.

Nature of original rock unknown. S. G.

2*94-

Halakandi Pass, Bellary.

,f5 26-1-86. Slide 121A.

Augite-andesite-olivine-free basalt. Crys

tals of colourless augite and plagio-

clase set in a fine-grained matrix of

magnetite, augite felspar, and possibly

vitreous material. S. G. 3'03.
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West o/Halakandi, Bellary.

{fa. 27-1-86. Slide 1207.

Hornblende schist.

West by South of Yettan Budihal, Bel

lary.

jfj. 21-1S6. Slide 1208.

Epidiorite. Large crystals of green horn

blende in micrpgranular matrix of quartz

and felspar with granular sphene, (?) rutile

magnetite and colourless (?) augite. S. G.

3-98.

KarigattaHill, East of Seringapatam Id.,

Mysore.

fa. 15-2-87. Slide 12IT.

Diorite-felsite : felsitic base with porphvritic

crystals of plagioclase, hornblende (par*

tially converted to epidote and chlorite),

sphene and magnetite. S. G. 2*62.

Ram Drug, Alur Taluk, Bellary,

if,. 21-1-87. Slide I2lt.

Hornblende-granitite wittTsphene and pleo-

chroic mica. S. G.;2'66.

Verupur Hill, Bellary Taluq,

tS5. 13-12-87. Slide 1213.

■ Augite-syenite. Augites green and slightly

pleochroic with green hornblende. Con

siderable quantities of plagioclase

amongst the smaller crystals, hence ap

proaches a diorite. S. G. 2'8i.

■ Close to road between Permadavanhalli

Bungalow and Joladarathi, Bellary

Taluq.

and ■t\%.3o-it-86. Slides' 1210,1221 ,1222

" Blotchy diorite." Highly decomposed

porphyritic diorite in which epidote,

calcite, chlorite, kaolin and quartz have

been formed as secondary minerals.

S. G. of «f* = 3-02; S.G. of jfo — 270.

Specific gravity necessarily variable in

different specimens.

Mudikalpenta, Soutk East Valley, Sandur,

Bellary.

J7. 20-3-86. Slide l Ho.

Decomposed aphanite. S. G. 3*03.

South of Nilgunda, HarapanahalU, Taluq

Bellary.

.fa." 17-12-89. Slide 1233.

Pyroxenite, approaching eucrite.
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Rocks from the Khojak

Range.
C. L. Griesbach, Geo

logical Survey of I ndia.
A.—Main mass of Range north of the

Gwajaha defile, South-East of Khwaja

Amran.

Granitic in structure. 8. G. 3*64.

Composed of orthoclase much kaolinized

and often in form of microcline. Quarts

frequently intergrown with the orthoclase

forming imperfect micro-graphic structure.

Plagioclase-ie\spats, often zoned by

successive growths of increasing acidity.

Biotite in small crystals generally as

nest-like aggregates. Magnetite generally

with the biotite. Sphene very rare.

Minerals given in order of approximate

proportions. The rock may be named

Biotite-Granite approaching granitite (=

Granitite of Rosenbusch).

belt," Gwajxha defile, south-west of the

Khwaja Amran.

Granitic or micro-granitic in structure,

beautifully micro-graphic in places. S.

G. 2 68.

The rock approaches A. in composition, but

is slightly more basic and contains less

potasn-felspar. Biotite is present in larger

quantities, but still in small bunches, and in

the plagioclase crystals, granules of epidote

have been developed in considerable quan

tity from the kaolinized felspar. Magnetite

is also present and more rarely sphene. A

rock with this mineral composition and

structure might occur as a dyke-like exten

sion from a main mass like A. ^Granitite

approaching quartz-diorite.

C.—Ntar South-West end ofthe ridge ofA .

Gwajaha defile, South-West oj khwaja

Amran.

Granitic to micro-granitic in structure, and

occasionally micro-graphic. S.G. 272.

More basic than B. with more plentiful

development of biotite and plagioclase.

Apatite is present also in large numbers of

minute acicular crystals. Granular mag

netite and sphene more abundant. The

quartz often (n micro-graphic intergrowths

with the felspar. Plagioclase almost in

variably zoned, the cores of more basic ma

terial being generally kaolinized. Rock

=Quartz-biotite diorite.

D.—From main mass of " Trap-belt " near

C. Gwajeha defile.

Granitic in structure approaching gran-

ulitic. S. G. 2-89.
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Hornblende decidedly the most abundant

constituent. Pleochroism, a=yellowish-

green, b — grass green £—blue green.

Plagioclase in zoned crystals is the next

most abundant mineral. Biotite, quartz,

magnetite and sphene in smaller quanti

ties. Epidote and calcite occur as the re

sult of secondary alteration. — Diorite.

Note.—The biotite in all four of the above

rocks shows the same kind of greenish

pleochroism. The differences in mineral

composition might easily be obtained in

rocks derived from the same magma at

different periods of consolidation.

E.—Prom outer margin ofthe "Trap-belt,"

Gwajtha defile.

The main mass of the rock resembles an

epidiorite or a rock formed as the result

of decomposition and slight crushing of

D. The plagioclase-felspar crystals are

highly kaolinized, but still show their

lamellar twinning. The hornblende and

biotite have contributed to the formation

of chlorite, but fragments of the original

minerals still preserve their optical char

acters sufficiently for recognition. But

there are streaks and patches of brown

material with small granular augites and

magnetites in a fine-grained groundmass

like that of a basaltic andesite, and the

patches being very ill defined they sug

gest partial re-fusion of the rock in some

manner not explainable from the hand

specimen alone. Veins of calcite and

granular quartz have been produced since

the above changes took place in the rock.

F.—From the outer margin of the " Trap-

band," Gwajtha defile.

Development of pistacite (epidote) in a rock

similar to D. or E. Calcite and granular

quartz have developed also as the result

of secondary action with the epidote.

Acicular actinolite, magnetite, etc., occur

as relics of the original rock. S. G. j'16.

G.~From margin of " Trap-belt," Gwaj-

eha defile.

Highly crushed aggregate of quartz, fels

par and biotite with small quantities of

magnetite. Some of the felspar is ortho-

clastic and the rock might very well be

simply a crushed form of a type either

identical with or closely related to A.
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H.—From the margin of the " Trap-belt,"

Gwajsha defile.

A brccciated and crushed microgranitic rock

approaching A in composition but very

much more finely grained. Ferruginous

material cementing the fragments. Cracks

produced since brecciation and cementa

tion have been in-filled with calcite.

/.—From margin of " Trap-belt, " Gnaj-

tha defile.

Diorite containing patches of fine-grained

rock like those in E. Kpidote occurs in

small quantity. The rock seems identical

with E, and it must have been in this rock

that the epidote of F was produced .

L.—Margin of " Trap-belt " and Gvsajsha

pass.

Granular aggregate of plagioclase, (?) or-

thoclase, quartz, magnetite and a decom

posed ferro-magnesian silicate, probably

biotite. Origin of rock doubtful, probably

igneous.

K.—From margin of " Trap-belt," Gwaj-

»ha defile.

Finely laminated and decomposed rock,

possibly orginally similar to L.

M.—From margin of " Trap-belt," Gwaj~

aha defile.

Foliated variety of D, E, or I. Now in the

form of a hornblende-schist.

N.—From grit- beds North-East margin to

the Khwaj'a Amran mass of igneous

rocks.

A composite grit in which the grains are

cemented and available crevices in-filled

with calcite. Grains imperfectly rounded;

many of them seem, however, to have

been attacked by the infiltrated carbonate

of lime, or to have been deformed by pres

sure. The minerals and rocks are of

comparatively low specific gravity—avera

ging about 2*65; and isolated fragments of

heavy minerals are absent. Quartz frag

ments with bands of inclusions like those

of plutonic rocks are common and might

of course have been derived from any

granite or quartz bearing crystalline rock.

Fragments of plagioclase, orthoclase,

felspar occur as isolated grains ; but most

of the felspar occur as constituents of

rock fragments. Flakes of biotite are

mostly changed in part to chlorite.

I - 1
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Of the rock fragments there are fairly fresh

specimens of a rhyolite with bipyramidal

and corroded quarts crystals, a consider

able amount of plagtodase amongst the

felspathic constituents, and colourless and

coloured mica in a felsitic or vitreous

matrix showing distinct flow-structures

and imperfect spheral i t ic and axiolitic

aggregations of microlites. A rock of this

type might very well be a volcanic repre

sentative of the granitits A. There are

also fragments of andesites, bits of

diorites with similar developments of

epidote, rare pieces of granophyre (micro-

graphic intergrowths of quartz and

felspar) ; but nothing distinctly basic in

character; in fact the grit seems com

posed of fragments of the rocks A to M,

together with pieces of volcanic origin,

possibly representative of that series.

O.—From the volcanic grit-beds North-

Edit of the Khwaja Amran mass.

The fragments are sub-angular to rounded

as in the former ca*e ; but although

calcite is again present in infilling cracks,

the cementing material is much more

ferruginous in character and some of the

granules appear to be ferruginous clay

with cracks infilled with calcite like

minute septarian nodules. Whilst granules

of quartz are present in this grit it is

by no means so plentiful as in the case of

N, and the rock granules are moreover

almost wholly of the dioritic series with con

siderable display of epidote. The aver

age specific gravity of the fragments is

271, and thus as might be expected heavier

than those of N. Some 01 these are dis

tinctly foliated.

P.—From the shaley portion of the grit-

beds Ncrth-East portion of the Khwaja

Amran mass.

Compact mass of calcareous clay with

minute quartz grains.

Q.—Nummulitic limestone close to the

base of "Kojak " shales, near Spintitha.

(Not further examined).

X.—From the " trappoid " beds in the

Chehtltan range, West of Quetta.

Small fragments of quartz, quartzfte, and

intermediate igneous rocks (diorites and

andesites) ; limestone and mica-plates are

cemented with argillaceous material.

Cracks are filled with calcite which has

infiltrated into all available crevices.
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and December 1893 and January 1894, published in the " Gazette

of India," Part II.—Leave.

Department.
No. of order

and date.
Name of officer.

Nature of

leave.

With effect

from

Date of

return.
Remarks.

Revenue and Agri

cultural Depart

ment.

No. dated
320*

W. B. D. Edwards,

Assistant Super

intendent, Geo

logical Survey.

Furlough

on Medi

cal Certi

ficate.

4th Nov

ember

•893-

... ...

24th Novem

ber 1893.

Annual increments to graded officers sanctioned by the Government of

India during November and December 1893 and January 1894.

Name of Officer. From To
With effect

from

No. and date

of sanction.
Remarks.

Dr. F. Noetling, Palaeontolo

gist, Geological Survey.

700 750 1st October Revenue and Agri

cultural Depart

ment No.

dated 8th Nov

ember 1893.

C. S. Middlemiss, Deputy

Superintendent, Geological

Survey.

66o 700 1st November

1893.

Revenue and Agri

cultural Depart-
. aSio

ment No. ,

dated 22nd Nov

ember 1893.

Notifications by the Government of India during the months ofNovember

and December 1893 and January 1894, published in the " Gazette of

India," Part I. — Appointment, Confirmation, Promotion, Reversion

and Retirement.

Department.

No. of

order and

date.

Name of

Officer.
From To

Nature of

appoint

ment, etc.

With

effect

from

Remarks.

Revenue and

Agricultural

Department. dated 12th

Dr. H.

Warth.

Officiating

Su perintend-

ent, Gov

ernment

Central

Museum,

Madras.

Deputy Su

perintend

ent, Geolo

gical Sur

vey.

Substantive,

permanent.

4th De

cember

1893.

January

1894.
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Postal and Telegraphic Addresses of Officers.

Name of Officer. Postal address. Nearest Telegraph Office.

On furlough.

Loralai • • Loralai.

On furlough.

P. N. Boss Rewa . • Rewa.

T. H. D. LaTouchb .... Sukkur • Sukkur.

Jalarpct ■ • Jalarpet.

W. B. D. Edwards .... On furlough.

P. N. Datta Bhandara Bhandara.

F. H. Smith Harnai • Harnai.

Calcutta Calcutta.

Calcutta • Calcutta.

Babar Kach ■ ■ Babar Kach.
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Note on the Chemical qualities of petroleum from Burma ; by PROFESSOR

Dr. Engler (Karlsruhe). (Translated by Dr. FRITZ NOETLING, G.S.I.)

According to the localities, four different kinds of petroleum were received, viz;—

(:) Petroleum from Yenangyat.

(2) „ „ Kodoung.1

(3) 11 i. Twingon.

• (4) „ „ Minbu.

The quantity not being sufficient to permit of photometric investigations, the

petroleum was chiefly examined with regard to specific gravity and the products of

fractional distillation.

The whole character of the oil, particularly the relation between the specific

gravity and the boiling point cf the single fractions, proves with some certainty,

that the oil from Burma chiefly consists of hydrocarbons of the C„ H^+j group ;

napthenes could be discovered in small quantities only. The oil from Minbu forms

however an exception, because it probably contains, besides the first mentioned

hydrocarbons, a larger quantity of napthenes (C„ Hs„); the comparatively speaking

liquid quality of fractions of a high boiling point seems to favour this supposition.

/.—Petroleum from Yenangyat.

1. From well No. 15.

Colour : Greenish brown in thin films, green by reflected light.

Specific gravity, 0'82I4 at 30° C.

Melting point, 26° C.

Begins to boil at 130° C.

Fractional distillation.''

Oil distilling—

Below 1500 C. 17-8 vol. 7,

Between 150° C. and 175° C.

„ 175° C. and aoo" C.

2000 C. „ 835° C.

„ 925° C. „ 250" C.

250° C „ 275" C.

275° C. „ 300" C.

300° C. „ 4°o° C. 30 8

Loss ........ 2-0

80

79

86

9'2 „ „ \ Specific gravity

7 7 i, 11 I ranging from

8 0 „ „ \ 0765 to 0-850.

■ Kodoung and Twingon form the central and northern parts of the Yenangyoung oil field.— Tram

* All the analyses hare been carried out with Engler's Normal distillation apparatus (vidt Chemisch

techniBcbc Analyse, von 1. Post. II. Aufl. Bd. i, p. in).
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All fractional products below 3000 C. smell only slightly, are of water white

colour, and do not fluoresce. At a temperature of io°C. paraffin crystallises from

the fraction 2750 to 300*.

The fractional products above 3000 C. have a gradually intensifying yellow

colour, and congeal to a firm crystalline mass at the ordinary temperature.

Fraction 300° to 325° O. melts at 18° C.

>. 325° to 350° C. „ „ a4° C.

35o° to 3750 C. „ „ 36 5° C.

„ 375° to 400° C. „ „ 40° C.

The last- mentioned fractions of high boiling point could be used for the

manufacture of lubricating oil and paraffin wax.

Crude oil of this type yields-

Light oil (flashing point below 1500 C.) . 17*8 vol. % of °'7^ specific gravity.

Illuminating oil (ditto from 150° to 300") 49/4 „ „ „ 0*20 „ „

Lubricating oil and paraffin wax . . 30 8 „ „ „ 0*838 „ „

About § of the fraction below i5o°C. could be added to the illuminating oil

without lowering its flashing point to a dangerous degree ; thus the" total percentage

of illuminating oil could be raised to about 60%

2. Analysis of a mixed sample.

Specific gravity 0*8160.

Melting point 27-5° C.

• Boiling point 120° C. to 125° C.

Fractional distillation.

Oil distilling—

Below 150° C

Between 150" C and 1750 C.

175° C. „ 2O08C.

„ 200° C. „ 225° C. 77 „ „ y Specific gravity

„ 225° C. „ 250° C. 8-8 „ „ f ranging from

„ 250° C. „ 275° C. 8-5 „ „ \ 0 755 to 0 845.

275° C. „ 3°o0C.

The qualities are the same as those of the oil from well No. 15. The fractions

above 3000 gradually become more yellow in colour, begin to smell, and congeal

according to the following table:—

Fraction 300° C. to 325° melts at 2rs° C.

.. 325° C. „ 350° „ „ 24° C.

3So°C „ 375° „ „ 37-5° C.

375° C. „ 4000 „ „ 408 C.

The qualities of these heavier oils are the same as those of oil from well No. 15.

A mixed sample of oil from Yenangyat would therefore yield:—

Light oil (flashing point below 150°) . . 18-6 vol. 7„ of 0755 specific gravity.

Illuminating oil (ditto from 150° to 300°) 49-6 „ „ „ 0'8i6 „ „

Lubricating oil and paraffin wax . . 28*3 „ „ „ 0 837 „ „

 

I II I i i I MM III I II
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The percentage of illuminating oil could however be raised up to 60 % Dv add

ing a part of the lighter oils.

II.—Petroleum from Kodoung,

Colour : Fine reddish brown in thin films, fluorescing green by reflected light.

Specific gravity . 0*8726 at 33° C.

Melting point . 31s C

Boiling point 135° to 140° C.

Fractional distillation.

Oil distilling—

Below I50°C 4.3 vol. <y

Between 150° C. and 175° C. .

„ 175° C. „ 2000 C. .

„ aoo°C. „ 225° C. .

„ 225°C. „ 250° C. .

» 250° C. „ 275°C. .

•» 375° C. „ 3000 C. .

3*4 ■>

4*6 " y SPecific g™»'ty

7 9 1 L ranSin2 fr°m

8-4 \ °755 to 0-875.

• >°7 ,

The distilled oil is nearly water white; from 2000 upwards the oil shows a distinct,

although not unpleasant smell. Above 3000 the colour changes to yellow and

fractions congeal at the ordinary temperature.

Fraction 300 to 325° C. melts at 130 C.

,. 32S .1 35o° C. „ „ fl<5° C.

.1 35o „ 375° C 310 C.

375" ». 4oo° C 34" C.

The fractions from 3500 to 3750 amount to about £ of the total quantity of oil

boiling between 300° to 4000 C, and could be used for the manufacture of lubricat

ing oil and paraffin wax.

Crude oil of this type yielded—

Light oil (flashing point below 150° C.) . 4'3 vol. "/<, pf °"755 specific gravity.

Illuminating oil (ditto from 1 So" to 300°) . 38-8,, „ ,,0-849 „ „

Lubricating oil and paraffin wax . . 50*4 „ „ „ 0-895 „ „

Without any danger the light oils may be added to the burning oil proper, thus

raising the total percentage of burning oil to about 42 vol. %» hut the specific

gravity of this oil would be so high as to require specially constructed lamps in

order to prevent the smoking.

—Petroleumfrom Twt'ngon, well No. 15.

Colour: Reddish brown in thin films, fluorescing green by reflected light.

Specific gravity 0-8653 at 32° C.

Melting point 31" C.

Boiling point 130° to 135° C.
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Fractional distillation.

Oil distilling—

Below I50°C 5 5 vol. "/.N

Between 150° C. and 1750 C. . . . 3*1 » » J

1750 C. „ 200°C. . . . fo „ „ f Specific gravity

200° C. „ 225° C. . . .5*6 „ „ > ranging from

2250 C. „ 250* C. . . .6-4 „ „ I 07SS to 0-865.

„ 250° C. „ 27s0 C. . . . 9-3 » » \

275° C. „ 3000 C. • . . . 10 4 „ „ J

The fractions show the greatest similiarity with those from Kodoung, the only

difference exists with regard to the smell. Fractions above 3000 are solid at ordi

nary temperatures, except the fraction 300—3250, which is semi-solid.

Fraction 3000 to 325° melts at 14° C.

„ 32S° ,. 35o° „ „ 23* C.

,. 3So° „ 375° „ „ 33° C.

375° .. 4oo° „ „ 330 C. •

As with the Kodoung oil the fraction 3300 to 3750 forms the largest part, about

of the total, and can be used for the manufacture of lubricating oil and paraffin

wax.

Crude oil of this kind yielded—

Light oil (flashing point below 150° C.) . S'S vol. "/. of 0755 specific gravity.

Illuminating oil (ditto from 150° to 2000 C.) 38-8 „ ,,0-843 „ „

Lubricating oil and paraffin wax . . 48-7 „ „ o-888 „ „

If the light oils be added to the illuminating oil, which may be done without

any danger, the percentage of the latter can be raised to about 40 vol. %"• tne oil

must, however, be burnt in specially constructed lamps, owing to its high specific

gravity.

IV.-—Petroleum from Minbu.

Colours In thin films, dirty brown ; reddish brown without fluorescence by reflected light.

Specific gravity, 1002 13 at 30° C.

„ „ roos „ 25° C.

,, 0 984 „ 50" C.

On account of the remarkable viscosity of this oil the melting point could not

be determined. It is, however, liquid at the ordinary temperature. Below 3000

only water distills ; it only begins to boil at 3000, and therefore contains no con

stituents from which illuminating oil could be manufactured.

Fractional distillation.

Below 3000 C 2 vol. c/0 (water).

Between 3000 C. and 325° C 8-3 „ „ of 0-920 specific gravity

„ 33S° C. „ 350° C 49-7 „ „ „ 0 938 „ „

„ 35°° C. „ 375° C 18-7 „ „ „ 0-972 „ „

Balance about . . . . . . . 21 ,,

Unlike fractions of the other oil-samples boiling above 3000, those of the
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Minbu oil are all liquid at the ordinary temperature, of a brown colour, and resem

ble in this respect the high-boiling fractions of the petroleum from Baku, which

chiefly consist of napthenes.

The subjoined table will show the composiiion of various samples of crude oil

from Upper Burma with regard to their economic value :—

Light oils Ulurqinating Lubricating Remain-

(below 150" C.) oil (150° to oil and paraf- der and

300° C.) fin wax. loss.

I Petroleum from Yenangyat Well No. IS- 17-8 vol. °/0 49-4 vol. "/„ 30-8 vol. "/„ 2 vol.

I n » •• (mixed) 18-6 „ „ 49^6 „ „ 38-3 „ „ 3 5 „ „

II „ „ Kodoung . . 4-3 „ „ 38-8 „ „ 504 „ „ 6'5 „ „

HI „ ,, Twingon . . 5-5 „ „ 388 „ „ 487 „ „ 7 „ „

,* n Minbu . • ... ... 76'7 „ ,, 2i'3 „ „•

It must be specially noted that the oil samples I, II, and III while being of a vis

cous character at ordinary temperatures, contain a high percentage of lighter oils

especially illuminating oil. Up to now I have never found similar oils, which

being of the same consistency, contain such a high percentage of illuminating oil.

Note on the Singareni Coalfield, Hyderabad (Deccan). By WALTER SAISE,

D.Sc, F.G.S., Manager, East Indian Railway Collieries.t (With map

and 3 plates of sections.)

The original note on this field is to be found in the Records.Geological Survey

of India, Vol.V, Part 2 of 187a, where Dr. W. King's discovery of the coalfield is

announced.

The borings made by the Nizam's Government and the working of an extensive

colliery by the Hyderabad (Deccan) Company, have resulted in information which

enables a corrected map of the field and a section of the measures, as well as sec

tions showing the structure of the field to be issued.

The coalfield is an elongated patch, 13 J miles long, and 3J broad in the widest

part. The long axis runs approximately north-north-east and south-south-west.

The formations consist of, in descending order :—

Kamthis.

Baralcars.

Talchirs.

The character of these are fully described in Dr. King's paper ; the only point

to be noted is the marked unconformity of the K amthis on the Barakars. The

* > vol. "/o water.

t Dr. Saise while reporting on this coalfield last year for the Hyderabad (Deccan) Mining

Co., Ld., made the accompanying map and sections, to which, at my request, he has oblig

ingly added this note, and now permits of their publication in the Records.— Ed.
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seams of coal crop right up against the overlying Kamthis, and at these out

crops the coal is damaged and useless, shewing that the outcrops were weathered

before the Kamthis were deposited. The boundaries of the field are faulted except

at the north where the Talchirs lie naturally on the older rocks.

The preservation of the coal-measures between trough faults is characteristically

Indian. The Ranigunj, Jherriah, and Karharbari Coalfields are similar instances.

The Barakars are faulted against the older rocks wherever exposed, and the

Kamthis also. As the Kamthis are younger than the Barakars, this appearance is

to be explained by the fact that disturbances tend to follow old lines of fracture,

and the same faults that defined the extent of the Barakars and Talchirs also

defined at a later date the general area of the Kamthis.

Seeing that the coalfield lies between the Gneiss and the Vindhians, I should

be inclined to suspect a line or lines of fracture between these formations as the

leading cause of the preservation of this patch of coal-measures.

The plate of the correlations shows that there are several seams besides the

King Seam.

The thick coal seam is made up of many bands. It has not been opened out or

explored to any extent. An assay of part of the thick coal gave the following per

centages—

The King seam, which is of uniform quality, is the best in the field and is being

extensively worked. The composition is :—

It is a good steam-coal but will not coke.

Sections measured by me varied from 3 feet 9 inches to 6 feet in thickness. In

this variation it agrees with Indian seams. Allowing 4 feet 9 inches as the average

thickness, and taking the area of this seam at 9 square miles, there are, after allowing;

20% for wasteage, 36,000,000 tons left to be gotten.

The other seams will no doubt receive attention in time to come.

Fixed carbon

Volatile matter

Ash
34-5

130

Volatile matter

Fixed carbon

Moisture

Ash

25-25

56 50

7 60

1065
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Report on the Gohna Landslip, Garhwal. By THOMAS H. HOLLAND,

A.R.C.S., F.G.S., Geological Survey of India. (With 5 plates and 2

maps).

CONTENTS.

Introduction. Section i.

I. Geographical and Geological features—

Section 2. Gohna village.

„ 3. The Birahi Ganga valley.

„ 4. The quartzites.

. ,, 5. Development of thrust-planes near Nandprayag. *

„ 6. The interbedded diorites and " greenstones."

„ 7. The carbonaceous shales and dolomites.

„ 8. Pseudo-organic structures resembling Stromatoporoids.

i, 9. Chemical composition of the dolomitic series.

„ 10. Correlation with similar beds in other parts of the Himalayas.

II. The Landslip and Lake—

Section 11. Account of the slips.

i, 12. Dimensions and structure of the dam.

„ 13. Size and prospects of the lake.

„ 14. Similar instances of lakes formed by landslips,

„ 15. Possibility of further slips into the lake. t

„ 16. Strength of the dam.

III. Cause of the landslip—

Section 17. Combination of several causes.

„ 18. Dip of the strata.

„ 19." Causes acting underfacilities afforded by the dip of the strata.

„ 20. (1) Loosening of the strata.

(a) Dolomitization.

„ 21. (A) Solution by atmospheric waters.

,, 22. \c) Reduction of the co-efficisnt of friction.

it 33- (a) Subsequent changes impelling strata in the direction of least resist

ance.

,, 34. (a) Expansion of products on oxidation and hydration.

„ 25. (4) Changes of temperature.

„ 26. (c) Hydrostatic pressure.

„ 27. Conclusion.

IV. Explanation of Plates.

• INTRODUCTION.

1, The observations recorded in this note were made during a journey to Gohna,

Garhwal Himalayas, in February and March, 1894—five months after the landslip,

and when the lake formed by the barrier fallen across the Birahi Ganga valley had

risen to within 290 feet of the top of the dam.

During the course of this investigation I have received most valuable help from

Lieutenant-Colonel R. R. Pulford, R.E., Superintending Engineer, Mr. G. J. Joseph,

Divisional Engineer of Kumaon, and especially from Lieutenant S. D'A. Crook-

shank, R. E , who is now stationed at Gohna in charge of the survey and works.

The lake will be full and will overflow the barrier about the middle of August.

Means for recording by instantaneous photographs the effects of the water on the

dam are being carefully arranged by the Government of the North-Western Prov

inces.

*
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I. GEOGRAPHICAL AND GEOLOGICAL FEATURES.

(i) Geographical.

2. Gohna in British Garhwal (lat. 30°-22'-j8" N., and long. yg°-$ i'.+o" E.) is

a small village in the valley of the Birahi Ganga, a river running westward and join

ing, at a point 8 miles west of Gohna, the Alaknanda, one of the principal tributaries

of the Ganges. The village is about 130 miles north of Naini Tal, and by the road

which follows the valley of the Alaknanda, it is 160 miles from Hardwar.1

3. The bed of the Birahi Ganga, sloping at about 2$°, is at Gohna 4,600 feet

above sea-level and is the bottom of a narrow gorge with steep, and sometimes pre

cipitous, sides. The gentler slopes are grass-covered, and higher up clothed with

evergreen oak, fir and rhododendron. In the more open parts of the valley a small

amount of cultivation is carried on by the few inhabitants of the small groups of

houses dignified even by the name of villages. The river basin, which is 20 miles

long and 9 miles wide, is bounded on the north and east by a snow-clad ridge

rising to 21,286 feet. A considerable portion, therefore, of the water of the river is

derived from the melting snows, and it consequently receives its greatest supply

during the warmer months. The area of the basin east of Gohna, and conse

quently the area draining into the lake which has been formed by the landslip, is

about 90 square miles. *

(2) Geological.

4. The quartzites and associated crushed diorites and ash-beds, which prevail

from Adbadri to north of Chamoli, give place on entering the gerge of the Birahi

' The journey can now be made on pony back by the following routes, which I give for

the convenience of visitors:—

D.B. = DAk bungalow, or inspection bungalow.

(1) Vid Naini Tal.

Miles.

Naini Tal . 0 D. B.

Ratighat . . 8 D. B.

Bamshaon . 10 D. B.

Dwarahat ■ . 14 D. B.

Gonain . 10 D. It.

Lohaba • 14 D. B.

Adbadri .

. Karnprayag

.« 10  

. 12

(2) Vid Najibabad.

Miles.

Najibabad

Kotdwara

Daramundi

Banghat .

Adwani .

Pauri

Srinagar .

0

18

l»

13

19

I o

7

D. B.

D. B.

D. B.

D B.

D. B.

D. B.

D. B.

(3) Vid Hardwar.

Miles.

Hardwar .

Rikikech

Bijni ,

Mahadeo .

BayasghSt

Deoprayag

Bibarkoti

Srinagar .

o

16

»3

9

,10

»3*
16

i3t

D. B.

Srinagar .

Dungripant

Rudrprayag

Kotki

Karnprayag

o

9
19

9
125

Karnprayag . o —

Nandprayag . . torn. —

Chamoli . . . 7m. —

Gohna . , . 13m. —

The highest point on the route is the Pannuakhal pass, 7,010 feet, between ,Lohaba and

Adbadri.
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Ganga to black carbonaceous and pyritous shales, dolomitic marls, pyritous dolomi

tes, dolomitic limestones with chert, and smaller bands of talc and talc-schist.

The quartzites are sometimes coarse-grained (7 miles from Adbadri on (he

Karnprayag road) with films of a sericitic mineral, or talc, more often compact and

porcellaneous in appearance, and grey, green or cream-coloured (Nandprayag to

Chamoli). Their enormous thickness, painfully evident to the pedestrian, their

petrol ogical characters, the interbedded "greenstones," and their association with

the dolomitic series of the Birahi Ganga valley recall Mr. Oldham's descriptions

and specimens of the Bawar quartzites, and the similar rocks described by Mr.

Middlemiss in his route-traverse from Jaunsar through Tiri to British Garhwal.1

5. Between Karnprayag and Nandprayag these quartzites exposed on the road

side have a general dip 450—6o° E.-N.-E. About a quarter of a mile N. E. of the

junction of the Mandakiniand Alaknanda rivers at Nandprayag, mica-schist, talcose

schist and biotite-gneiss are exposed in order, with planes of foliation dipping in

the same direction, and apparently lying on the quartzites. Continuing in the

northerly direction the dip becomes less and ultimately( at 3 miles north of Nand

prayag, the beds are . almost horizontal, whilst in the next mile they are found

dipping in the S. E. direction with exposures in the inverse order—biotite-gneiss

alcose schist and mica-schist, with quartzites apparently dipping under them.

It would at first sight seem that in this syncline the quartzites are older than

the gneiss and schists, dipping uniformly under them. Whilst this may actually

be the true order it is possible that we have here a case parallel to, but not

co-extensive with, the remarkable instance described by Mr. Middlemiss in

Western Garhwal, where he has shown the anomalous position of younger beds

to be due to the destruction of a sigma-flexure by the development of a thrust-plane

or reversed strike-fault, as in the parallel cases described by Professor Lapworth

and the Scotch Gelogical Survey in the North-West Highlands.8

6. The specimens of diorites and " greenstones " which I have collected from

the beds associated, and probably interbedded, with the quartzites are evidently the

same as those which have been described in detail by Mr. Middlemiss.3

7. The carbonanceous shale and dolomite series are crumpled about in the

most irregular fashion and sometimes even inverted. A striking instance of

inversion has been exposed by a small slip in the gorge 3 miles west of Gohna.

All the beds, whether shaley or dolomitic, are charged with pyrites, cubes of

which in the dolomites are seen to be distorted by pressure. The#decomposition

products of this mineral reacting on the hydrocarbons of the carbonaceous shales

have given rise to the sulphuretted hydrogen emitted by the numerous evil-smelling

springs below Gohna. In this, and in ways shown below, pyrites has contributed

to the cause of the mischief at Gohna.

8. The dolomites and dolomitic limestones are grey or cream-coloured, some

times as massive as those at NainiTal and sometimes well-banded. It is interesting

1 R. D. Oldham. Rec, Geol. Surv., Ind., Vol XVI (1883), p. 193.

C. S. Middlemiss, Ibid, Vol. XX (1887), p. 28.

1 Lapworth, Geol. Mag., dec. II. Vol. X (1883), p. 337. Report on the recent work

of the Geological Survey in the N. W. Highlands of Scotland, Quart. Journ. Geol. Soc,

Vol. XL1V (1888), p. 378.

, Rec. Geol. Surv., India., Vol. XXI (1888), p. II.
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to record the occurrence of a curious structure strikingly like that of specimens from

the Deoban limestone in Jaunsar and Sirmur;1 also in similar rocks from Ktilri,*

from Kum£on,3 and from the Gandgarh range in Hazara.4

In appearance this structure recalls the concentric growth of the Lower Palaeozoic

Stromatoporoidea, but sections which I have made show no structure which could be

safely referred to an organic origin, and it is possibly only due to concretionary action.

9. It is interesting to note that although these so closely resemble one another,

that from Deoban is in a limestone almost free of magnesia, that from the Hazara

area is a dolomitic limestone, whilst that from Gohna is a dolomite in which the

carbonates of lime and magnesia give about the same molecular ratios. All these

specimens contain small quantities of phosphates ; those from Deoban and Gohna

less than that from Hazdra. The specific gravity increases naturally with the per

centage of magnesia:—Deoban, 2*67; Hazara, 274; Gohna, 2'82.

An analyst* of the Gohna rock gave—

Insoluble residue i"3SS

Ferric oxide,5 alumina and phosphoric acid . f22$

Carbonate of lime ...... S3'87S

Carbonate ol magnesia . . . . . 44"78o

10123s

Specific gravity of the fragment analysed, 2 83.

Specimens of the banded rock at Gohna have a specific gravity of 2*75, and on

chemical examination I find the dark bands in the rock are dolomite, whilst the

lighter bands are limestone. In one bed the dolomite is curiously spotted,

due to amygdaloidal cavities arranged along the bedding planes and partially

filled with calcite. As the cavities are only partially filled, hand-specimens of the

rock have a specific gravity as low as 2-56.

10. Although the specimens from Deoban exhibiting the pseudo-organic

structure happen to be limestones, Mr. Oldham has recorded dolomites also in the

same area. There is also a massive dolomite at Naini Tal associated with the

purple shale series of Mr. Middlemiss, and probably of the same system as that at

Gohna and again in Hazara. Although the correlation of these beds in different

parts of the Himalayas, based for want of fossils on purely lithological grounds,

is naturally insecure, one cannot help recalling the similar association of unfossili-

ferous slates, quartzites, carbonaceous shales and dolomites described by Mr. Mallet

near Baxa in the eastern Himalayas.8

' R. D. Oldham, Rec. Gtol. Surv., Ind., Vol. XXI (1888), p. 133.

1 C. D. Sherborn, Geol. Mag., 3rd dec, Vol. V (1888), p. 255. Mr. Sherborn compared the

general characters of the structure to those of certain similar American specimens described

under the name of Cryptosoon proliferum. Prof. H. A. Nicholson, who examined the Kulu

specimen, was inclined to attribute it to an organic origin, quoting a similar case described by

M. Dupont from the altered Devonian limestones of Belgium under the name Stromatactis

{ibid, p. 257.)

» J. McClelland, Journ. As. Soc, Beng., Vol. Ill (1834), p. 628.

4 Specimens collected by A. B. Wynne, G. S. I., In 1878 at Kora-na-durrah, and preserved

in the Geological Museum, Calcutta. No. 79-118.

• The iron occurs in the rock mostly in the ferrous condition. This result should conse

quently be slightly lower.

• Mem. Geol. Surv., Ind., Vol. XI (1874), p. 33.
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U. THE LANDSLIP AND LAKE.

11. From the account of the villagers there seem to have been fields along the

sloping portion of the gorge near Gohna on both sides of the river, whilst the hill

they speak of asMaithana—the one which fell—rose almost vertically above the slope

on the north side of the river {plate IT). Two years ago there was a small slip between

Maithana and Gohna village. On the 6th of last September (1893), and towards

the close of the rainy season, two falls took place, damming back the river to form

a lake. Falling continued for three days with deafening noise and clouds of dust

which darkened the neighbourhood and fell for miles around, whitening the ground

and tree-branches like snow. Further slips occurred at subsequent intervals after

heavy rain ; and at the time of my visit in March a day's rain or fall of snow was

always succeeded by falls,—blocks of several tons came bounding from ledge to

ledge for more than 3,000 feet over the broken hill face with a low rumbling noise

and the production of clouds of dust. The part which fell was a spur of one

11,109 feet high ; but except on the edge of the precipice, where pieces could be

pushed over with the foot, I found no cracks in the hill. The rocks exposed on the

cliff-front, as shown in Plate I, are crumpled and faulted in a complicated manner and

with varying dip ; but on the west side of the slip the dip is towards the valley at a

lower angle than that of the precipice, the average inclination of which is 540. The

mass of broken material which fell stretches for 2 miles along the river valley, and

rests against the cliff of similar rocks on the opposite side a mile away. On the

higher mounds, from which the mud has been washed away, large masses, sometimes

weighing hundreds of tons, of crumpled dolomitic limestones are seen pitched in

obliquely and shot out like a pack of cards, whilst blocks hurled a mile away against

the opposite cliff have knocked down numbers of trees. In the first fall, at any

rate, the hill must have pitched forward and not have slipped down in the usual

fashion of smaller slides. The second main fall now stands as a heap of irregularly

piled blocks weighing from about 30 tons down to ordinary hand-specimens.

12. The surface of the dam exposed in early March was 423 acres; but it

is gradually being submerged on the eastern side by the rising lake. A section

along the valley from the bed of the river on the west to the edge of the lake on the

east slopes at an angle of n£° on one side and io° on the other, from a point 5,850

feet above sea-level, or 1,200 feet above the bed of the river at Gohna. As the

river bed slopes at about 2^° the dam must be about 850 feet thick at the point

referred to. A section across the valley shows the broken rock rising as two mounds

on the south side to a height of 6,186 feet, and on the north side to 6,305, where it

ends at the foot of a talus sloping at about 40° up to the broken cliff-front of the

mountain ( see Plates II and III). The mounds on either side consist of large

masses of rock, whilst the shallow valley between is covered with a thick layer of

fine mud probably washed down from the higher levels.

13. The lake in the beginning of March was 2| miles long, 1 mile wide at the

widest part and covered 370 acres. It is rising at the rate of about 6 inches per day ;

but with the melting of the snows in the hot season the rise will be more rapid.

When full it will, unless a cutting is made, overflow at the point referred to as 5,850

feet above sea-level ; and the stream, rushing down an incline of n°, will rapidly cut

with increasing head a channel in the mud and loose stones, which cover that portion
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of the dam, until its speed is checked by the reduction of slope and the exposure

of large blocks of dolomite which must occur below at no great depth. It is impos

sible from mere inspection to estimate the thickness of the soft mud, but from the

rain which has fallen since last September gullies 20 and 30 feet deep have been

cut on the western slope of the dam exposing large quantites of small stones and

blocks of a few tons in weight. If, as I anticipate, the rapid erosion becomes

arrested before 100 feet has been cut there will be preserved above a lake 3$ miles

long and i£ mile wide, whose destruction by gradual erosion of the dam and

silting up of the basin, though a matter of time geologically considered short, will

be sufficiently slow for what historically may be called a permanent lake. The

lake view from the dam is the crowning charm of scenery typically Himalayan and

wild : the steep mountain slopes, partially clad with fir, evergreen oak and gor

geously-flowered rhododendron, slope steeply down on either side to the blue-green

waters of the lake, whilst to the east Tirsdl and two associated peaks rising over

20,000 feet, with snow-clad slopes andlglaciers, form the back-ground of the picture.

14. Doubtless at several places in the Himalayas, lakes have in the recent past

been formed by landslips, filled, and afterwards cut through by their own streams.

Mr. Oldham has described the very interesting case of Turag Tal near Gonain in

Almora District, which was formed behind a barrier of slipped limestone 250 feet

high. The level of the alluvium in the lake is now within 50 feet of top of the bar

rier, so the age of the lake is measured by the time required to deposit alluvium to

a thickness of 200 feet.1

15. Whilst the steep slope of the mountains around the lake at Gohna add

.greatly to the beauty of the view, they are unfortunately a source of danger to the

lake itself on account of their liability to follow the example of Maithana and slide

down displacing proportionately large bodies of water. At one spot, a little to the

south-west of the dam and half-way to Durmi, where the dolomites dip in the

direction of the steep slope towards the lake, the hill side may at any time slide in- *

to the lake. In 1869, higher up the same valley, a small lake, Gudyar Tal, having

been formed in the same way by a landslip became suddenly nearly filled with a

second slip accompanied by displacement of a body of water which flooded the valley

of the Alaknanda and washed away part of Srinagar, 78 miles below. That this, sooner

or later, will take place is a certainty ; but when, it is impossible to say. The very

size of the lake, however, will be a safeguard against high floods. Supposing,

for instance, the permanent lake to have an area of 500 acres—I don't think it will

be less—and a slip of 1 2,500,000 cubic feet occurred—the maximum possibility

near the south-east corner of the dam. Then the water in the lake would rise

1S<^» a^6o= 2 li^lwo= nearly 7 inches. There are, however, one or two steep pre

cipices on the north side of the lake which I could not examine and which might

probably give larger slips. As such an occurrence is most likely to take place after a

long season of rain the rivers will already be flooded and unable to carry any extra

supply. I would suggest, therefore, to the engineers, the advisability of strengthen

ing and raising the sides of the final outlet at the dam to receive a sudden rise of

a few feet and the high waves which would follow a fall, such as I anticipate, into

the lake. Careful determination by contours of the steep slopes on the northern

(') Rec. Geol. Surv., India, Vol. XVI (1883), P»ge >64-
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side of the lake would give means for estimating the maximum possibilities of such

slips.

1 6. Fears have frequently been expressed concerning the danger of the dam

bursting under the hydrostatic pressure of the water accumulating in the lake above.

The sections and map accompanying this note should be sufficiently convincing to

any engineer; but to remove any doubt concerning the security of the barrier, its

strength may be conveniently compared by a simple calculation to the actual

hydrostatic pressure which it will have to resist before overflow occurs :—

The point referred to above as 5,850 feet above sea-level is approximately in

the centre of the dam and lies in its weakest section. To make the problem as

simple as possible, we may consider a section through this point, one foot thick

and 1,000 feet deep—an estimate well beyond the maximum depth of the water

in the lake.1 Such a section will contain :— ^ x (2 x 1000 x cotan. ii°) =

5,144,600 cubic feet of material. Now, the dam is composed principally of dolo

mite, varying in specific gravity from the pure material of 2-83 to blocks charged

with iron pyrites up to a specific gravity of 3*6 r. There is also an admixture, in

smaller quantities, of pyritous shale (averaging 279), and in still smaller quantities

of talc (278) ; but pyritous dolomite is in large excess. Taking 2 8 as a very safe

estimate for the average specific gravity of the dam, the weak section referred to

will weigh—

5,144,600 x 2-8 x 62-5 -=r 2,240= 401,922 tons. Further, when the overflow

is about to take place, the horizontal hydrostatic pressure against the section will

be : 1,000 x x 62*5) + 2,240 = 13,95010ns.

The weight of the section is thus^^'= nearly 29 times the horizontal

pressure of the water. Supposing this section to be free of friction from the sides

and only offers the resistance estimated by its own co-efficient on a bed of the same

material. Now, the angle of repose of a doloinitic talus on the dam is, as stated

before, about 400, which would imply a co-efficient of friction of 0-839 {fan. 40°).

The section would thus require about four-fifths of its own weight to move it ; that

is to say a pressure of 4<"'9"X4= 321,536 tons. But as the maximum hori

zontal pressure of the water will only be 13,950 tons, the weakest section of the

dam is at least 23 times the necessary strength. This estimate would, of course,

be still higher, if we took into consideration the weight of the thousands of tons of

dolomitic blocks which rise on either side the weak section and point of overflow.

Finally, the enormous pile of rubbish, weighing quite 800,000,000 tons and lying

in a valley nearly one mile wide, would, if shifted, become jammed into a gorge

only 500 feet wide.

III. -CAUSE OF THE LANDSLIP.

17. It is easy to trace several causes, which have been for sometime conspir

ing to the one end of bringing about the catastrophe that has been attended with

such serious consequences at Gohna.

18. Among these the principal, or more correctly the one which gave facili- •

ties for the action of all the others, is the dip of the strata towards the gorge.

.(') Since the above was written, Lieutenant Crookshank has sounded the lake obtaining 51a

feet as the greatest depth. As it is still 265 feet from the top of the dam, its maximum depth

will be 777 feet—T. H. H., May 2nd, 1S94.
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Plate I shows the complicated manner in which the beds are crumpled in this

area. At the same time it will be noticed that over Gohna village, the dip of the

dolomites in the south-east direction increases, until in Maithana itself the beds

are inclined in the face of the cliff at an angle of about 450—500, and consequently

large platey surfaces are exposed by the fall. As the dip of the rocks is here

greater than the angle of repose of dolomite or shale-slabs, sliding would naturally

take place when necessary facilities are presented. As long as the slope of the

surface does not exceed in angle the dip of the strata, there is no danger of a slip ;

but when, as in this case, the foot of the slope is undermined by the action of a

river and. springs, the average slope of the surface is increased and there is a

tendency for the beds lying between the line of slope and the line of dip to slide

off. If the beds are well cemented and only subject to the influence of their own

weight, the surface-slope may greatly exceed the dip (and the angle of repose)

before sliding commences.

The influence of the dip of the strata in fashioning the surface slope is also

well-illustrated in the Cheddar valley in England. The river has cut a gorge

approximately in the direction of the strike of the carboniferous limestone, which

dips on both sides of the river at an angle of 150—240 S. The south side of the

gorge is an almost perpendicular cliff 403 feet high, whilst on the north side the

slope is only slightly greater than the dip of the beds, which are constantly,

though gradually, slipping down as the river is deepening its valley. Thus,

whilst an almost perpendicular cliff is safe on the south side in which direction

the rocks dip, there is a perpetual slipping on the north side, and no slope

greater than the angle of repose of the loose blocks would be safe.

19. In the landslip at Gohna not only was the support removed by under

mining at the foot of the slope, and loosening of the beds, but the beds were

impelled outwards by a series of changes following as a natural consequence of the

processes which destroyed the originally compact nature of the strata. These causes

combined, taking advantage of the stratigraphical facilities, precipitated the mass

of material which now dams back the Birahi Ganga. Taking these causes in

order we have—

(0- Those producing a loosening of the strata.

(a) Dolomitization.

(A) Solution by atmospheric waters.

(c) Reduction of co-efficient of friction by water. .

(2), Subsequent changes impelling strata in the direction of least resistance.

(a) Expansion of products on oxidation and hydration. ,

(i) Changes of temperature.

(c) Hydrostatic pressure.

20. Loosening of the strata.

(a) Dolomitization.—The change of ordinary limestone into dolomite (which

has only been partially effected at Gohna, see section 9, p. 58) on account of

the lower molecular volume of magnesium carbonate, is accompanied by an

increase of specific gravity from about 273 to 2'83, and consequently correspond-

• ing decrease in volume. The vesicular and jointed characters of many dolomites

are probably thus caused, although the visible effects may often be prevented by

pressure ; but even under conditions of pressure, dislocations once produced offer

facilities for subsequent agencies as, for example, removal by solution, or introduc

tion of other minerals like iron pyrites with which the Gohna rocks are highly charged.
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si, (i) Solution by atmospheric waters.—Besides the mere solution along joint and

bedding planes—a process inevitable wherever atmospheric waters circulate amongst

such rocks—minerals like iron-pyrites become decomposed and the products of

oxidation and hydration act as solvents for the production from dolomite of sulphates

of lime and magnesia which are carried away, at once or ultimately, in solution.

Except for these changes combined, I should find it difficult to explain the amygda-

loidal cavities in the dolomite referred to in section 9 ; and apart from such an un

usual manifestation of their effects as these cavities, there is no doubt of the rocks

being loosely jointed and channelled in numerous directions. The large cavities

and "swallow-holes" described by Mr. Middlemiss in the dolomites of Naini Tal

are examples of the changes brought about by the agencies here referred to.1

22. (c) Reduction of the co-efficient offriction by water.—The co-efficient of friction

of damp clay is about ro, corresponding to an angle of repose of 450. The co

efficient of friction of wet clay varies from C25 to O'Ji, corresponding to angle of

repose 140—17° (Rankine). The effect, therefore, of water on a soft bed of shale

is equivalent to lubrication, and doubtless this has occurred in the shales which

underlie the dolomites in the cliff at Gohna. After the season of heavy rain, which

preceded the landslip, the mountain must have been saturated with water, and even

now small springs issue from different parts of the slope (see section n). The

disastrous landslip at Naini Tal towards the end of the rains of 1880 illustrates this

fact.2 The mass of slush forming the foot of the slip sloped at an angle of r5° up

to where the old Victoria Hotel stood ; from there the drier debris formed a steeper

slope of 2 50.

A similar illustration is afforded by the well-known landslip region of South

Devon and Dorset between Sidmouth and Lyme Regis. There the porous creta

ceous beds resting on the impervious clay-beds of the lower Lias, Rhoetic and Red

Marl, and dipping gently towards the sea, have been pushed over the slippery wet

clays by a hydrostatic pressure which must have been only a small fraction of the

weight of the beds.

(a) Subsequent changes impelling strata in the direction of least resistance.

23. The direction of least resistance in this case is of course towards the gorge,

and any sufficient impulse could only be manifested by movement in that direction.

The smallest movement thus becomes a positive contribution to the final condition

for a slip.

24. (a) Expansion of products on oxidation and hydration.— The sulphuric

acid produced by the oxidation of pyrites would, under pressure and high tempera

ture, decompose the carbonates of lime and magnesia, and form either anhydrous

or partially hydrated sulphates, which would expand on subsequent more complete

hydration before final removal. This action taking place in small cracks would

give rise to the production of a number of wedges to dislocate the rocks.3

Although I have mentioned this as one of the causes which brought about disruption

of the originally more compact rocks, I should not imagine that in the present

instance the effects were very serious. Gypsum the final product of the action of

1 Middlemiss. Bee. Geol. Surv., Ind., Vol. XXIII (1890), page 220.

» B. D. Oldham. Sec. Geol. Surv., Ind., Vol. XIII (1880), page 277.

s See also Middlemiss, Rec. Geol. Surv., Ind., Vol. XXIII (1890), page 221. Cal

careous tufa and gypsum near Naini Tal.
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sulphuric acid and water on carbonate of lime nevertheless occurs in illustration of

the statement. .

25. (b) Changes of temperature.—The expansion accompanying the rise of tem

perature during the summer can only be manifested in the direction of least resist

ance, and as there is no tendency to return on subsequent contraction during the

low winter temperatures, the result is a gradual " creep " in the direction of the

valley. In the Garhwal Himalayas, mountains of the height of those at Gohna are

for sometime covered with snow and frequently subjected to a freezing temperature,

the surface rocks at any rate will therefore suffer the usual effects of frost.

26. (c) Hydrostatic pressure.—From the upper edge of the slip the hill rises at

the back to a height of 11,109 Ieet»—a rise of 11,109—9,620 = 1,489 feet in half a

mile. As the strata dip in this direction at a slightly steeper angle than the surface

slope, there is every facility for rain water sinking through to exert a hydrostatic pres

sure due to a column increasing from 1,489 feet to about 1,489 + 5,000 = 6,489

feet in height. As the slip took place towards the end of the rainy season, there is

every reason for including this among the causes which combined brought down

the side of Maithina.

27. Before closing this note it may be of interest to the general reader to be

reminded of the fact that the folding of the Himalayan range having continued to

times geologically recent, if not still in action, there has resulted a condition ot

strain frequently manifesting and relieving itself by earthquakes, and of steep slopes

with rushing torrents, frequently resulting in landslips. When subsequently the

inequalities of level have been sufficiently reduced by denudation, the slopes will be

more stable, rivers less violent and the scenery tamer—a condition of affairs exempli

fied by the more geologically old-fashioned peninsular portion of India. . Water,

the great agent of denudation, has, we have seen, by its chemical and physical

action, been the cause of the landslip at Gohna, and we have -still to look for the

effects of the potential energy accumulating in the lake.

IV.—EXPLANATION OF PLATES.

MtfS'rt<* Map I.—Gohna landslip and lake, giving contours at 100 feet vertical intervals.

0 Scale 1,000 feet = 1 inch. Reduced principally from the survey

of Lieutenant S. D'A. Crookshank, R.E. The small map in the

corner is from Atlas sheet No. 66, N. W., showing the limits of the

basin draining into the Gohna lake. Scale 4 miles = 1 inch.

M'9f*"'t Map II.—Map showing the position of Gohna and routes from Hardwar,

Nazibabad and Naini Tal (see section 2). Scale 8 miles = 1

inch.

tAlS^i^n Plate I.—Sketch of Maithana—the broken hill—showing the elevations and

/ bearings of the principal points along the north side of the gorge.

Sketched from the south side of the dam at an elevation of 6,170

feet (see Map I).

Plate II.—Section across the Birahi Gunga valley and the landslip through

5,850 feet point (A) on the dam (See Map I. and section 12).
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Plate III.—Section along the valley from the old river-bed below Gohna to the

lake (see Map I and section 12).

Plate IV.—View looking up the valley (eastwards) from the edge of the lake,

290 feet below overflow point. Tirsdl (23,4.06 feet) and two

* associated peaks over 20,000 feet form the back-ground. Photo

graphed March ioih, 1894.

Plate V.—View from camp near Durmi looking eastwards. The village of

Durmi on the right will be submerged before overflow occurs (see

Map I). Photographed March 10th, 1894.

»

GEOLOGICAL SURVEY OF INDIA DEPARTMENT.

TRI-MONTHLY NOTES.

No. 19.—Ending 30TH April 1894.

Director's Office, Calcutta, 30th April 1894.

The association of the Survey with the Geological Survey of Austria and the

geolovists of that country, wh;ch p-actically began with the r ppointment of the first

Palaeontologist, Dr. Ferdinand Stoliczka, and was distinguished in 1873 by the

presentation to the then Director, Dr. T. Oldham, and D . Stoliczka of gold medals

by the Emperor of Austria, has again been marked by a like gracious bestowal of

gold medals on the present Director of the Survey and Mr. Superintendent C. L.

Griesbach, C.I.E., in recognition of their services in connection with the carrying

out of the scientific expedition undertaken in 1892, at the sugges.ion of the Imperial

Academy of Sciences rt Vienna, to the central regions of the Himalayas, as well as"

generally in assisting the palaeontological researches of Austrian Savants in India.

This medal is figured on the annexed plate.

Mr. Grundy, the Inspector of Mines in India, has, during the last three months,

continued an admirably close inspection of the Bengal collieries; in which it is

gratifying to note that he has experienced very earnest co-operation on the part of

the Agents and Managers of the mines. His seasons' work in Bengal will be

shortly closed, when his office will return to Calcutta. The inspection of the Warora

Colliery, which had been arranged for before Mr. Grundy's arrival in India, was

finished by Dr. Noetling afier his inspection of the collieries in the Salt-Range,

Punjab.

It is as well to state here that during this inspection Dr. Noetling eagerly

seized the opportunity afforded him of continuing the scientific work of the

Department. He visited the lower palaeozoic outcrops of Bhaganwala, Khussak

and Khewra, whence he was able to bring away a valuable and sufficiently typical

collection of the Olenellus and Neobolus fauna which should clear off much
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of the obscurity still shrouding the definition of the Cambrian strata of the Salt-

Range. Since' his return to Head- Quarters at the end of February, he has been

engaged in his proper work at the tertiary fossils of Burma, including the marine

fossils from Minbu and Yenangyat which show, so far, that this lower miocene fauna

has to a large extent a community of facies with the tertiaries of Sumatra and Java

and those of Western India, though the facies of the latter is the stronger. He is

also preparing a memoir on the vertebrate remains from Yenangyoung.

Mr. Holland returned from his inspection of the Gohna landslip in Garhwal, a

report on which appears in the current records ; and he has just proceeded to

Naini-Tal to take part in an enquiry by the Department of Public Works of the

North-Western Provinces into the condition of certain landslips in that neigh

bourhood.

At the end of March, the Director visited Giridih under the guidance of Dr.

Walter Saise, Manager of the East Indian Railway Collieries, in connection with the

excellent survey of the coal-field lately completed by the latter gentleman, on the

conclusions derived from which the new Jubilee p't on the southern edge of the

field is being sunk to a depth of 650 feet. This will be the deepest coal pit yet put

down in India, and it will bear witness to the admirable reasoning and series of test

borings whereby Dr. Faise was enabled to arrive at an approximate estimate of the

immense quantity of coal yet stored up in this outlier of the main Ranigunj area of

the Bengal coal tract, which is calculated to yield an output of 600,000 tons per

annum for the next 138 years. The want of newer geological maps of these coal

fields, than those which were prepared, on the only available scale at the time, for

the particular memoirs published in 1863 and 1870, is becoming more and more

felt ; and when so much has been done in the way of helping towards this end as

has been quietly accomplished by Dr. Saise in a map, on the scale of 2"=i mile

with sections, of the Giridih coal-field which has been laid before the Board of the

East Indian Railway Company, and which is to be presented to the survey for pub

lication ; it would seem as if the time had fully come for the formation of a com

mittee of Bengal Colliery Managers to move in the preparation of a revised and

enlarged map of the Ranigunj coal-field. The Colliery Managers would appear

to have quite sufficient data before them in the way of-borings and shaft sections

which, combined with their local knowledge, should enable them to contribute

materially to the production of a lasting standard work of this kind. An initiatory

step might be made by supplying Managers with copies of the latest revenue and

other maps of their districts, on which each gentleman could enter all the data at

his disposal according to some settled scheme of geological and mining delineation.

The Geological Survey Staff is all too limited for such an undertaking, but by judi

cious co-operation with a committee of the kind indicated, a gieat deal might be

done to effect the desired end. With experienced and long-tried Managers to

choose from, an excellent committee might be formed ; while the project might

also receive additional energy and influence from .he Indian Mining Association in

Calcutta, which is the official representative of the coal owners of Bengal.

A visit was also made to the belt of metalliferous rocks of the Transition Series

in Chota Nagpur, on which for the last few years considerable but almost futile

energy has been expended in an attempt at gold production ; in view of taking up

the mineral survey of the country during the next field season. It was sufficiently
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evident that the relations of the Transitions themselves, and the association of the

metalliferous veins (which are cupriferous, or lead-bearing, or auriferous, as the case

may be, in certain zones) occurring in them, should now be worked out in some

detail, if only to afford guidance in any further endeavours which may be made in

the way of production ; while our mineralogical and geological study of the Transi

tions will help towards the complete correlation of them with those of Chhattisgarh

further westward, and perhaps also with the Dharw£rs of Southern India.

List of Assays and Examinations made in the Laboratory, Geological Survey of

India, during the months of February, March, and April, i8g^..

Substance. For whom. , Result.

1 Specimen of iron ore, from

Khochipura, near Pokhra,

Sihaol Tahsil, Kewah

State.

P. N. Bose, Geological

Survey of India.

Specular iron.

Quantity received, ijlbs.

Contains 21*40 per cent, of iron (Fe)>»

30*57 per cent, of ferric oxide (Fe, O3).

1 Specimen of coal, from the

Sarakdi Colliery, Asan-

sole.

N. A. Hodges, Howrah . Proximate analysis, with calorific power.

1 Specimen of coal, from

Raneeganj.

John Chambers & Co.,

Singaram Valley Coal

Concern, Calcutta.

Proximate analysis, with calorific power,

and sulphur determination.

2 Specimens of quartz, with

iron pyrites and galena,

from Chota Nagptrx.

John Martin, Calcutta . Assayed for gold.

3 Packets containi»g dupli

cate assay beads, for

weighment and parting.

C. M. P. Wright, Wun-

tho, Upper Burma.

Weighed, parted and calculated to the ton.

4 Specimens of limestone, for Kilburn & Co., Calcutta Analysed for insoluble residue; ferric oxide

and alumina; carbonate of lime; and

carbonate of magnesia..

1 Specimen of coal, from

Laikha, Southern Shan

State, Burma.

The Revenue Secretary

to the Chief Commis

sioner, Burma.

Lignite.

Quantity received, 32 lbs.

Moisture .... 14*40

Volatile matter, exclusive of

moisture ... 41*00

Fixed carbon . . . 36*60

r 1 100*00

Does not cake, but sinters slightly.

Ash—light buff.

i Specimen of coal, from

Darjeeling District.

Finlay Muir & Co.,

Calcutta.

Proximate analysis.

1 Specimen of quartz, with

iron pyrites and galena,

from Chota Nagpur.

John Martin, Calcutta . Assayed for gold.

1 Specimen of coal, from the

North Cachar Hills,

Assam.

Finlay Muir & Co.,

Calcutta.

Proximate analysis.
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List of Assay and Examinations made in the Laboratory, Geological Survey of

India, during the months of February, March, and A pril, 1894—contd.

Substance. For whom.

Dolomite, with pseudo organic

structure in band specimen,

from Gohna landslip, Garh-

wal.

I Specimen of quartz, with

iron pyrites, from Pardiah,

Chota Nagpur.

I Specimen of galena, with

quartz and r on py.ites,

from Maingays Island, Mer-

gui Archipelago.

3 Specimens of minerals, from

the Sirmur State, sent by

the Raja of Sirmur, for

determination.

A specimen of rock, found in

the vicinity of the reserved

forests of the Darjeeling

Division.

A mineral, found close to

Simla, for examination.

" Two sorts of rock, from

Munjerabad, Mysore," for

examination as to whether

it is laterite or not.

Thomas H. Holland,

Geological Suivey of

India.

A. Mervyn-Smith, Orient
■A Prospecting Syndi

cs' 1 Ld., Calcutta.

Lieutenant E.

mont,

cutta.

t E. J.

R.I.M.,

Beau-

Cal-

C. S. Middlemiss, Geolo

gical Survey of India.

J. S. Gamble, M.A.,

Director, Imperial

Forest School, Dehra

Dun.

C. A. C. Lillingston,

Deputy Conservator of

Forests, Darjeeling.

E. M. Johnstone, Octa

gon Cottage, Simla.

J. Walter Leather, Agri

cultural Chemist to the

Government of India,

Dehia Dun.

Result,

S. G.=2-83.

Insoluble residue . .

Ferric oxide, alumina, etc.

Carbonate o" lime • .

Carbonate of magnesia .

Assayed for gold.

 

loi"335

Yielded on assay :—74-33 per cent, of leal

and 12 or.. 14 uwts. 19 grs. of silver to

' the ton of lead.

Block, E. face of Saniaridrug Hill, Tri-

chengode Taluq, Salem District.

Landed and finely granular aggregate of

diopside- quartz, felspar, garnet (pink),

and a highly refracting, highly-doubly-

refracting, colourless (in section) mineral,
with very imperfect and seldom-developed
cleavage in one direction. Esti netions 27s

to the cleavage : probably chondrodite.

E. face of Saniaridrug Hill.

Massive garnet (colophonite ?) pink in

section, with granular diopside calcite and

quartz in bands. Large quantities of

minute and doubly-refracting crystals of

possibly the same minerals are scattered

through the mass of garnet. The asso

ciation of calcite and diopside recalls the

coccolit'c crystalline limestones, and in the

present instance .they appear to be the

results o' alteration of the garnet.

S. G. of mass=>3"43.

1 . Iron pyrites.

2. Comnon garnet in rhombic dodecahedra.

3. Muscovite, with fragments of felspar and

quartz attached, evidently part of very

coarse granite.

A zeolite allied to laumontite.

Iron pyrites (Fe S,). If in large quanti

ties, may be used for source of sulphur in

sulphur' c acid manufacture. Waldie and

Co., Co-sipore, uses this material for this

purpose.

1 . Quartz probably from a coarse-grained

granite now kaolinized.

2. Lithomarge like that of the Nilgiris,

Pulnis, etc., the result of decom

position of a crystalline micaceous

rock at a high level, over 2,000 feet.
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List of Assays and Examinations made in the Laboratory, Geological Survey of

India, during the months of February, March, and April, 1894—concld.

Substance. For whom. Result.
«

Specimens of stones, from

Shamsunderpore, Bankura

District, bettered to be sap

phires, for determination.

Raja Sourindro Mohun

Tagore , C.I.E., Pa-

thuria Ghata Raj Bati.

Almandine spinels.

S. G. = 3 614.

H. = 8-o.

Isotropic.

Specimens, waterworn.

A small piece of mineral

found in the neighbourhood

of the Jabalpur Pottery

Works.

Burn and Co., Calcutta. Barytes (heavy spar).

A substance found in Naini

Tal, £-j an efflorescence on

the surface of the soil, for

determination.

C. H. Holme, Executive

Engineer, Naini Tal.

Crude sulphate of alumina and iron, result

of the decomposition of iron pyrites.

A specimen of nummulitic

limestone from the Panir

Tunnel, for determination

of the white stuff in the

stone.

F. E. Robertson, Cal

cutta.

Calcium sulphate = Alabaster.

Postal and Telegraphic addresses of Officers.

Name of Officer.

T. W. H. Hughes

C. L. Griesbach

R. D. Oldham .

T. H. D. LaTouche

P. N. Bose

C. S. Middlemiss

P. N. Datta .

T. H. Holland .

W. B. D. Edwards

F. H. Smith

F. Noetling

Hira Lai .

Kishen Singh .

Postal address.
Nearest Telegraph

Office.

On furlough . ...

Pishin .... Pishin.

On furlough . ...

Sukkur Sukkur.

Calcutta Calcutta.

Ootacamund Oatacamund.

Bhandara Bhandara.

Naini Tal . Naini Tal.

On furlough. ...

Harnai ... Harnai.

Calcutta Calcutta.

Naini Tal Naini TaL

Quetta Quetta.
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It is one of the strange features in the Geology of the Salt Range, that the strata

belonging to the older palaeozoic age have for a long time been misapprehended,

although they form petrographically as well as palaeontologically a conspicuous series

in the eastern part of the range. While visiting the country during the season

1893-94, I had the good luck when studying a section near Baghanwalla to dis

cover after a long search the first authenticated fossils in the Magnesian sandstone.

Besides Baghanwalla, I was able to study the development of the Cambrian forma

tion at several other localities between that place and Khewra, which has put me

in the position to give a further contribution towards its interpretation, which to a

certain dggree must modify the views hitherto held. I regret that I am unable to

give a description of the interesting fauna which I collected, but in accordance with

the views of the Director of the Survey it has been decided to send the fossils to Dr.

Waagen at Vienna, who is still engaged on the description of the Salt Range Fossils

found hitherto, in order to enable him to give a more detailed and concise descrip

tion of this fauna. The way some Cambrian fossils were originally included by

him, among those of carboniferous and permo-carboniferous age, and the manner

in which the question of the Cambrian fauna has eventually got mixed up in the

discussion of the geological results of the study of the younger palaeozoic fauna, tend

by no means to render the whole matter intelligible to the student of Salt Range

Geology. I therefore feel obliged, before communicating my own observations, to

review the whole state of this question.

/.—Historical Summary.

Mr. Wynne1 mentions for the first time the existence of pre-carboniferous

rocks in the Salt Range, which according to the fossils they contained, were con

sidered of Silurian age. Mr. Wynne specially states " on the strength of Dr.

Waagen's determination, who was able to free the internal aspect of a few of the

valves, so as to enable them to be determined as belonging to two species of Obolus

and Siphonolreta," that the " Obolus shales " as they were thenceforth called, were

considered to be of Silurian age. The late Dr. Stoliczka was apparently of the same

opinion as regards the generic position of these fossils (ibid, page 68).

' Geology of the Salt Range in the Punjab. Mem. Geol. Surv. of India, vol. xiv, page 86.
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Professor Waagen, however, in his subsequent book on the Productus Limestone1

has abandoned the view previously held by him ; and in the preface even strongly

combats the view of the Silurian age of the "Obolus," or, as he now calls them,

the "Neobolus" shales. Professor Waagen after having particularly laid stress

upon the intimate connection of the " Pseudomorphic Salt-crystal Zone," the " Magne-

sian sandstone," and the " Neobolus bed," a view which is perfectly correct as we

shall presently see, continues : " We can fairly say this group follows immediately

below upper carboniferous beds, and must thus be of lower carboniferous age.

I cannot see anything unreasonable in these deductions ; and among all possibilities

these seem to me again and again the most probable ones. The palaeontological

facts are decidedly in opposition to the view of these beds being Silurian, not a

single species or even genus being identical, and the geological facts, without

straining them in any way, can be interpreted so as to let these beds appear as of

carboniferous age."

I fully agree with Dr. Waagen as to the appearance of the fossils, the chief

forms of which belftig to genera decidedly different from Obolus ; and that, failing

the presence of further fossils of a decisive character, the Silurian age of the

Obolus shales was no longer above every suspicion. On the other hand, I cannot

help noticing the close relationship of the new genus Davidsontlla with the genus

Obolella, Bill. I must confess that I think the genus Davidsonella is so closely

related to Obolella, if not identical altogether, that I would have preferred to have

it included in that genus ; and weighing the evidence thus at hand, I would have

preferred to consider the Obolus shales of Silurian, rather than of Carboniferous age,

for which view there was more support, palsontologically as well as stratigraphi-

cally, than for the latter one. Pala?ontologically, on account of a genus from the

family of the Trimerellida?, closely related to, if not identical with, Obolella ; strati-

graphically, because the close connection between the Magnesian Sandstone group,

the Pseudomorphic Salt-crystal group, and the overlying rocks of undoubted

carboniferous age is nowhere so well developed as Professor Waagen assumes it to

be, and as subsequent observations have proved.

It is greatly to be regretted that the subsequent discoveries were not made in

time, so as to allow Professor Waagen to amend his views regarding the age of the

Neobolus shales before the publication of Vol. IV of the Salt-Range Fossils

containing the " Geological Results "; otherwise he would not have been obliged

to modify on page 51 ff. his views expressed on page 45, where he says:

" The name introduced by Mr. Wynne for this group was simply *' Silurian ": I

cannot accept this name on several grounds. Firstly, the fossils occurring in the

group, though exhibiting a rather old-looking habitus, cannot, either generically or

specifically, be identified with Silurian forms : then even if the beds should yet be

proved to be of lower palaeozoic age, they could never be taken as equivalent to

the Silurian in general, but could no doubt only represent a small part of it ; they

are most intimately connected with the next following Magnesian sandstone, the

Silurian age of which is also rather doubtful.

"The fossils found up to the present in the group give no decisive evidence,

but there is some hope that a new search in these beds will furnish more extensive

materials. Pending such new and better information, I abstain, here from

1 Palseontologia Indica, Series xiii, Salt-Range Fossils, vol. i. Productus Limestone Fossils.



PART 3<3 NOETLING : Cambrian Formation of tne Salt Range. 73

reuttering my formerly expressed opinion that these beds were lower carboni

ferous.

" In the meantime it will be most advifable to give these beds a neutral name

as " Dark shaly z.one " or " Neobolus beds."

Dr. Waagen's modification on page 54 is as follows :—

" With regard to the lower series, there has been detected in the meantime not

only the great discordance, which cuts just through the middle of the division, but

just while I write these lines I have a letter from Dr. Warth announcing the discovery

of Trilobites in the Neobolus beds—specimens which seem to be nearly related tn

Conocephalites. Thus it is no longer possible that the beds below the great

unconformity which are of Permian and topmost Carboniferous age, should form one

series with the more recent strata above that unconformity, and, therefore, the Lower

Series (Productus Limestone) of former times will have to be cut up into two." 1

The discovery of the Trilobites in the Neobolus shales made a fresh discussion

of the age of that group necessary and on page 91 ff. Professor Waagen gives his

final views as to the division and age of the pre-carbonifercus rocks. He divides

the Lower Palaeozoic series into two groups in descending order, viz.:

(3 Red shaly zone (Salt-crystal Pseudomorph Zone

2. Magnesian Sandstone group ) of w>'nne)-

J 2 Magnesian sandstone.

( 1 Dark shaly zone (Neobolus beds).

(4 Upper Purple Sandstone.

1. Purple Sandstone group . } 3 Rock salt and red gypsum group.

1 2 Grey gypsum group.

V 1 Lower Purple Sandstone.

Professor Waagen further remarks, that the most important of these sub-divi

sions, from a palaeontological point of view, is the Neobolus bed, but that "the

demarcation of the sub-group is not very easily drawn, though its lower limit against

the Purple sandstones of the preceding group is somewhat better defined than the

upper one towards the Magnesian sandstone."

A list of fossils, chiefly Brachiopoda, is then given, .numbering .nine species

altogether; to which is added the description of the species collected by

Dr. Warth numbering 2. species of Trilobites, 2 Gastropods and 1 Brachiopod, thus

bringing the .number of the fossils found in the Cambrian of the Salt-Range to 14

species altogether.

In connection with this fauna the age of the strata is discussed, and Professor

Waagen eventually (after having remarked that the head of a*Trilobite, which had

been found by Mr. Middlemiss at Khussak in beds above the Brachiopoda strata of

the Neobolus beds, undoubtedly represented an Ohnellus) adopts the following

sequence of the faunas as represented in the Cambrian formation of the Salt

Range:

4. Olemu fauna.

3. Paradox ides fauna.

2. Olenellus fauna. .

I. Neobolus fauna.

1 By a misprint this passage says exactly the opposite of what the author wanted to

express; the beds below the great unconformity are not of Permian, but of older age. If we,

however, sutetitute the word " above" for the word " below" and further on read: "with the

strata below that unconformity" instead of " with the more recent strata above that uncon

formity "j the author's views become quite clear.



74
Records of the Geological Survey of India, [vol. xxvil.

I regret to say that I cannot agree with Professor Waagen in this view of the

sequence of the faunas, which, quite apart from the palaeontological, is certainly not

borne out by the facts from a stratigraphical point of view, as 1 shall point out

later on.

As it appeared that the exact locality where Dr. Warth had first found the

trilobites could not be traced again ; a party, consisting of Mr. Middlemiss and

Mr. Datta, went up to the Salt Range to verify Dr. Warth's find. Mr. Middlemiss was

lucky enough to find at Khussak fort hill, besides other fossils^ some exceedingly

well-preserved Brachiopoda and numerous fragments of Trilobites. Mr. Middle

miss1 has given an exceedingly clear and correct section through the Neobolus shales

at Khussak, locating the beds containing fossils in such a distinct way that they can

be easily recognized again.

II.—The Geological Division of the Cambrian Formation.

My time being rather limited, I devoted my attention chiefly to the study of the

fossiliferous Neobolus shales, with rio further object originally, than my own

information ; but when in the course of these studies I found that the Neobolus

shales were intimately connected with the Purple sandstone below, and the Magne-

sian sandstone above, I extended my investigations to these two groups also. As I

had not, however, sufficient time to spare, I could not go into such details regard

ing the last two groups as I have done with the Neobolus beds ; and the sections

presently described deal chiefly with the structure of this series, and to some extent

with that of the Magnesian sandstone, while no details are given regarding the Purple

sandstone. However, one of the principal facts I elicited was, that there exists no

sharp well-defined boundary between the Purple sandstone and the Neobolus beds

(see section in Khewra gorge), the dark red or Purple sandstone passing gradually

by light coloured passage beds into the Neobolus beds. This proves that there is

no justification for dividing the lower Paleozoic Series of the Salt Range into two

distinct or equally important groups. Of course the Purple sandstone will always

have to be separated from the Neobolus beds ; but I do not think that the two-fold

division can be upheld. I, therefore, propose the following sub-division of the Salt

Range Cambrian, in descending order :—

4. Bhaganwalla group, or Salt-crystal pseudomorph zone.

J utana group, or Magnesian sandstone.

2. Khussak group, or Neobolus beds.

I. Khewra group, or l'urple sandstone.

The whole formation might be called the Punjab Province of the Cambrian forma

tion.

1. The Khewba croup or Purple Sandstone.

There still remain some most interesting problems in the Geology of the

Salt Range connected with this group; but not having studied its features in

detail, I do not venture to express a decided opinion. All I can say is that from

what I have seen, I fully agree with the hypothesis promulgated by Mr. Middlemiss,

1 Records, Geol. Surv. of India, vol. xxiv, page 24.
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regarding the quasi-intrusive nature of the salt-marl ; and that I thus no longer

consider it as an inseparable member of the series of sedimentary rocks forming

the Cambrian strata of the Salt Range. I do not want to dwell here on the origin of

the salt-marl, this hypothesis having been" so ably discussed by my colleague,

Mr. Middlemiss ; all I desire to say is, that having accepted the above hypothesis

as a most probable one, the salt-marl must be excluded from the series forming

the lower part of the Cambrian formation in the Salt Range.

Professor Waagen distinguishes four sub-divisions in his Purple sandstone

group, one of which has already been eliminated, namely, the Salt-marl. As regards

the other three, I agree with Mr. Middlemiss, who is of the opinion that Professor

Waagen's so-called lower Purple sandstone might much more easily be explained

as an inversion of the overlying Purple sandstone. There remain, therefore, only

the two upper members of Professor Waagen's sub-divisions ; as to the lower of

which I am not in the position to give a definite decision regarding its existence,,

because, as already pointed out, I have not so carefully studied the Purple

sandstone group as those higher up. Until further evidence is to prove the

contrary, we may therefore assume that • the Khewra group consists of two

divisions, the upper of which is formed by the " Purple Sandstone Group" of

Wynne.

For details regarding this group I must refer the reader to Mr. Wynne's able

memoir on the Geology of the Salt Range. All I can say here is that I frequently

found ripple marks, and that it seems to me that the Purple Sandstone gradually

thins out towards west. It is certainly not so well developed in the western as in

the'eastern part of the Salt Range. So far no fossils have been discovered.

Mr. Wynne states that the thickness of the Purple Sandstone varies from 200

to 400 feet.

2. Khussak group or Neobolus beds. •

The series immediately following the Khewra group has, from the- earliest

times, attracted the attention of the geologists working in the Salt Range, not only on

account of the marked way in which the dark shales of this group contrast with the

dark red of the Purple sandstone below, and the light cream or ochre colour of the

Magnesian sandstone above, but also because they are, whatever their real age may

be, certainly the oldest formation in the Salt Range containing fossils.

The Khussak group consists of a series of more or less light cream-coloured

Dolomites or Dolomitic sandstones in thin layers, alternating with thick beds of

dark purple to black shales. The latter being generally preponderating, the

appearance of this group is that of a dark-coloured band running along the slope

of the hills, and distinctly visible at a great distance. It is intimately connected with

the Khewra as well as with the Jutana group, although its boundaries are always

well and sharply defined. Mr. Wynne states that the thickness of this group varies

from 20 to 1 50 feet. There is no doubt that the Khussak group reaches its chief

development in the eastern part of the Salt Range, where it attains its greatest

thickness, and then gradually thins out towards west. I was unfortunately un

able :o visit those localities west of Khewra, where the Khussak group begins to

die out; and the study of the conditions in this part must be left to the future.

It will be highly interesting to follow the gradual changes of the Khussak group
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from east towards west, but for the purposes of that we must first study its typical

development in the eastern part of the Salt Range. The detailed sections which I

give further on have proved that the Khussak group may be divided into five

sub-divisions, which, although their "local development varies greatly, are easily

recognisable as such- from the position which they invariably hold in the sequence

of the beds, and from their fossils. These five sub-divisions are in descending

order :—

V. Zone OF Olenellus SP.— Dark compact shales thinly bedded, and subcocretionary,

micaceous, but not glauconitic, containing numerous specimens of Brachio-

pods probably belonging to the family of Trimtrellida, and fragments of

Trilobites, probably belonging to the genus Olenellus at some localities; at

others dark purple soft sandy shales without any fossils. Thickness 15

to 18 feet.

IV. Zonk of Neobolus warthi.—Thin bedded purple sandy and micaceous shales,

full of Neobolus warthi Waagen. Thickness appoximate.ly 15 feet. This

zone is separated from the preceding one by a band of hard glauconitic

sai.dstone of about 2 feel in thickness, which, notwithstanding its small

thickness, is very constant.

III. Upper Annelid Sandstone.—A series of hard cream-coloured sandstones, flaggy

and glauconitic, alternating with soft dark and shaly layers. Thickness about

40 feet. According to Mr. Middlemiss, the top layer of this sub-division con

tains many " broken shells " at Khussak fort hill, which I, however, could

not discover again.

II. Zone of Hvolithes wynnbi.— Dark purple shales with green patches, lumpy

, and very brittle. Thickness about 10 feet. Contains numerous specimens of

Hyolithrs wynnei Waagen, besides Neobolus (?) sp. and fragments of small

Trilobites.

I. Lower Annelid Sandstone.—A series of hard cream-coloured glauconitic

sandstones.alternating with darker shaly partings or soft sandy beds. Except

• one isolated specimen of fiyolithes and some bi-valves, the name of which

is not known to me, no other fossils have so far been discovered. The

sandstone, however, is full of those worm-like traces, which are considered

as the tracks of annelids. Approximate thickness about 50 feet.

Zone V varies very much in its petrographical aspect, and at such

places where it is typically developed as on the west side of the Bhaganwalla

ravine, the southern slope of Khussak Fort Hill, or the western branch of Khewra

glen, it forms two bgds of dark shale separated by a light cream-coloured micaceous

shale. The dark shale is hard, sub-concretionary, thinly bedded and contains

numerous fossils, which to my knowledge are the same in both layers.

When not typically developed as in the eastern branch of Khewra glen, or

the north slope of Khussak Fort Hill, or Bhaganwalla Fort Hill or numerous other

places, it consists of soft dark purple sandy shales containing no fossils. The most

striking instance of this facial development may be seen at Bhaganwalla, where

on the right side of the ravine, this zone shows its typical development, while just

opposite on the other side it shows its abnormal facies. We must therefore

suppose that at the time of its deposit, at some particular parts a dark clay was

deposited which formed the habitat of a fauna though small in species, numerous in

individuals, while at other places a sandy soft clay of dark purple colour was

deposited which presented unfavourable conditions for the existence of this fauna.
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The different facial development of this zone is a good deal responsible for the

erroneous view of the sequence of the faunas as given by Professor Waagen.

Professor Waagen was not in the favourable position of having his palaeontological

conclusions supported by a carefully-worked-out section, he having only such vague

terms as "glauconitic sandstone" or '* dark shales " to guide him; and

it is only too natural, that without knowing their relative position'a mistake would

occur. It is to be regretted that the first observer, Dr. Warth, was unable to specify

the position of the strata in which he found the Trilobites, otherwise this misunder

standing would never have occurred.

I have now to deal with the distribution of the fossils, as determined by Profes

sor Waagen, ihroughout the subdivisions into which I have divided the Khussah

group. I confess that this is rather risky, and I am quite prepared that one or an

other mistake will take place, but considering that Professor Waagen constructed the

sequence of the faunas in the Khussak group on the fossils as determined by him, I

must take the risk.

Howeverye have the following facts to guide us :—

l. Neobolus warthi, Waagen and the closely related form Neobolus wynnei, Waagen

do not from what we know at present ascend higher than ;rone IV,

They may probably occur in the lower subdivision, but to my knowledge

Neobolus warthi characterises zone IV.

a. Olenellus sp. is restricted to zone V at the top of the Khussak group.

On page 92 of his memoir, Professor Waagen gives a list of fossils, stating that

they come from the dark shales at the base of the group. They are the following

species :—

I. DiseinoUpis granulata. Waagen.

a. Schisopholis rugosa. Waagen.

3. Neobolus warthi. Waagen.

4. ,1 wynnei. Waagen.

5. Lahhmina linguloides. Waagen sp.

6. ,, squama. Waagen sp.

7. Linguta Hurensis W»agen.

8. • ,, warthi. Waagen.

o> Fettestella sp. indet. Waagen.

Altogether nine species. I refrain from expressing my views as to their specific

independence, but 1 think that even Professor Waagen will agree with me that

the Dtc/yonema-Vike fossil can no longer be considerd a Fenesiella. From personal

examination of these fossils I can however fix their positibn so far that I am

convinced that they do not come from zone V, the character of the rock still adher

ing to them proves that they must come from one of the lower .zones, most probably

from zone IV.

As regards the fossils mentioned on page 104, the following are from the

glauconitic sandstone :—

Olenus (?) indicus. Waagen

Trilobitti gen. et sp. indet.

Hyolithes ihussakensis. Waagen.

All I can say is that, to judge from the character of the cock, these fossils may

come from any horizon in the zones I to III, even IV ; most probably from zone

III ; they certainly do not come from zone V.
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As regards the fossils from the dark concretionary shales, vii.:—

Conocepkalites vartki. Waagen.

Trilotiltt gen. et sp. indet.

Hyolithes wynnei. Waagen.

Otthii narthi. Waagen.

we may at once *say that the term " dark concretionary shales " is as ill-chosen

as possible, and would lead to serious misunderstandings. Hyolithes wynnei is

imbedded in a rock of purple colour, differing in no way from that in which the

first-named fauna of brachiopods was discovered. The other three forms come,

certainly from a light coloured rock, and Dr. King's doubts as to the exact horizon

of Conocephalites war/hi Waagen are fully justified. If my views are correct

Hyolithes wynnei is chiefly found in zone II, although it may ascend higher up,

while Conocephalites warthi and the two other forms may come from any of the

bands of cream-coloured glauconitic sandstone that occur in zones I to III.

Now the result of this criticism is, that the faunas do not exist in the sequence

as depicted by Professor Waagen ; if we still adhere to the combination as given

by him, the sequence of the faunas in descending over would be— *

Neobolus fauna, .

Olenus fauna,

Conocephalites fauna,

if we take the Trilobiles as the representatives of the respective faunas. We would

therefore have quite the inverted order in nature from that given by Professor

Waagen on page 106, where he gives the sequence of the faunas as—

4. Olenus fauna.

3. Paradozides fauna.'

3. Olenellus fauna.

1. Neobolus fauna.

Now we further know that whatever their respective sequence may be, all the

three faunas ; Neobolus, Olenus, and Conocephalites are below the Olenellus fauna,

and the real sequence of the faunas would be in descending order.

4. Olenellus fauna.

3. Neobolus fauna.

2. Olenus fauna.

I. Conocephalites fauna.

Such a succession of faunas in the lower Cambrian would however be against

all experience if we suppose that the Conocephalites fauna represent the Paradoxides

fauna, and if Olenus (?) indicia is really an Olenus. As we however know for

certain that

(a) the fauna in zone V, as represented by the Oelnellus fauna, forms the top of

the Khussak group ;

(b) the Neobolus fauna (zone IV) is older than the Olenellus fauna ;

(c) That the two Trilobiles determined as Olenus (?) indicus and Conocephalites

varthi must come from beds that are either older than the Neobolus fauna

(zone IV), or at the outside contemporaneous with it

1 Professor Waagen considers the Conocephalites fauna as the equivalent of the Paradozides

fauna of Europe.
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we must come to the conclusion that the two Trilobites, determined as Olenus (?)

indicus and Conocephalites warlhi, do not belong to the genera they are supposed

to do, and that the two faunas, if they really exist as such, represent a perfectly

different horizon from what they were supposed to do by Professor Waagen.

Here we will have to wait for future discoveries to throw some light on this rather

vexed question.

All that we can say with certainty for the present is, that at the top of the

Khussak formation a fauna occurs, which is most likely the equivalent of the

Olenellus fauna of other countries, while for those faunas below it, no represent

ative can be found in the Cambrian strata of other countries.

Professor Waagen's view that the strangeness of the fauna of the Neobolus

shales may be explained by the fact that it is older than any other Cambrian

fauna, is therefore fully confirmed by the above arguments, only not quite exactly

in the way he was led to conjecture. Until proved otherwise, the following species

as representatives of the Neobolus fauna must therefore be considered as some of

the earliest forms of animal life, viz.:—

Neobolus warthi, Waagen.

Neobolus wynnei, Waagen.

Hyolithes wynnei, Waagen.

Besides which there existed undoubtedly a rich fauna of various species of

annelids which left their traces in the shape of various tracks on the surface of the

sandstones.

3. The Jutana or magnesian sandstone group.

No more unfortunate name could have been selected for this group than "Mag

nesian sandstone." According to the analysis of its author, Dr. Fleming,1 it is a

dolomite with an admixture of quartz sand. A specimen of Magnesian sandstone

will resemble any other rock but " sandstone."" The term Magnesian sandstone

having however been adopted in all the papers dealing with the geology of the

Salt Range, it would be inopportune to change it now.

The Jutana group is naturally divided into five subdivisions, which, although of

nearly the same petrographicai habitus, are easily distinguished from a long distance

even. The subdivision is produced by the occurrence of shaly, thinly laminated

beds which easily weather and crumble to pieces, thus forming gently inclined

sloping terraces between the bold cliffs below and above. The, sketch of Jutana

glen (see Plate 1) gives a very fair idea of the natural appearance of this group.

Hitherto the Jutana group has been considered unfossiliferous, except the

highly doubtful specimen of Sigmodus dubius, Waagen, which, in all probability

does not come from the Magnesian sandstone at all : I was, however, lucky in dis

covering the firstfossils which certainly prove the faunistic connection of the Jutana

group with the older Khussak group.

When going up the Bhaganwalla ravine, I noticed that the surface of a thin

band of hard limestone was covered with some fossils ; unfortunately I could, only

secure without blasting, a fairly-sized piece ; this, however, was sufficient to prove

that they represented a species of the genus Stenotheca. On my return, comparing

1 See Wynne's memoir, page 88.
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it with other species, I could not help noticing the great likeness witb Slenothtca

rugosa, var. aspera, Billings.1 If my view is correct, this species would form a

proof for the lower Cambrian age of the Magnesian sandstone.

" Besides this form, I found in a thin bed of rather hard clay, resembling very

much the dark shales of the Olenellus-zone, but being of light brown colour, about

50 feet above the base of the Magnesian sandstone, some brachiopods, in one

of which I think I recognize a Lingulella. Another one resembles very much

Schizopholis rugosa, Waagen, but I leave it to Professor Waagen to confirm these

views or not. Anyhow it seems to me that the lower part of the Magnesian sand -

stone group at least must also be considered of lower Cambrian age.

As already pointed out, the changes in the composition of the rocks produce a

natural division in this series ; in descending order we may distinguish the following

subdivisions, as coming in numerically over the five zones given in page 76 :—

X. Upper Maonbsian sandstone.—The same as the middle Magnesian sandstone ,

and forming like that a bold cliff : thickness 30 to 40 feet

IX. Upper passage beds.- Petrographically apparently the same as the lower passage

beds, and like those forming a gentle slope : thickness about 15 to 20 feet.

VIII. Middle Magnesian sandstone.— A series of thickly bedded grey dolomite

forming bold inaccessible cliffs: thickness about 60 feet.

VII. Lower passage beds.—A series of thinly bedded laminated sandy dolomite alter

nating with beds of greenish clay ; the planes of the sandstone are some

times micaceous and covered with tracks of annelids. Approximate

thickness 20 to 25 feet. The outcrop generally forms a gentle slope.

VI. Lower Maonesian sandstone.—This subdivision may again be divided' into two

parts ; the lower one consisting of thinly bedded layers of dolomite or

sandy dolomite, separated by thin layers of clay, and terminating in a bed

of brown hard clay, which contains brachiopods, although not very frequent

ly. In the lower parts pisolitic beds are frequently met with, and on the

plane of one bed at least, Stenotheca sp. is pretty common. The upper por

tion consists chiefly of thickly bedded dolomite of grey colour. The lower

part sometimes forms • sort of a slope, while the upper part stands out in a

bold cliff. Approximate thickness 100 feet.

The above division can be recognized everywhere in the eastern part of the Salt

Range, but it seems that already at Khewra the subdivision X, the upper Mag

nesian sandstone, has disappeared. Anyhow I could not trace it in section I, de

scribed in detail below. Now whether it really did not exist in that part, or

whether it has been denuded afterwards is a question that must remain open for the

present. As we know that the Magnesian sandstone gradually disappears towards

the west, it is not quite improbable that the Upper Magnesian sandstone, as noticed

near Bhaganwalla or Jutana, has already disappeared at Khewra. It would" be

highly interesting to follow the continuation of the Magnesian Sandstone west of

Khewra, and -to record in detail the changes that take place in its structure. I

am fully convinced that this would result in some remarkable discoveries.

4. The Bhaganwalla group or Salt-Crystal Pseudomorph group.

With reference to this group, I must refer the reader to Mr. Wynne's and

Professor Waagen's papers, as 1 have not devoted much time to its study, but

1 Charles D. Walcott. The fauna of the lower Cambrian 0: Olenellus zone. United

Stetes Geological Survey, Tenth Annual Report, 1888-89, Page 617, fig. 3.
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several things seem to me beyond doubt. It is certainly most intimately connected

with the Magnesian sandstone below, the flaggy layers can hardly be distinguished

from the dolomite below. It is further certain that it dies out rapidly to the west

and although still well developed at Khussak, it has nearly disappeared near

Khewra. No fossils have yet been found in this group.

I may here mention that at Khussak the top beds of this group have been worked

up in such a way by the boulder clay that boulders are kneaded into it, while flakes

of the Bhaganwalla group have been taken up and imbedded in the boulder clay.

No further instance is required for the striking unconformity above the Bhaganwalla

group, which was first noticed by Mr. Oldham.1

III.—Detaileo Sections.

Section I. In Khewra glen, just above the masonry wall damming up the

valley, western branch, in descending order.

17. Magnesian sandstone, thickly bedded, standing out in a bold cliff, approximately

60 feet.

16. „ very shaly and thinly bedded, forms a sloping escarp

ment 20 feet

!$• 1, thickly bedded and shaly towards the base, about too feet,

forms a c onspicuous cliff,

14 Daik blue hard shales, micaceous, but not glauconitic; thinly bedded, to some

extent concretionary ; thickness about 15 feet. OboUlla (?) sp. rare.

13. Cream-coloured sandstone, hard and flaggy in thin beds, 2 feet in thickness.

12, Dark purple shales, occasionally with green patches; brittle and lumpy, very

sandy glauconitic only to a small degree ; 15 feet in thickness. Neobolus

warthi Waagen, very common, <

II, Light cream-colouied sandstone, very glauconitic ; formed by a series of harder

beds alternating with softer layers, terminating in a well-defined bed of

about 2) feet in thickness of very hard cream-coloured Magnesian sand

stone. Total thickness about 20 feet.

10. Dark purple shales, lumpy and very brittle ; very glauconitic ; numerous tracks

of annelids ; 10 feet in thickness.

0. Dark purple sandstone, with lighter patches, micaceous and very glauconitic, 4 feet.

8, Cream-coloured sandstone, with purple patches, very glauconitic, 15 feet.

J. Dark gttyish-green sand, with purple patches, 20 feet ; the clayey beds getting

thicker towards the top, where they alternate with irregular layers of cream-

coloured sandstone, which become honeycombed or cellular where exposed.

0, Oreyish green sandy shales, 15 feet, the same as No. 4, but dark purple patches

occur frequently.

5. Dirty green, coarse sand, 2 feet 10 inches.

4. Greyish-green sandy shales, 12 feet 3 inches in thickness. The shale is thinly

bedded, and consists chiefly of thin layers of brittle sandstone alternating

with equally thin beds of clay. Numerous impressions of Annelid-marks on

the sandstone.

3. Light coloured conglomerate, 2 feet in thickness.

2. Greyish-green shale, 2 inches in thickness, which is followed by,—

/. Purple sandstone in thick beds, approximately not less than 200 feet In thick

ness ; the top layers gradually get lighter and eventually change into a

cream-coloured coarse layer which terminates the purple sandstone.

1 Records, Geological Survey of India, Vol. xix.
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Owing to the inaccessibility of the cliffs, the upper part of the section could not

be measured, and the thickness of the different strata is only given approximately.

The various beds, of which the above section consists, which form a bold cliff .

in the upper part of the Khewra glen, can be divided into three larger groups,

representing in descending order—

C. Magnesian sandstone approximately 180 feet in thickness.

B. Neobolus shales „ 140 „ „

A. Purple sandstone „ 200 „ „

The above three members of the Cambrian formation of the Salt Range are so

clearly visible from a long distance even, that they cannot possibly be mistaken, and

although if examined closely, they gradually pass into each other, there is not tne

slightest doubt as to the actual boundaries.

It now remains to be seen whether we are able to trace well defined sub

divisions in the above section. As regards the purple sandstone or Khewra group,

I did not try to sub-classify it, but as regards the Khussak and Jutana group

(Neobolus shales and Magnesian sandstone), some exceedingly well defined sub

divisions can be marked out.

In the Jutana group we can distinguish three subdivisions, viz., in descending

order :—

VIII. Middle Magnesian sandstone hard and thickly bedded; thickness about 60

feet.

VII. Shaly intermediate layer, with numerous annelid-tracks, about 20 feet.

VI. Lover Magnesian sandstone, shaly and thinly bedded in the lower, thickly

bedded in the upper part ; forms a bold cliff. Thickness about 100 feet.

In the Khussak group we can distinguish five sub-divisions, which are well

defined and which can be seen from a long distance, by either forming bold cliffs

or gently sloping escarpments. In descending order, the subdivisions are as fol

lows :—

V. Dark black shales ; zone of Olenellus sp. Thinly bedded and sub-concretionary ;

micaceous but not glauconitic. Forms a gently sloping terrace. Thick"

ness about 15 feet.

IV. Dark purple shales, lumpy and brittle, zone of Neobolus warthi, Waagen ; thick

ness 15 feet, separated from No. 5 by a bed of cream-coloured sandstone

(Nos 12 and 13 of the above section).

///. Clauconitie sandstone. A series of more or less flaggy, hard cream-coloured,

glauconitic sandstones, alternating with clayey layers. Thickness about 20

feet. No fossils except annelid marks.

II. Dark purple shales, lumpy and brittle, micaceous ; 10 feet ; no fossil remains except

annelid-tracks ; generally forms a gently sloping terrace. No. 10 of the

above section.

/. Glauconitic sandstone, a series of cream-coloured sandstones which are slightly

darker towards the base, alternating with softer sandy layers of generally

darker colour. Thickness about So feet, excepting annelid-tracks, no organic

remains. Includes in the above section the beds from No. 2 to 9 inclusive.

Section 2. In Khewra glen, just above the masonary wall damming the valley,

eastern branch.

In the eastern branch of the Upper Khewra glen, the Jutana group can be

studied a little more- in detail, Us owing to the northerly dip the strata composing

this group were brought within reach. As the beds forming the Khussak group

(Neobolus shales) are exactly the same as in the western branch of the glen, except
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that bed V (dark shales upper layer) is more like bed IV in its peirographical habitus,

it is unnecessary to reiterate them again. The Jutana group consists of the following

beds in descending order :—

5. Cream-coloured hard dolomite, in thick beds ; forms always bold cliffs.

4. Thinly bedded, flaggy, cream-coloured dolomite, with numerous tracks of

annelids on the parting planes, separated by thin layers of greenish clay :

generally forms a gently sloping terrace.

3. Cream-coloured hard dolomite in thick layers, separated by thiu beds* of

greenish clay. No fossils. Thickness about 70 feet,

2. Dark shale, pretty hard, thinly bedded and sub-concretionary ; contains Lin-

guella sp. 1 in small numbers. Thickness 1 foot 6 inches. This bed forms

such a distinct parting in the lower magnesian sandstone, that, notwith

standing its very small thickness, it can be seen from a long distance.

1. Cream-coloured hard dolomite, in thin flaggy layers separated by thin

layers of greenish clay. Thickness 95 feet.

Section 3. At Khussak Fort Hill, Southern Slope.

The lower part of this section could not be studied in detail, owing to the

steepness of the slope which rendered it inaccessible. Mr. Middlemiss' section

V forms the top of this section ; in descending order :—

12. Magnesian sandstone, in thin beds.

11. Dart, hard shale, thinly bedded and sub-concretionary, with numerous specimens

of Obolella (?) sp. and fragments of Trilobites. Thickness 3 feet 8 inch.

70. a. Dark grey, streaky, soft sandstone thinly bedded, thickness 1 foot 4 inch.

b. Light grey, thinly laminated, micaceous sandstone, in which darker streaks

alternate with lighter ones, 3 inches,

e. Dark brown coloured, thinly laminated, micaceous sandstone, which gradual

ly passes into the next bed ; thickness 3 inches.

p. Dark shale, thinly bedded, but hard and fissile; micaceous, contains fragments

of Olenellus sp- and Obolella (?) sp. Thickness 2 feet 9 inch.

8, Glauconitic shale, *6 inch.

7. Glauconitic sandstone, thinly laminated, '4 inch.

6. Glauconitic, soft sands!one,a\tern$Ltwg with layers of hard, cream-coloured sand

stone. Thickness 4 feet.

5. Glauconitic sandstone, very hard, 0*4 inch.

4. Dark purple shales alternating with flaggy layers of cream-coloured sandstone.

Annelid-aarVs very frequent. Thickness 5 feet.

3. Dark purple shale, with green patches, very micaceous, soft. Thickness 8 feet,

Neobolus wart hi, Waagen common.

2. Cream-coloured sandstone, alternating with irregular layers of purple clay, ter

minating in a bed of hard sandstone.

1. Purple sandstone.

In the above section, beds Nos. 3 and 4 represent No. IV in the subdivi-

sional grouping of the Khussak group which here has about 13 feet thickness ; the

sandstone parting between Nos. IV and V has 5 feet 2 inch in thickness, and then

follows group No. V, the dark fossiliferous shales which have an aggregate

thickness of 8 feet 3 inch, represented by the beds from No. 9 to No. 11.

Section 4. At Khussak Fort Hill, Northern Slope.

Although this section has been described in detail by Mr. Middlemiss, it will

1 The determination of this form is doubtful. I refrain, however, from anticipating

Dr. Waagen's views.
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be useful to give it here in detail, so as to make comparison with other sections

more easy. In descen ding order :—

It. Magnesian sandstone,

10. Dark purple shale, soft, lumpy and thinly bedded ; capped by a bed of cream-

coloured sandstone. Thickness 10 feet.

p . Cream-coloured sandstone, 6rm in the middle, but shaly towards the basis, and

alternating with clayey layers. Thickness 7 feet.

8. Dark purple shale, with green patches ; very glauconitic and micaceous ; contains

numerous specimens of Aeobolus warthi Wa.igen. Thickness 24 feet.

7. a. Hard cream-coloured sandstone, alternating with thin soft layers ; thickness

8 feet 6 inch.

b. Dark sandy shale ; ill seen ; thickness 3 feet.

c. A series of cream-coloured sandstone, alternating with thin clayey beds, terminat

ing with a bed of hard cream-coloured glauconitic sandstone. Thickness

8 feet.

d. Dark purple shale ; thickness 3 feet.

e. Hard cream-coloured sandstone 4 feet.

6, Dart purple and green shales ; contains Hyolithes wynnei Waagen, and

fragments of Trilobites.

5. a. Cream-coloured, flaggy sandstone; thickness 3 feet.

b Dark purple and green shales; thickness 2 feet.

c. Thinly bedded cream-coloured sandstone; thickness 3 feet.

d. Lumpy, dark purple and green shale, 0'6 inch.

*. Hard flaggy, cream-coloured sandstone ; thickness 7 feet.

/. Dark soft shale, 1 foot.

g. Cream-coloured glauconitic sandstone; thickness 3 feet.

4. Dark purple shaly sandstone, alternating with harder beds ; thickness 30 feet.

3. Cream-coloured, glauconitic sandstone, alternating with thin beds of greenish

clay; thickness lofeet.

2. The same as before; ill seen ; not measured.

/. Purple sandstone.

Comparing the details of Mr. Middlemiss' section, with that given above, it will

be noticed that we differ sometimes, but I do not think this of great import

ance, because as soon as several of the beds are taken as a whole it will be seen

that we fully agree as to the sequence of the strata.

In the above section ; Nos. 2 to 4 represent Mr. Middlemiss' series of "pale

cream-coloured, thin-bedded sandy layers with shaly partings and irregular mottlings

of hardened purple clay, glauconitic and micaceous." No. ^a-f, all the strata above

this, but below his Lower Gallery B ; No. 6 represents the Lower Gallery B ;

No. ja-e, all the beds above that but below the " thin bedded purple sandy and

micaceous shales"; No. 8 represents the " thin bedded purple sandy and micaceous

shales"; No. 9, the beds between this and the following stratum ; No. 10, the thin

bedded purple shales, inclusive of passage beds.

With the greatest ease we recognise in this section the five subdivisions of

the Khewra Section ; subdivision I, includes beds Nos. 2 and 3; subdivision II, bed

No 4, subdivision III, beds 5 to 7, subdivision II, beds 8 and 9, subdivision V, bed

No. 10. J need not go into details regarding Mr. Middlemiss' section, the five

subdivisions will be easily recognised in his section, but still more so if his sketch of

Khussak Fort Hill is looked at, where they will be distinguished at the first glance.

If we now compare the two sections of Khussak Fort Hill, it will be noticed that

they materially differ in the development of subdivision V. We can easily identify

J rn r in
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subdivision IV and the band of cream-coloured sandstone which separates it from

subdivision V, but the latter shows a totally different development. Mr. Middlemiss

has not expressed himself quite clearly in which way his section V correlates with

section IV, but if I interpret his section on plates 1 and 2 correctly, he thinks

that the dark shales containing the rich fauna of Brachiopods and Trilobites are

superimposed on the " thin bedded purple shales" above B„ or in other words

that they are not represented in his section IV. The examination of the Khussak

group, as developed at Bhaganwalla and Khewra, has however proved that this view

cannot be maintained, but that Mr. Middlemiss' beds C and C1( the dark fissile

shales, are only a facial development of the " thin bedded purple shales " with

which they are correlative.

Section 4. At Bhaganwalla Ravine, Western Branch.

The wild gorge just above the village of Bhaganwalla, shows some beautiful

sections through the strata from the Purple sandstone upwards ; and hardly a better

place could be selected for the study of the structure of the Salt Range, as some

model flexures can be studied here in all their details. As however the sides of the

ravine are either exceedingly steep or covered with debris from the Magnesian

sandstone, it has not always been possible to give the exact thickness of each single

bed, and in this regard the following section lacks in accuracy ; however I think that

this is not of very great importance, as in this paper I chiefly want to demonstrate the

sequence of the strata composing the Cambrian formation of the Salt Range, in order

to give a reliable stratigraphical basis for the description of the fossils. In descend

ing order :—

13. Dolomite in thick beds.

12. Dolomite, flaggy, in thin layers which are very brittle.

11. Dolomite, thickly bedded. Thickness 150 feet.

10. Greenish grey soft shale, well defined ; containing Brachiopods {Lingulella ? sp.)

in small numbers. Thickness from 6 inch to 1 foot.

9. Dolomitic sandstone, in thin flaggy layers, some of which are pisolitic, in the

beds near the base is a bed full of Stenotheca sp. Thickness 50 feet.

8. Dart Hue shale, hard and sub-concretionary ; contains the same fossils as No.

6, but in smaller numbers. •

7. Grey micaceous sandstone, alternating with dark clayey streaks, 3 feet.

6. Dart black shale, hard and sub-concretionary ; .contains a large number of

Obolella (?) sp. and Olenellus sp. Thickness 4 feet.

5. flaggy cream-coloured glauconitic sandstone, alternating with thin beds of dark

shale.

4. a. Dark purple shales, with green patches, soft and lumpy ; contains numerous

specimens of Neobolus wartki Waagen.

b. Bed of hard cream-coloured sandstone.

c. Dark purple shales, thinly bedded.

d. Band of hard cream-coloured sandstone.

3. Dark purple shales, thinly bedded.

2. A series of thin bedded hard flaggy cream-coloured sandstones, alternating with

beds of softer sandstone or clay.

/■ Purple sandstone.

In the above sections the five subdivisions of the Khussak group are not

so readily seen, owing probably to the incompleteness of the section directly above

the purple sandstone ; subdivisions Nos. V and IV can be recognized by the fossils ;

we know that bed No. 4 containing Neobolus warlhi must represent subdivision
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IV; then follows the separating bed of sandstone, while beds 6 to 8 represent group

No. V ; beds 3 a-d. must represent subdivisions II and . Ill, while bed 2 represents

the lower glauconitic sandstone. The chief interest remains in the fact that

subdivision V is developed exactly in the same way as at Khussak Fort, on the

right bank of the ravine, while just opposite on the left bank it shows exactly

the same development as on the northern slope of Khussak Hill.

 

The Giridih (Karharbari) Coal-field, with notes on the labour and methods

of working coal. By Walter Saise, D.Sc. (Cond.), F.G.S., A.R.S.M.,

Mem. Inst. Civ. Engineers, Manager, E. 1. R. Collieries.

The Giridih (Karharbari) Coal-field.

As every one speaks of this coal-field as the Giridih Coal-field and of the mines

as the Giridih Collieries, this name is suggested as a permanent title. Previous

references to this field are :—

Dr. McLelland in 1850.

Dr. T. Oldham in 1852 and again in 1867.

Mr. David Smith report to Government of India in April 1857.

Mr. T. H. Hughes, Memoirs, Geological Survey of India, Vol. VII, 1871.

Dr. O Feistmantel, Ser. XII, Vol. Ill, Palaeontologia Indica, 1879.

Dr. Walter Saise, N. E. Inst, of M. and M. E., Vol. XXX of 1880.

Dr. O. Feistmantel, Ser. XII, 1 Suppl. Pateontologia, 1881.

The map and sections were made for the information of the Board of Direc

tors, East Indian Railway Company, and they are placed at the disposal of the

Geological Survey of India for general information and permanent record.

The field is ifi the hands of a few owners, but its general structure which has

been thoroughly worked out, is interesting and should be a guide to explorers in

other coal-fields where similar problems may be presented..

The field took its name from the Mouza Karharbari which occupies only a part

of the coal area. It is situated in the Giridih Sub-Division of Hazaribagh and is

connected with the East Indian Railway chord line by a branch from Madhupur to

Giridih, 24 miles long. From Giridih station several branch lines serve the com

panies occupied in mining.

1 . Branch line to Karharbari Colliery, E. I. R.

2. Ditto Serampur ditto ditto.

3. Ditto Kuldiha ditto Bengal Coal Co.

4. Ditto Karharbari ditto Raniganj Coal Association.

All of these are shown on the plan.

The coal-field has an area of n square miles, of which 3! square miles axe of

the Talchir group, or unproductive measures, and 7 square miles are of the Barakar

group, the balance is the area of the two inliers of Metamorphic rocks. The

Barakar series contains the lower seam over its whole extent.
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A glance at the surface maps, Plates I and II, and the cross sections (Plate III

accompanying this report) will shew that the field is contained between two or more

parallel or nearly parallel faults which trend W. N. W. and E. S. E. On the east

of the field there is a natural boundary as determined by working and borings of the

Raniganj Coal Association, West, at Bayra, at Mathadih and Jogitand there are

small extents of natural or unfaulted boundary. In the main, however, the boundary

is faulted. Starting at Bayra we find the fault running eastwards and throwing the

Karharbari lower seam down to a depth of 450 to 500 feet. The fault is accom

panied by intrusions of trap which have seriously affected the seam for some

distance from the fault. Towards Giridih the boundary, for a time faulted, and

then natural, turns through Mowlichua and Kuldiha and then bends suddenly to

the east and runs towards Dandidih. From Kuldiha to Dandidih the boundary

is faulted, the lower seam being about 200 feet in depth (tee Sketch Section

Plate II).

In the Geological Memoir on the Karharbari Coal-field this ground is called

barren; see page 35 of Karharbari Coal-field, Vol. VII, Art. IV.

Here and there on the surface, patches of Talchirs (not shewn in the plan on

account of the scale) exist. A good example is seen in an incline made by

the Bengal Coal Company into a seam of coal (see plan II at N). The excavation

exposes the metamorphic talchirs and coal seam all faulted as in sketch (PI. VI,

fig. 1). At Dandidih the boundary turns back and a curiously complicated bit of

faulting is seen for some distance. At P an example of faulted boundary is well

seen in Baboo's inclines. This incline is opened In Talchir shales and exposes

the seam, as in sketch, fig. 2, faulted down to the north.

A large portion of the eastern boundary is apparently natural until we reach the

southern fault at Clioonka. Passing to the west along this fault we find two

patches of the lower seam, viz., at Choonka and Domahani exposed to-day.

Along the rest of distance the lower seam lies at depths varying from 200 feet to

1,000 feet.

The thick seams cropping out at Khundida, Kope, Jatcoti, Lopsadih and Oopardaha

Ghats are not representatives of the lower seam as mentioned in page 33 of the

Geological Memoirs on the Karharbari field, but belong to the highest beds of the

coal-field.

Along the southern boundary, as along that on the north from Kuldiha and

Dandidih, there are small patches of Talchirs brought up by the fault. At Oopardaha

is a good section in the Khakoo Nuddi.

A ridge of the boulder bed crosses the stream and separates the metamorphics

from the Barakars as in sketch PI. VII, fig. 3. On to the west the lower seam

re-appears at Satighat not quite naturally, but with Talchirs underlying it. From

thence to Eamnuddi and Dhobidih going eastward the boundary is concealed by a

fault. At Ramnuddi it is natural for a short distance and then faulted. The fault

forming the boundary there (from Ramnuddi through Moheslundih to Jogitand)

continues past the escarpment of the hills Bhadduah and Lunki and appears to run

into the faults which define the eastern boundary at Dandidih and Buriadih.

The boundary turns from Jogitand where it is natural across Mathadih (faulted)

to Bayra where it is natural and joins the northern fault at the starting point of this

description.
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Coal Seams.

The seams of coal, of which there are many, see Plate VI, may be"[grouped

thus :—

1. Hill seams.

2. Karhaibari seams.

The first group to claim attention comprises the Hill seams so-called, because

they were first noticed, and worked in the Bhaddoah and Lunki Hills which form a

distinctive physical feature of the coal-field. It must not be supposed that because

they are called Hill seams they do not occur elsewhere. They sink into the plains

on the south and the lowest of them is at Khundiha, 200 feet in depth. There are

four distinct areas in which these seams occur, and they can be seen in the skeleton

plan, PI. II, prepared to shew the structure of the field without the topography

which obscures the details. From east to west they are :—

On the east—

1. Khundiha, Kope, Pruthdee hill, Lunki hill, about 400 acres.

In the centre of field—

2. Bhadooah and Agdonih and Baniadih, about 230 acres.

3. Keri hill.

On the west—

4. Jatcoti hill and Oopardaha and Lopsadih Ghats, about 283 acres.

PI. Ill shews the sections of strata in these areas and the coal seams that occur.

These are many in number and great in thickness, though in the borings where

proved are not all good. The ash varies from 13 per cent, to 55 per cent. The

amount of ash is given in that section. The two Bhaddoah seams, which lie at the

base of these seams, have long been known, and the lower or Bhaddoah main

seam has been extensively worked by the Bengal Coal Company and East Indian

Railway. For many years 50,000 to 60,000 tons were raised from this seam.

The coal is easy working and the roof good. Cropping out in the hill sides, the

mines were easy of access for new and inexperienced labour ; and many hundred of

the coal-cutters were trained in this seam. The Bhaddoah seams occupy the whole

of the areas shewn, the overlying thicker seams only occupy a portion on the south.

The sections in PI, III shew that at Khundiha there is a total thickness of 80

feet in these seams. At Agdonih 33 feet and at Jatcoti hill 96 feet. It is probable

that some good coal will be found in such a thickness. The smallest and largest

amount of ash in each seam is figured in PI. IIL The relations of the Hill seams

to the underlying Karharbari seams, and the way they crop out in the hills and

sink to the south under the plains are exemplified in the sheet of sections across

the coal-field.— Vide PI. I. These sections are drawn to a small scale, so the

PI. II is drawn to ioofeet=i inch to give detailed sections of strata on the lines

of Section A.B. CD. E.F., and G.H.

Below the Hill seams come what I have called the Karharbari seams, viz., the

upper and lower seams. The lower seam exists in workable thickness over the

whole of the coal-field, but the upper seam is only found workable on the north of

the anticlinal at Bhandaridih, Chaitadih, and Mowlichooah. The lower seam extends

over the whole of the Barakars which cover a space of 7 square miles. It is
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tiniformly good, specimens from Sati Ghat, Ramnuddi Mathadi, Jubilee Pit (600

feet deep), 16A on the east and from 23D on the north being of the same quality.

The coal is softer in some places than others, and where the seam thickens as

it does towards the east up to as much as 30 feet in thickness, the lower part of the

seam is poor. There is, however, seldom less than 12 feet of excellent coal,—the

finest steam coal in India. The general section of the field, PI. IV, shews many

seams below the Hill seams; they are 4 feet thick and less, and it is not to be

expected that they will receive much attention until the lower seam becomes scarce.

They are useful as guides in boring and sinking.

It will be seen that the three greatest depths to the lower seam are at or about

boring 90 where main seam is probably about 800 feet deep.

Feet.

At Jubilee Pit, No. 1 ...... 700

Jatcoti Hill, No. 37 shaft 980

Oopardaha Ghat, No. 291 boring . . . 736

The topography and features of thejfield are not here described, as there is

nothing to add to former memoirs. For the same reason a detailed description of

the various beds of the Talchirs and Barakars is omitted.

terminology; talchir—barakars preferred to talchir—

Karharbari beds.

It will be observed from the surface map that all the rocks below the Karhar*

ban lower seam are classified as Talchirs and all above as Barakars. This is a

return to the classification of Mr. Theo. H. Hughes in his Memoir published in

Vol. VII of the Memoirs of the Geological Survey.

The proposal made by Dr. Feistmantel in 1879 and i88r to consider part

of the coal-bearing strata as more allied to the Talchirs than the Barakars, and to

call them Talchir-Karharbari beds appears to have been made on insufficient

grounds. The chief grounds were the rarity of Vertebraria indica (though later

they were found to be present numerously in the lower seam) and the presence of

large numbers of Gangamopteris in the Karharbari upper and lower seams

(1, 2, 3 of Geological Survey).

It should be noted that the Hill s earns (No. 4) were left to the Barakar sub

division, although Gangamopteris is found—it is said rarely. Apart from the fact

that the Karharbari upper and lower seams being of fine quality were opened

out in many localities and extensively worked, these seams contain shale which

preserve fossil plants. There was therefore every likelihood of finding an abundant

flora.

The Hill seams have been less worked and the strong sandstone roof rarely

preserves fossils. The shales, too, when present are micaceous and fossil imprints

are indistinct. Further, these seams have not been worked, except the Bhaddoah

seam, and fossils were for the above reasons few and far between. The fact that

Gangamopteris has been recognised in the Hill seams (No. 4 burnt, see Vol. Ill

of Geological Survey, Palseontologia Indica) and that Vertebraria indica is numerous

in the lower seam points to a connection between them.

b 2
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Since the above proposal was made a shaft has been sunk through the Hill

seams down to the lower seam, and the sandstones, 600 feet thick, shew no alteration

from top to bottom. There is certainly no reason on physical grounds for taking

any point in the 600 feet of strata and classifying the rocks above as Barakars and

those below as Talchir Karharbari beds. The lower seam forms, however, a

division between two very dissimilar series of rocks, viz., those lying above it and

those lying below. The sandstones, and they predominate, are all alike above the

lower seam and are different to those lying below in colour, grain and texture.

The evidence of the mineral character of the strata is strongly in favour of grouping

all the coal-bearing strata together, and the palseontological evidence is too weak to

upset this view. The strata from the top of the Hill seams down to the lower seam

are all known. They are chiefly sandstones, all of the same character and contain

few beds of shale and other rock. Below the lower seam, at the Mathadih end of

the field, there are peculiar greenish, yellowish loose sandstones, altogether unlike

the sandstones overlying the lower seam. At the Serampore end of the field the

lower seam rests on the blue Talchir shales.

Besides the inadequacy of the evidence for including some of the coal seams

with the Talchirs, it is also a great convenience to have some solid land mark

like the lower seam as the boundary between the two series — one altogether

without coal and rich in shales, and the other rich in coal and poor in shales.

For these reasons the lower seam and its rock floor are taken as the lowest

beds of the Barakars, all below being considered Talchirs. In this coal-field there

are no examples of overlap of Talchirs by the Barakars, indicating unconformability

Sandstones thin out and disappear in a few hundred feet and re-appear in as many.

For example, the thickness of sandstone between the Karharbari lower and upper

seams and Serampore near 16 A shaft of the East Indian Railway is over 400 feet.

At 40 shaft Karharbari Colliery it is 1 50 feet. Similarly, the 9 feet of sandstone

separating the two divisions of the lower seam at 16 A sinking dies out in less

than 300 feet. The disappearance of the Talchir sandstone in places is parallel

to the above examples and indicates only a want of material at the period of

deposition at that particular point and does not mean unconformity and all that

such a term implies.

The Talchirs exist all over the coal-field. Of this there can be no doubt, as

wherever the lower seam comes to-day, the Talchirs are found, and all round the

boundary, as described above, the boundary faults have brought up patches of the

Talchirs. The total thickness of the whole of Talchirs, where best developed at

the Sookmed nuddi, east of Buxidih, cannot be more than 300 feet. The greatest

thickness of Boulder bed is 22 feet, and yet we meet these beds all over the field.

This is a proof that there was no period of erosion between Talchirs and Barakars

in this field. The difference between the conditions of deposition of the beds of

Talchirs and Barakars is, however, great and the different facies of the two groups

justify their separation.

Faults and Dykes.

Faults are numerous and are sometimes of great throw in the coal-field. They

run more or less parallel to the boundaries of the field. They die out rapidly and

increase in throw rapidly. The same fault sometimes dips to the north and a short

distance away it turns to south. Faults occur in the lower seam that do not exist
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in the upper ; and the throw of a fault in the lower seam is greater than in the upper

seam. This indicates that faulting takes place along old lines of fracture. No

cases of reverse faulting have been observed in this field. All the faults can

be read by the usual rale that the dip or hade of the fault shows the direction of

dislocation.

Dikes are not shown on the map, partly because they are laid down in the map in

Vol. VII of Memoir, and because they would crowd the plan with too many details.

The existence of dykes on the surface does not indicate the extent to which the

seams are damaged which they traverse. A dyke that crosses the seam vertically

on its way upwards damages only a few feet. As* a rule, the greatest damage is

done when the trap intrudes into the seam coking and charring thousands of tons

of coal and yet never showing on the surface of the ground.

Two examples are here given from the lower seam (PI. VI, figs. 4, 5):—

33 E. Sinking. 23 D

Roof. Sandstone roof.

Jhama 2-0 Jhama 1.4

Trap 1-0 Trap 8

Jhama 2-6 Jhama 3-0

Trap 1-6 Trap 2-4

Jhama 2-0 Jhama 6-o

Trap . 2-0 Coal 8-0

Jhama 2-0

Shale 4-0 Fire-clay floor.

Sandstone

Jhama is the native term for coked or charred coal. It is interesting to note

that natives have got to understand the relations of dyke matter to the burnt coal.

The traps in the above examples are mica peridotites.

There appear to be two or three kinds of trap in the field and a bed just under

the Khundiha seam that looks like tuffa. As Mr. T. H. Holland of the Geological

Survey has this matter in hand, no more is said here on the subject. An

.interesting chapter will doubtless be the result of his investigations.

One point seems worthy of attention, and that is the probability that the faulting

that formed the field contributed at great depths to the production of the trap.

An interesting example of a boulder brought up in a trap dyke right through the

Talchirs into the Karharbari lower seam was found in 23 B shaft. The

boulder was about 3 feet in diameter and was from the metamorphic rocks under

lying the coal-field.

Economic Summary.

The main source of mineral wealth of the field is the lower seam which is of

uniformly good quality and considerable thickness. The quantity of ash in the

coal varies from 3*5 per cent, to 12 per cent., but the average composition may be

taken as under :—

Fixed carbon . . . 66 84

. Volatile matter 24 42

Ash ........... 9'5

Specific gravity • i'35

The coal cokes easily, both in open kilns and in closed ovens, both of which are

at work in the coal-field. The outturn of coke is not inconsiderable and probably

amounts to 30,000 tons per year, which quantity finds a ready sale and is used largely
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on the East Indian Railway. The foundry coke made from this seam is very dense

and will not float in water. The excellent steaming power of the coal may be seen

from the results of its use by the East Indian Railway Company. The high Speed

of the mail service by the chord line shews that the fuel is good.

The area occupied by the lower seam is 7 square miles or 4,485 acres exactly.

The average thickness of this seam is 1 5 feet 4 inches (see Plate V). The quantity

of coal in this seam is therefore 112,836,712 tons.

The upper seam is also a coal of excellent quality but of limited extent. It will

be seen in the shaft and boring sections that except on the north of the anticlinal in

the area drained by 23D shaft of the East Indian Railway Company, it is so thin

as not to attract attention. The composition of this coal is as under :—

Fixed carbon ......... 60*46

Volatile matter a8n

Ash irorj

Specific gravity . • .... ... i'33

This seam is worked over an area of 1 50 acres. In Plate V, it will be seen that

the average thickness is 6 feet. This means a tonnage of i,452.6oo tons. The

seam will be exhausted in about five years' time.

The Bhaddoah main seam, formerly extensively worked, is now left unworked.

The following are two analyses of the seam where it was largely worked :—

Fixed carbon 61-03 6145

Volatile matter 25*37 20-46

Sulphur o-8o

Ash !3'<5o 18-08

The specific gravity is . • . . .... 1-40

This seam is not so persistent in quality as the Karharbari upper and lower

seams. It extends over 913 acres but we may take only 400 acres to allow for

variations in quality. The average thickness is 6 feet (vide Plate V). This means a

tonnage of 4,083,840 tons.

Of the rest of the hill seams it is difficult to forma conclusion. The total average

thickness, excluding Bhaddoah main seam, is 66 feet, and this over an area of 200

acres, which is probably the total area covered by these thick seams, there would

be 22,461,120 tons. As much of this is bad, it would not be wise to take all this into

account in computing the available coal in the field. Much of it, however, contains

20 per cent, to 25 per cent, of ash only, and this can be worked and sold especially

in times of heavy demands. The coal can be cheaply worked and sold cheap-

It is proposed therefore, to consider that a quarter of this amount is available or

5,615,250 tons.

Summing up, we have coal in —

Tons.

Lower seam 112,836,712

Upper seam. 1,412,600

Bhaddoah main seam .... .... 4,083,840

Other Hill seams 5,6«5,25o

123,988,40a
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For faults, trap, intrusions, and loss in working allow 25

per cent 3°,997,loo

Tons.

Already raised from 1857 to December 1893 . 9,358,000

Probably lost in working ..... 1,000,000

92,991,302

10,358,000

82,633,30a

The present output from this field is about 600,000 tons per annum. At this

rate the life of the field may be taken at 138 years.

Amountof coal owned The East Indian Railway Company own 3,341 acres

by East Indian Railway of the Barakar series and the quantity of coal in the lower

Company. seam an(j Uppe)r geam js—

Tons.

Lower seam . , 84,055,064

Upper seam . # 1,452,600

Totai , 85,507,664

Less 25 per cents for faults, traps, dykes and loss in working 21,376,916

• Net . 64,130,748

Deduct- already worked 5,858,000

58,272,748

which, at an output of 400,000 tons per annum, means a life of 145 years. The

lower and upper seams only are taken into account as the hill seams will not work

to the high standard required by the Locomotive Department of that Railway.

In 1861, in his paper on the Ranigunj coal-field, Mr. W. T. Blanford de

scribes the method of mining in that field. This may be taken as typical of the

system in vogue in India at that time ; so it may be as well to describe the methods

in use in the year 1894 in the Karharbari Coal-field. It will show that in 33 years

considerable advance has been made in mining methods and appliances.

The field is owned by the East Indian Railway Company, the Bengal Coal Corn-

Owners Panv> tne Ranigunj Coal Association, the Equitable Coal

Cbmpany, and a few native owners.

There are no open workings and very few shallow ones. Inclines are still used

Collieries 10 'et men wa'k t0 tne'r fork even when the working

places are 500 feet deep from surface. The miner and his

wife like the comparative freedom that follows from this mode of ingress and egress

as compared with shafts when people can only be raised when coal winding ceases.

Efforts are therefore made to preserve these incline roads, as it is a matter of im

portance to please the miners

These vary in depth from 80 feet to 650 feet and are of varying sizes from 10 feet

to 14 feet diameter. In the East Indian Railway collieries
' s or 5 11 ' the favourite shape is elliptical and the sizes are 15x13 and

13x11. The number of shafts in the field is large, but sinking is not expensive
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and the shaft never requires lining except near the surface or in a faulted stretch of

ground. The faulted nature of the field has also increased the number of shafts, as

Indian stone-cutters are first-rate sinkers but slow drifters, and it is a quicker job

to sink a pit than to cut a fault in cases where coal is shallow. Shafts are sunk by

natives who have learnt to use dynamite and electric firing; the average rate of

sinking has risen to about 15 to 30 feet a week.

Coal is drawn out of shafts in cages in iron and wooden tubs holding from

8 cwt. to 12 cwt. each. Nearly all shafts are fitted with

^Methods of drawing guides of rope or ^ Qr WQodj ftnd handsome pit_heads of

lattice iron work or teak wood have taken the place of the

gin pillars of 20 years ago. Winding engines vary from direct acting (Bengal

Coal Company) to second motion engines, and no gins are now at work in the field

for raising coal. There are still a comparatively large number of shafts at which

small quantities of coal are raised, but the increasing depth of new winnings will

lead in a few years to concentration of output to fewer shafts ; and machinery capable

of pulling out 4<x3 to 500 tons per day will be required.

Coal is also hauled out by hauling.engines, the roads being of 1' 9" gauge and

number of tubs hauled in a journey 6 to 8.

Is done by powerful pumps—15" plunger sets— 12" lifting and 9' lifting and

Taneye's specials. The East Indian Railway Company hasDraining. OJ . r . . „ . ^ ' . ^

a pumping engine, by Hathorn Davey, that raises 1,200

gallons per minute from a depth of 420 feet.

The broad guage (5* 6") line is carried into each of the three Companies' col-

f c al Heries to a convenient spot—where coal is loaded irxo
Carnage o coa . majn line wagons. Metre gauge and smaller lines are in

use for conveying coal to these wharves.

The mines are free from gas. One or two explosions have occurred, but as

kerosine oil was used in the places, it is not conclusive that

the explosion was due to fire damp and not to kerosine oil.

Ventilation is good, the number of shafts making it easy to create and main

tain air currents. There are many furnaces in tha coal-
Ventilation. . ., , .. .

field for ventilating purposes.

The mines are pleasant, the average temperature being about 8o° F., but as the

temperature in the shade on the surface rises to 1120 F. in
Temperature. not weather, this is not excessive.

Underground the coal is loaded into tubs by women and lads, and the tubs are

in cases pushed by the same persons to the shaft or else led

Sending coal under- by horses. Self-acting inclines for rise coal and hauling

Braun ' engines for dip are in common use. The guages of under

ground tramways vary from 1' 9* to 2' o* and the rails from 15 to 19 lb per yard.

The underground tubs are of iron or steel, or wood with steel wheels 9" or 12*

diameter.

Systems of work.

The general system in use is the pillar and stall. The pillars are of varying

size, from 12 feet square, in thin seams with strong coal and strong roof, to 100 feet

square in the thick st am with soft coal and strong roof. The galleries are usually
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10 feet or 12 feet in width. In the thick coal only the upper 7 feet is worked first, the

bottom coal being left to strengthen the pillars. The tramways are all laid on the

bottom coal and this leads to the inconvenience that when the bottom of the seam

is cut up, the coal has to be carried up to the tram line. The pillars are worked out

and the following is a description of the methods adopted to suit varying sizes of

pillars and qualities of coal and roof.

Taking thin seams first. The coal has been divided into pillars of from 12

. „. to 20 feet square in a seam 6 feet to 10 feet thick, the
In thin seams. ... ^ , , , , _,, ,, .

coal being strong and the roof good. The galleries vary

from 12 to 15 feet in width and were cut without any special trouble; and the

roof being good, accidents were very unfrequent. In taking the pillars out

the system has been to set chocks 10 feet square (of dressed timber) as in sketch

(vide Plate VII, fig. 6). The row of pillars, three or four only, are then rubbed

off until a small stump of 4 feet square is left. The chocks are then taken out.

These stumps are valuable indicators of weight, as their cracking foretells a fall,

and as the roof is very solid, the fall is always heavy, and violent air-blasts

occasionally cause accidents. When the indicators give notice {boli-deta, as

natives say), the work is stopped on the next row of pillars until the roof is safely in.

In some mines, the section is as under. (See Plate VII, figs. 7, 8.)

The 10 feet seam has been cut up into pillars and when they are taken out the ob

ject is to get the 2 feet 6 inches of .coal overlying it—this being a solid bed, two

pillars are taken out in one operation. The band of stone, 2 feet to 3 feet thick,

between the coal seams is jointed, and all the cleats in the coal run through it.

The two pillars are cut out until there are two stumps, 6 feet square each, and

the place is timbered with props 3 feet apart and with several 10 feet square

chocks, when the stumps are reduced to 6 feet, square holes are bored in them and

charged with dynamite and prepared fuses and detonators, and cotton-wick,

soaked in kerosine, fastened on the fuses. The timber is then drawn by

two Europeans, the cotton-wick is lighted by torches at end of long bamboos

and the stumps blown out. The band of stone and roof coal fall. The

main roof being thus newly exposed, is generally good, and after careful sounding it

is generally found possible to load up all the fallen coal without timbering.

The above system is also applied to the upper seam when it has the section

shewn in PI. VII, Fig. 9. The 4 feet is sub-divided into pillars and the top coal

is dropped in the goaf and loaded out.

When the main roof has fallen, a row of pillars or a rib 10 ft. thick of the roof

is left to take the broken edge and a new face started as in fig. 10, PI. VII.

In the following section (Figs. 11, 12, PI. VII) the coal has been divided into

, ... , pillars in each seam from 20 feet to 40 feet square by roads,
In thick seams. \ , ... ..

from 10 feet to 12 feet in width. The pillars m the upper

division are exactly over those in the lower division. The roads were first driven

in the upper division and boreholes put through at the junctions of the roads as a

guide to the coal-cutters in the bed below. These holes are used as guides in

setting cogs or chocks when pillars are to be taken out, so that each cog in upper

bed is directly over one in the lower.

The places are well timbered in each seam and then the pillars, one or two at

a time, are reduced to 6 feet square. The timber is then drawn in each bed



96 Records of the Geological Survey of India. [VOL. XXVii.

commencing in the upper bed. One row of props is drawn in upper bed and then

one in the lower, until all the timber that can be safely got is taken out. The roof

soon follows the timber drawing and the 6 feet square stumps left give early notice

of a weight.

As many as three divisions have been worked this way. It was found on trial

that the coal could not be gotten in the goaf, as described in previous case—roof

followed too quickly, so the whole of the sub-divisions were worked into pillars,

pared down, and the stumps d blown out and remainder of coal falls.

In the thick seams, varying from 12 feet to 22 feet of coal without partings and

with a solid sandstone roof 30 feet thick up to next parting, the following system

has been in use.

The seam is divided into pillars in the upper part of the seam, the floor being

left solid so as not to weaken the pillars. The pillars are from 30 feet to 100 feet

square. When the time comes to take out the pillars, a row of five or six, either dia

gonally or in a line, is taken and the bottom coal is cut up all round each of them.

If the coal is strong, they are undergone in the lowest part as in sketch (Fig. 16,

PI. VII). A road or jenkin is driven through the pillar towards the goaf. The

half pillar next the goaf is undercut and timbered with props, except two knobs B

and B, 4 or 5 feet square. The timber is then drawn and these knobs blown out

and the top coal dropped and loaded up. The remaining half of the pillar is got

by widening out the jenkin as at C, timbering with 5 feet props 3 feet apart.

Where the pillars are crushed and old the pillars are taken out in a line. The

bottom coal is cut along Gallery A.B. CD. and A.H., B.G., C.V., and DI. Slice*

are then takeD off the pillars as in sketch (Figs. 13, 14, PI. VII), commencing at

the top of pillar until all is removed. Chocks of 10 feet squared timber and roller

(round props 7 inch diameter) are put up where needed.

Sometimes, in fact, always, until the main roof starts to work, the whole of the

coal can be taken out. After a heavy fall of main roof a row of pillars or half pillars

is left against the broken edge as in sketch (Fig. 15, PI. VII). Several rows can

then be taken out completely. The pillars then left afford valuable indications of

coming weight, and each morning before work and hourly through the day the

officials listen for the cracking of these indicators.

Some falls are very heavy—400 feet x 1 50 feet in area and about 30 feet in

thickness. They cause heavy blasts of wind which put out all the lights in the

mine and sometimes blow out doors and stoppings. When the indicators give

warning of an approaching fall, all work people are stopped until the fall is down

and all quiet. Sometimes the stoppage of work lasts a week.

Where the roof breaks up readily in consequence of shale or thin coal bands

over the main coal, another system is in vogue, see fig. 17, PL, VII. The pillars

are split as at A. and galleries widened out, timbering as required until two knobs

6 feet square are left on goaf edge. The timber is drawn and these knobs blown

out and roof dropped..

An important modification has been in work for a few years, the principle of

K7 . , which is not to divide the coal into pillars in any of the
New system of work. ..... , , . ,

seams, but to divide, the area to be worked to any particular

shaft into large blocks or districts by roads driven to the. boundary of the district

and then to take the coal out. By this system the danger of losing a large area of
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pillars by creep is altogether avoided. The very strong roof over the Karharbari

lower seam is very liable to creep and the thickness of the seam and friability of

the coal greatly assists this movement.

In a seam 18 feet thick, the system is as in sketch, fig. 18. A series of faces

en echelon are each 100 feet in length. Two pillars, 40 feet x 30 feet are cut

out as shewn in sketch, fig. 19 in the floor of the seam, the roads forming them

being 10 feet wide. These roads are made 5 feet 6 inches high. The pillars are

then pared off until there are three stumps 6 feet square, two of them being in

the corner pillar next the goaf, and one in the other pillar. Props are set 3 feet to

4 feet apart all over the place. When all is ready the props are drawn and the

stamps or knobs being blown out, the roof coal falls and is loaded out. The roof

being freshly disclosed is good and does not fall for weeks. When a main fall

occurs a rib is cut off about 10 feet thick, the full height of the seam. This steadies

the roof and indicates the coming of the next main roof fall. See sketch fig. 20.

This system has so many distinct advantages that it will probably supersede

the pillar method altogether. There is no fear of fire ; there is no area of pillars to

creep and there is no worry about watching pillars to prevent miners robbing them

and reducing their size and strength ; and if a fire occurs the mine is not lost, as a

few stoppings will shut the district off, whereas in pillars and stall workings the

mine is practically all roads.

In sinking, the jumper is used of 1 J steel octagonal. The shorter ones are

pointed and used for cutting and dressing sides. The long ones are chisel-ended

for drilling holes. These crowbars or sabels or jumpers vary from 6 feet to 12 feet

in length. The coal measure sandstone is easy to sink in and fairly rapid pro

gress can be made.

There are two systems of sinking. One is to cut a trench (or khanjd) round

the edge, and in this way defining the size and shape of the shaft (Pi. VIII, fig. 1).

This trench is cut 2 feet deep and in it water collects. The holes are bored to

blow off the core left and powder or dynamite used for the purpose. This is a

slow process, but it leaves the sides of shaft perfect. '

The other and quicker method is to blow out the centre of shaft by sumping

shots fired simultaneously and then to blow off the sides until full size of shaft is

reached. By this means 4 feet a day can be done, but the sides of shaft are rough

and require constant examination during the progress of sinking. The sinkers

have got used to dynamite and electric firing and understand that during a thunder

storm it is unsafe to charge the holes for electric blasting.

The same jumpers are used for underground work even in making overhead

holes, the drill and hammer have never come into general use. In coal cutting

the picks used are shown in sketch (PI. VIII, figs. 2, 3). Fig. 2 shows the 3ft

Hardy Universal pick a great favourite in India, and fig. 8 a pick used

largely in East Indian Railway collieries. The helves are made of sal wood,

and the picks and handles are supplied to the miners by the colliery owners. The

rest of his tools are kamcha, a piece of bent sheet iron, see sketch (PI. VII,

fig. 4) for scraping with both hands the slack and dust together to load into the

root or bamboo basket in which it is carried to the tub or tram. .This kamcha is

preferred to the shovel even when the tub is close to the face. With the kamcha

a person works sitting or squatting, only rising when basket is full to empty it

into the tub, whereas with a shovel he has to stand and use it.
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Lighting.

Where castor oil is burnt as in the East Indian Railway collieries, the miners

use a lipped earthenware ckiragh or lamp 3'' diameter. This is supported by a wire

suspender, see sketch (PI. VIII, fig. 5). A length of fencing wire is stolen or

begged, and the strands at one end opened out and passed round the earthenware

.chiragh. Some of them have a wire chain with tongs attached to trim the wicks.

This lamp will . stand on the floor, or can be hung against a prop or on road side.

The lamp is first soaked in water when new to prevent absorption of oil on first day

of use. A little cotton waste is laid from the lip inwards and oil dropped on the

wick. As oil burns up it is replaced from trie store. The chiraghs never have

much oil in them, so that in case of accident little is wasted.

Where kerosine oil is used, tin lamps " dibia" are in use. One is shewn in the

sketch (PI VIII, fig. 6). The kerosine oil is kept and carried in beer or wine bot

tles. The flame from this oil is smoky and disagreeable, and in mines with limited

ventilation must be dangerous. The writer remembers a case where, against the

rules, some pump men used kerosine oil and upset the oil on the water they were

engaged in pumping. It there either exploded or simply lighted, but it burnt two

men severely and it was reported as an outburst of gas. Enquiry showed it to be

kerosine oil.

Labour.—The greatest misconception exists regarding the labour employed in

this coal-field.

The Bawris, who were introduced some twenty years ago to teach the local

labour, have to a large extent left and taken their bad habits with them.

The labour is composed of :—

1. Mahomedans.—Julas, etc., about . . . 30°/,,

2. Hinduited aborigines.—Ghatooars, Kahars, ■»

Dosadhs, Masahurs, Tooris Chamars, Raj- {6o°/o

wars and Bawris. J

3. Aborigines, Kols and Santals . . . I0°/o

A list of the various castes is given at the end, and those interested in such

matters can get full information as to the social and religious customs of these

people from that excellent publication, " The tribes and castes of Bengal by H.

Risley."

These people make good steady miners, are not given to excessive drinking, are

mostly well-to-do, and the majority are not dependent wholly on mining, but

cultivate plots of land and own cattle.

The various companies have attracted labour by easy leases of land.

As cultivation (rice) takes only a few months of the year (3 months), the rest

of the time can be spent in colliery work. Most of the miners, the writer knows, can

do without colliery work for many months together, and they are in an incomparably

better position than miners in England, who have not yet gone beyond, and some

have hardly reached a living wage. As long as the Indian miner sticks to his

cultivation and declines to become a collier only, he has a good time before him,

as he can fix his own terms of wages and period of work. There are few or no

quarrels between employers and labour ; one finds that the men are dissatisfied by

their non-appearance at work and then negociations take place. *

The labour is paid weekly either on Saturday evenings or Sunday mornings.
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This js a point to be noticed, as in the Ranigunj and Jherriah Coal-fields the pay

ments are made daily. Wages are always paid in cash and, except in cases of

contractors, the truck system is unknown. Even amongst contractors the " truck "'

system is a modified one. It consists in providing food from a certain shopkeeper

who puts the price on a bit. This system is in vogue among the new arrivals who

have not settled down comfortably, or to the few unfortunates who never can save.

Payment to miners is made by the tub or tram or bucket, and varies according

to nature of the coal and the system of work. For cutting

Wages. coaj -n tjie jqJjj an(j on pj]]ars the ^es vary from 2 annas

6 pies to 4 annas per bucket or tram for large coal, and 6 pies to 9 pies per bucket-

or tram for small coals. In dropped coal the rate for small and large is the same,

viz., from 1 anna 6 pies to 1 anna 9 pies per bucket or tram, as the coal has simply

to be loaded up. These prices include leading to either shaft bottom or to some

station in the mine. This depends on the size of the mine.

The average wages of miners is Ri-1-0 per head per gang per week. Thus a

man and his wife alone will earn 82-2-0 per week. Three members of a family

count 83-3-0 for their total earnings per week. This is excellent pay compared

with wages in the district and is better than daily wage work on the surface which

is 2 annas 6 pies per day per man and 1 anna 6 pies per day per woman. The

chief charm of the coal cutters' position is that he has not to work to time. He gets

up early, attends to his own affairs, has a good square meal and goes to work at

8 j>.m. At 4 p.m. he is out again to wash and go home. Daily labour works to the

bell or whistle, and is in harness from 6 a.m. to 6 p.m. with intervals for rest.

Wages are so good that the main body of coal cutters never work on Mondays.

They take all the other holidays they can, but they are willing to sacrifice some

holidays if work be emergent and coal wanted badly. The wages of coalcutters

decide the rest of the wages paid; coal cutters get the best wages ; stone cutters and

sinkers come next. The latter, however, prefer the cleanliness of stone work to

dirty coal getting. Ordinary labour is the worst paid.

The main source of food supply and of news of friends and relatives is the big

Whitty-bazaar founded by the East Indian Railway

Bazaar. Company : over 30,000 persons resort weekly on Sundays to

this bazaar to buy food and gossip ; and never a stroke of work is done on

Sundays in the Karharbari Coal-field.

Every article from a small tooth-comb (a favorite requisite of women), Santas

feeding bottles (the Indian mother has learnt its use), slate pencils, Manchester

goods, shoes : in fact everything the people want and don't want can be purchased

here. It is not too much to say that the founding of this bazaar did more to settle

labour than anything that was done ; and making it a Sunday bazaar gave the rest of

the week to work.

At this bazaar the people lay in their weekly wants and the women (who receive-

the pay from their husbands) give a share to their men and Sunday sees a good deal

of drinking, but there are few sots and few cases of ruin to families through drink.

Education has taken root in this coal-field ; and over 1,500 children attend

schools where they receive a thorough but elementary education. The demand

for educated men- is on the increase, as mining sirdars and foremen are now

expected to write reports on their work as in English collieries. Rules for signalling
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conduct of the mines etc., can be seen posted up in the field and if the men them

selves cannot all read them they are pleased to hear their children do so.

Lists of castes engaged in collieries in the Giridih (Karharbari) Coal-field.

Mahomkdans—

1. Julahas.

2. Fathans.

3. Sheikhs.

4. Kalal.

Hindus and Hinduizkd aborigines—

1. Brahmans. ) _

3. Ghatowars or Bhuiyas.

4. Kahars.

5. Moosahars (also called Bhmy&J—not to be confounded with 3.

6. Dosadhs.

7. Chamars.

8. Toories.

9. Bawris.

10. Rajooars.

11. Gopes or Goalas (4 castes).

12. Moholis.

13. Coomars.

14. Burhis.

15. Koeris.

16. Dhoby.

1 7. Hazam or Nowa.

18. Morrick.

19. Teli.

20. Beldar.

21. Pasi.

22. Sonar.

23. Lohars.

24. Sundi.

25. Poojahar.

26. Kurmi.

27. Malla.

28. Hari.

29. Gosae.

30. Halowai,

2. Kaisthas and Kaiths

 

Aborigines—

1. Santals.

2. Kols.

Christians—

1. Europeans.

2. Native Converts.

3. Do. (Santals and Kols).
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On the Occurrence of Chipped (?) Flints in the Upper Miocene of Burma.

By Dr. Fritz Noetling, F.G.S., Paleontologist, Geological Survey

of India. (With a Plate)

While engaged in mapping out a part of the Yenangyoung oil-field my attention

was particularly directed to the collecting of vertebrate remains, which are rather

common in certain strata around Yenangyoung. One of the most conspicuous beds,

palseontologically as well as petrographically, is a ferruginous conglomerate, up

wards of ten feet in thickness. This bed may be distinguished a long distance off

as a dull-red band, running, in a continuous line, across ravines and hills. Besides

numerous other vertebrate remains, such as Rhinoceros perimense, etc., one of the

commonest species is Hippotherium antelopinum Caut. and Falc. of which numerous

isolated teeth can be found.

While stooping to pick up the fine lower molar which is figured in the accom

panying plate, my attention was drawn to some curiously shaped flints partly imbed

ded in the ferruginous conglomerate. Next to the molar just mentioned, I found

the fine specimen figure 2, — ; and on looking further about I found about a

dozen or so of other flints, some of which are figured on the same plate.

Before discussing the geological position in which these flints were discovered,

it will be useful to describe shortly their appearance. As regards their general

shape, we may distinguish three types, viz. :—

(o) Irregularly shaped flat flakes.

(A) More or less triangularly shaped flakes.

(c) A rectangular flake.

(a) Irregularly shaped flakes.—These are generally flat, more or less square

flakes, up to about 40 mm. in length, which are thicker in the centre than near the

edges ; edges sharp and cutting. Flakes of this kind are frequently found.

(i) Triangular flakes.—These show a roughly triangular shape ; one side being

generally flat, the opposite one being more or less rounded, so that a cross section

has an irregular triangular or wedge-shaped outline. The lateral edges are straight,

sharp and cutting ; figures 3, 4 and 5 show good samples of this kind ; particularly

figures 3 and 4. Figure 5 is particularly remarkable, it shows that the upper face

must have been produced by the repeated chipping off of thin flakes.

(c) A rectangular flake.—I found only one specimen of this kind, in fact it was

through this specimen that my attention was directed to these flints. It is of a

somewhat irregular rectangular shape and slightly curved ; the length being 45 mm.,

the breadth 20 mm., both faces are roof like, so that a rhomboidal section is pro

duced. The two long edges run nearly parallel and are sharp and cutting. This

flake affords particular interest in as much as the two faces must have been pro

duced by an action, which is difficult to explain by natural causes. Let us consider

the convex face first ; it will be seen that one side is smooth, apparently produced

by the chipping off of a single flake, while the other side shows that at least four

smaller flakes have been chipped off at a right angle to the first one. The con

cave face which is however much damaged at one side must have been produced

by the chipping off of two longitudinal flakes.
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The shape of this specimen reminds me very much of the chipped flint described

in Volume I of the Records, Geological Survey of India, and discovered in the

Pleistocene of the Nerbudda river, the artificial origin of which nobody seems to

have ever doubted.

As regards the geological position in which these flakes were found, I mentioned

above that they were imbedded in a ferruginous conglomerate. It. remains now to

be explained what position this bed holds in the sequence of the tertiaries near

Yenangyoung. According to my researches, which will be published in detail at

a later period, three distinct groups can be distinguished in the Yenangyoung-

tertiaries, namely, in descending order :—

3. Group C.— Consisting chiefly of light coloured, yellow sandstones or softyelTiw

sand-rocks with hard siliceous concretions, alternating with beds of

light brown clay. Silicified wood very common, besides fragments

of terrestrial and fresh-water animals. Measured thickness not less

than 4,620 feet.

2. Group B.—Consisting of brown and red sandstones and light brown clays, containing

numerous crystals of selenite, and locally countless numbers of Batista

crawfurdi, Noetl., terminating in a bed of ferruginous conglomerate

with numerous remains of terrestrial animals, among which Hippo-

therium antelopinum, Caut. and Falc, and Rhinoceros perimtnst pre

ponderate ; chipped flints locally not rare. Measured thickness of the

• whole group 1,105 feet.

I. Group A.—Consisting of a series of blue clays alternating with beds of grey sand

stone, which contain locally large quantities of petroleum. Fossils

are scarce, but such as have been found consist chiefly of true salt

water fossils with some rolled fragments of bones and some teeth of

terrestrial animals. Thickness not less than 1,000 feet.

It is apparently quite clear that this succession of strata exhibits the gradual

change from true marine strata, deposited somewhere near a coast, through

estuarine deposits as represented by the strata containing Batissa crawfurdi, Noetl.

to fresh water deposits containing the remains of terrestrial and fresh water animals

as represented by Group C. A superficial examination of the vertebrate remains

shows that the fauna is nearly identical with that of the Siwaliks, or in other

words, that Group C (probably inclusive of Group B) must be of upper miocene if

not pliocene age. We must therefore claim either pliocene or at the latest upper

miocene age for the ferruginous conglomerate in which the chipped flints have been

found. But whatsoever their particular age be, it is certain that a considerable

amount of time must have lapsed since the deposit of a series of strata of more than

4,620 feet thickness, containing numerous genera of animals which are now-a-days

either entirely extinct, or at least no longer living in India, which rests upon it.

Having now described the geological position of the strata in which the

chipped flints were found, there still remains the question to be discussed

whether they were really found in silu, or not. To this I can only answer that to

the best of my knowledge they were really found in silu, and that I most probably

would not have discovered them, if I had not stooped to pick up the molar of

Uippotheriam antelopinum, figure 6. The exact spot where the flints were found is

marked on ' my geological map of the Yenangyoung oil-field with No. 49 and is

situated on the steep eastern slope of a ravine, high above its bottom, but below

the edge in such a position that it is inconceivable how the flints should have been
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brought there by any foreign agency. There is no room for any dwelling place in

this narrow gorge, nor was there ever any ; it is further impossible from the way in

which the flints were found that they could have been brought to that place by a

flood. If I weigh all the evidence, quite apart from the fact that I actually dug them

out of the bed, it is my strong belief that they were in situ when found.

As to their nature whether artificial or not, I do not want to express an opinion ;

all I can say is, that if flints of this shape can be produced by natural causes,

a. good many chipped flints hitherto considered as undoubtedly artificial products

are open to grave doubt as to their origin.

EXPLANATION OF PLATE.

Pig. I. Rectangular flint flake, top view.

Fig. la. ,, ,1 „ lower view.

Fig. li. „ „ „ side view.

Fig. 2. Triangular flint flake, top view.

Fig. 2a. „ „ „ lower view.

Fig. 2b. „ n 11 s'de view.

Fig- 3- Triangular flint flake, top view.

Fig. 3«. „ n ,, lower view.

Fig. 3*. „ „ „ side view.

Fig. 4. Triangular flint flake, top view.

Fig. 4a. „ „ „ lower view.

Fig. 4*. „ „ „ side view.

Fig. 5- Triangular flint flake, top view.

Fig. 5"- n n h ower view.

Fig. 56. „ „ „ side view.

Fig. 6. Left upper molar of Hipfothcrium antelepinum, Caut and Falc.

Twice the natural size.

♦

Note on the Occurrence of Velates SCHMIDELIANA, Chemn. and ProVeL-

ATES GRANDIS, Sow sp., in the Tertiary Formation of India and Burma.

By Dr. Fritz Noetling, F.G.S., Paleontologist, Geological Survey

of India. (With 2 Plates,)

While describing a number of fossils collected by me in the Upper Tertiary

formation of Bufma, near Minbu and Yenangyat, some further specimens which

had been collected on the eastern slopes of the Arrakan Yoma, near the village

of Napeh, about 40 miles west of Minbu, were presented by Mr. Way, Engineer

in-Chief, Aeng Pass Railway, to the Geological Department. No particulars were

given about the geological position of these fossils, but from my knowledge

of the country 1 think that they come from strata older than those containing

the marine fauna of Minbu and Yenangyat. The most characteristic and at the

same time numerous among these fossils, was one kind that I recognized at once as

belonging to the genus Velates, Mont. Now, considering the important position this

C
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genus holds in the Tertiary formation of Western India, where it is restricted to the

Ranikot and Khirtar group, having its chief development in the latter,1 I thought

it advisable to compare the specimens from Burma with those from Western India,

in order to establish the identity or to prove their difference. If identical, a most

important fact would be established in regard to the correlation of the Tertiary strata

of Burma and Western India. We know that Velatts schmide liana does not reach

beyond the Khirtar group in Sind ; if therefore the species from Burma were identical

with that from India, the important fact would be proved that the beds containing

Vela/es schmideliana in Burma would be equivalent to the Ranikot or Khirtar

group in Western India, most probably to the latter one, and therefore the whole

series of the strata above that bed would represent the equivalents of the Nari, Gaj

and Manchhar groups. Thus a most important step in the knowledge of the Tertiary

formation of Burma would be gained—a fact which cannot be under-estimated, be

cause the fossil here in question can be easily recognized in the field, and the

geologist working in the remote jungly hills skirting the Arrakan Yoma would al

ways have a guide to lead him, when the thickness of the jungle hides the closed

sequence of the strata.

It was with this object in view that I took in hand the examination of the speci

mens from Burma, at the same time comparing the Indian Vela/es schmideliana

with a typical specimen from Europe in order to make sure as to their identity.

On taking up the subject I found almost at once that there exist in Western India

two genera which at the first sight might easily be confused; the one is represented

by a typical Vela/es, the other by the new genus Provelaies, which resembles a

cast of Vela/es so closely that I am perfectly certain that it has frequently been

mistaken for it.

In fact the mistake begins almost immediately with the description of Tertiary

fossils from India; in 1840 James de Carle Sowerby8 mentions a fossil as Neriiina

grandis from Wag6-Ki-pudda, in Cutch, which he describes as follows : " Short,

conical, smooth ; spire concealed ; aperture very large ; base convex, its margin round

ed. Diameter 3 inches; height 1$ inch. This resembles N. schmideliana, but has

a larger aperture in proportion and a less eccentric apex, it is also higher. The

specimen is little more than a cast, and does not exhibit the edge of the inner lip,

but still it shows the attachment of the ligament projecting from the lower surface,

and that the aperture occupied more than half the base."

Now we have, in the Survey Museum, from Sind several specimens of a shell

which are undoubtedly identical with Neriiina grandis, es we shall presently see,

but which are certainly different from Vela/es schmideliana with which they have

been identified by Messrs. d'Archiac and Haime.3 The specimens figured and

described by them undoubtedly represent a true Velates, but this form is not

identical with Neritina grandis, Sow., as the authors supposed.

Before going however into the details of the description of the Indian forms, it

will be useful to recall the characters of the type Vela/es schmideliana, Chemn. sp.,

■ Distribution of the fossils described by Messrs d'Arch. and Haime, Memoirs, Geological

Survey of InJia, Vol. XVII, 1880, page 205.

3 Transactions of the Geological Society, 2nd ser., Vol. V, plate XXIV, fig. 9.

* D'Archiac and Haime, Dese. des Anim. foss. du groupe nummulitique de l'Inde, page

378, plate XXV, fig. 3.0, 4, 5, non. pUte XXVII, fig. 1, b, .
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and then starting from this form to examine how the Indian types can be compared

with it.

Velates schmideliana, Chemn. sp.

1786. Nerit. schmideliana, Chemn. Conch. Cab., Vol, 9, page 130, plate 114, figs.

975. 97<5.

1810. Velates conoideus, Oenys de Montfort, Conchyl. Syst., Vol. II, page 354.

1853. Nerila schmideliana, D'Archiac and Haime, Desc. des. Anim fossil, du groupe

numinulitique de l'lnde, page 278, plate XXV, fig. 3, 3a, 4, 5, non. plate XXVII.

fig, I, lb, lc.

As a list of synonyms is given by d'Archiac it is useless to repeat it here. The

chief character of the shell consists in the feature that the last whorl expands sud

denly and rapidly in such a way as to form an enormous body chamber, and by

producing an enormous callosity on the spire, which partly envelopes the earlier

whorls. The last whorl is therefore conical in shape, the apex of the cone being

represented by the spire, the base by the aperture ; its shape might perhaps be com

pared with a Phrygian cap. The surface of the last whorl is covered with fine

irregular striae of growth, which in the peripheral part run parallel to the circum

ference, that is to say, they form complete circles, while in the central part they form

only semi-circles. The outline of the early shape is always more or less marked by

a deep furrow, running obliquely from the centre towards the lower edge of the last

whorl; the base of the last whorl is sub-orbicular, and formed by a broad and inflated

callosity which is supported from inside by a strong septum ; the aperture is

semi-circular ; the inner lip deeply denticulated, the outer lip sharp.

It is therefore clear that for the specific differences we must chiefly look to the

shape of the last whorl ; we have therefore to examine the Indian specimens whether

they show any marked differences from the type specimens in that regard or not.

The genus Velates has been found in the Indian Tertiaries at the following locali

ties :—

1. Kharguzani hill near Liki (Sind), Khirtar group.

2. Two unknown localities in Sind.

3. Napeh in Upper Burma.

The best preserved specimens are those under No. 1, then follow those from

Burma, while those under No. 2 are casts which in all probability belong to the

genus Velates ; the latter may be disposed of at once, not only because the exact

locality and position where they were found are unknown, but also because as casts

no fair idea can be formed as to their original shape. It remains therefore a

question to be decided in the future whether they may perhaps represent a new

species or not.

As regards the specimens from Khargurzani hill, they are tolerably well preserved,

but none of them shows the base or the aperture sufficiently well; this is rather un

fortunate, as it may be supposed that the character of the aperture differs in both

species. For the present we must leave it to the future to decide this; but as regards

the outer side of the last whorl, I cannot detect the slightest difference between the-

Indian and the French specimen ; so unless some very distinguishing features would

be brought to light as regards the feature of the aperture, we must consider the

Indian form identical with Velates schmideliana, Chemn.

The specimens from Burma were apparently somewhat roughly handled and also

exposed for a long time to weathering, but all the same I cannot discover any difference
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either in shape or surface sculpture of the last whorl. Neither does the aperture which

can be fairly seen in some of the specimens exhibit any different characters. We

must therefore consider that the Burma species is also identical with Velates schmid-

eliana, Chemn.

However, in order to show that not only the external features agree, I have

measured two specimens from France, five from Burma, and five from India, the

dimensions of which are given in the subjoined table.

Diameter of

French type specimens.

Indian specimens

Burma specimens

last whorl.

75 mm.

75

6a

45

56

5*

49

f2

5"

r

SB

57

Length of

last whorl.

90 mm.

85

?

?

65

62

60

78

68

88

t

?

Height of

last whorl.'

56 mm.

51

39

29

38

?

?

45

4>

S»

59

44

If we reduce these figures to a common denominator, we find that in the two

French specimens the proportions are—

Diameter : Length : Height.

5=6 : 36

5:6 : 3"3

The proportions of the Indian specimens are as follows :—

And in the Burma specimens :—

5

■5

5

5

5

5

5

*

5

5

0

V

6

i>

6

6;5

7

65

P

?

33

3"3

33

We see therefore that the French type and the Indian specimens agree very well as

regards the proportions of the last whorl ; the specimens from Burma seem how

ever to differ a little, inasmuch as the last whorl is a little longer and a little higher.

Now I do not want to lay too much weight on this fact, particularly as regards the

height, because it will be seen from the above figures that it varies considerably

even among specimens of the same locality ; this might only be expected if we

•consider that the callosity of the base varies much in thickness ; on the other hand,

it would be of greater importance if the circumference of the last whorl as seen

from above, would be elliptical instead of sub-orbicular as with the type Velalc*

tchmideliana ; if we, however, examine Velates schmideliana, we find that at some

1 This includes the visible part of the spire.



PART 3.] NOETLING : Velates schmideliana, Chemn., etc. 107

time of its life the last whorl was also of elliptical circumference ; now the largest

specimen from Burma, which is unfortunately damaged, had apparently a sub-orbicu

lar circumference, and unless it is proved by comparing numerous specimens of

the various types that the Burma type differs materially in the shape of the last

whorl from the others, we must consider it as identical with the Indian form and

the French type specimen Velates schmideliana, Chemn.

The area of distribution of this remarkable species is therefore much wider

than was supposed by d'Archiac : from France, it ranges through Iuly, Egypt,

Persia, Cutch, Sind, as far as Western Burma, or, roughly speaking, from o° Long,

to 94° Long; and as to our knowledge, Velates schmideliana is restricted to the

same limited horizon in the early Tertiaries, we may say indeed, that at one time

during the Tertiary era, Velates schmideliana was distributed over an area extending

over at least one-quarter of the globe in length without however reaching beyond a

certain northern latitude.

After having proved the identity of the Indian types of Velates with the well-

known European species, it now remains to turn our attention to the Velates-\ikQ

shell, that has been mistaken for Velates itself. As I have sketched the history of

this form in the beginning of this paper it now remains to describe and fix the

new genus.

Order: Prosobranchiata, Cuv.

Sub-order : Aspidobranchiata, Cuv.

Family : Neritidae, Gray.

Genus : Provelates, Noetling.

Spire invisible, perfectly involved by the last whorl, which is of a considerible

size, and of sub-conical shape, separated on the upper side by a deep furrow which

runs from the apex to the posterior end of the aperture, representing the

suture ; aperture, large semi-lunar, outer lip sharp, inner lip not perfectly known,

but apparently callous and probably not denticulated ; not quite covering a deep

umbilicus. Shell thin, and covered with fine striae of growth which become rather

effaced on full grown specimens but which are very regular on young ones.

So far as known for the present this genus is restricted to the Khirtar group.

The only species known is Provelates grandis, Sow1.

Mr. Blanford collected this species in the gorge of the Baran River (Sind),

from where figures 6 and 7 came ; figures 8 and 9 come from the hills east of Trok

in Kohistan, where it was collected by Mr. Fedden, The younger specimens

resemble very much an ordinary Natica, only that the suture becomes indistinct

and as if it were covered with a second layer of shell substance. The largest

specimen measures 54 mm. from the edge of the outer lip to the opposite side,

while its height was not more than 26 mm.

Full grown specimens, particularly when they have partly lost the shell, resemble

in appearance very much casts of Velates schmideliana^ but they may always be

distinguished by the large aperture which was not denticulated, and the traces of an

umbilicus ; if the casts which I have mentioned above really represent casts of

Velates schmideliana, then the latter would be distinguished by having the last part of

the last whorl partly separated from the former whorls and the traces of a denticulated

' Netitina grandis, Sow., Transact, of the Geo). Soc, 2nd scr., vol. V, plate XXIV, fig. 9.
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inner lip. On both specimens there exists a sharp ridge at that place where in

the Provelates grandis the limit of the callosity is marked on the earlier whorls,

but inasmuch as there is a similar sharp ridge on the inside of the last whorl of

Velatts schmideliana, where it forms the continuation of the perpendicular septum

on the lower part of . the callosity, which naturally must leave the same mark on

the cast, we are left as before in the dark regarding the identity of these casts.

Of course the whole question could be decided at once if I could manufacture a

cast of Velates schmideliana ; but unfortunately my material does not allow this,

so we shall have to wait until a favourable opportunity arrives for doing so,

EXPLANATION OF PLATES.

Plate I.

Fig. I. Velates schmideliana, Chemn. sp. Sables infcrleures, Cuisse Lamott;, upper side.

Fig. la. „ „ „ „ left side view.

Fig. 1 4. „ „ „ » base.

Fig. IC. „ » i, >, last whorl & spire.

Fig. 2. Velates schmideliana, Chemn. sp. Khirtar Group, Kharguzani Hill (Sind), upper side.

Fig. 2a. „ „ „ „• last whorl &

spire.

Fig. 2b. ,, „ „ „ left side view.

Fig. 3. Velates schmideliana, Chemn. sp. Khirtar Group, Napeh (Burma), left side view.

Fig. 3". ,, n .. i, upper side.

Fig. 3*- it ii ii ii Dase & aperture.

Plate 2.

Fig. I. Velates schmideliana, Chemn. sp. Khirtar Group, Napeh (Burma), left side view.

Fig. la. „ „ „ „ upper side.

Fig. 3. „ „ „ ,i upper side.

Fig. 2a. „ „ „ „ left side view.

Fig. 3. Provelates grandis, Sjw. sp. Khirtar Group (Gorge of Baran river), upper side.

Fig. 3"- n 11 ii » ' left side view.

Fig. 3*. ,. „ „ base.

Fig. 4. Provelates grandis, Sow. sp. Khirtar Group, Gorge of Baran river, upper side.

Fig. 4a. „ „ „ „ left side view.

Fig. 44. 11 11 11 !• base

Fig- 5- Provelates grandis, Sow. sp. Khirtar Group, Truk (Kohistan) upper side.

Fig. 6. „ „ „ „ upper side.

Fig. 6a. „ „ ,, „ sculpture enlarged.

Fig. 7. Velates schmideliana, Chemn. sp. (?) cast, Khirtar group (?) Sind, upper side.

Fig. ^a, „ „ ,, ,. lower side.
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GEOLOGICAL SURVEY OF INDIA DEPARTMENT.

TRl-MONTHLY NOTES.

No. 20.— Ending 31ST July 1894.

Director's Office, Calcutta, 31st July 1894.

Dr. William King, B.A., D.Sc, F.G.S., late Director of the Geological Sur

vey of India, obtained his early Geological training amongst the Permian rocks

and the coal-measures of Durham and Northumberland, and afterwards whilst as

student at Queen's College, Galway, amongst the crystalline rocks and the carboni

ferous limestone of that part of Ireland, in all of which he had the teaching and

guidance of his father, the eminent Professor William King.

He graduated in the Queen's University in Ireland in 1854 and completed the

course of Civil Engineering in his College. He was selected for the Geological

Survey of India by Dr. Oldham, then Director, and joined his appointment in Cal

cutta on the 4th March 1857. In May of that year he proceeded to Madras with

the first geological surveying party for Southern India under Mr. H. F. Blanford

and ultimately became Superintendent for the survey in that Presidency in j 868-

The greater part of his field-work was in Southern and Central India, and he was

engaged in joining up his surveys in the latter province with the geological maps

of the western parts of Chota Nagpur, when, in 1887, he was ordered to proceed

to Calcutta to take over the Directorship from Mr. Medlicott.

He is the author of numerous valuable papers dealing with the Geology of India,

chiefly of the southern and central parts of it, for a complete list of which I refer

to the " Bibliography of Indian Geology," compiled by Mr. Oldham and published

in 1888,—and the pages of the subsequent " Records."

Dr. King retired from the Directorship of the Department on the 16th of this

month and was succeeded by Mr. Griesbach, the senior Superintendent, Mr.

Hughes being incapacitated in consequence of a serious accident which took place

some time ago.

The field-work in Baluchistan under Mr. Griesbach as Superintendent, with

„ _ . . , Mr. F. H. Smith and Lala Kishen Singh, was continued to
Mr. Grtesbnch. ° '

Mr. Smith. about the middle of June, and the result of this season's

Lala Kishen Sittgh. work is a large addition to the geologically explored area

of Baluchistan, being chiefly parts of the southern extension of the Sulaiman range

with the Mari hills adjoining, the Western Zhob valley and parts of the Kojak range

with patches left unexplored during the previous season in the Quetta District-

One of the most interesting facts elucidated, consists in the establishment of the

geological age of the Kojak shales and their eastern prolongation into the Zhob,

which by their fossil contents are now shown to be intermediate in age between

upper cretaceous and upper eocene, and to form a more or less continuous facies

closely associated with a variety of igneous rocks.

Mr. Smith has gone on short privilege leave and Lala Kishen Singh on a year's

furlough.
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Mr. Oldham.

Mr. Middlemiss.

Dr. Worth.'

With the sanction of the Secretary of State, Mr. Oldham was specially deputed,

whilst on furlough in Europe, to study certain oil-fields in

the province of Galicia in Austria-Hungary, and it is to be

hoped that the experience which he has thus gained may lead to a more success

ful search for productive oil-wells in India.

The Madras party, consisting of Mr. Middlemiss and Dr. Warth, returned into

recess in Ootacamund and Bangalore respectively to pre

pare reports on the past season's work. Dr. Warth, how

ever, will be recalled to Calcutta for the remainder of the

recess season to assist in the arrangement of the Museum at head-quarters.

The officers engaged last season in Central India, Messrs. Dose and Datta,

Mr. Bose. have returned some time ago into recess ; the former has

Mr. Datta. g0ne on three months' privilege leave, whilst the latter has

prepared his progress report on the last season's work.

The trial-boring at Sukkur was continued under the superintendence of Mr.

,. . „ . LaTouche ; the depth, when last reported, reached someMr. LaTouche. r . .

500 feet, where many difficulties are being encountered

owing to the nature of the strata reached, which are soft shales with much

gypsum in veins and nests. Bituminous traces have been observed, which might be

a hopeful sign, if it were not known that the middle eocene strata into which the

boring descends are often full of bituminous matter in the neighbouring area

of Baluchistan, without in the majority of cases showing any oil-supplies.

Has returned to Calcutta where he has since been engaged in drawing up his

report on the inspection of mines in India during the year

ending on the 30th June, which is finished and has been

printed.

After finishing his report on the Gohna landslip and the condition of the hill

sides of Naini Tal, Mr. Holland returned with Lala Hira

Lai to head-quarters to continue his studies of Indian rocks.

Lala Hira Lai has now availed himself of three months'

privilege leave.

Dr. Noetling is engaged on important palaeontological work, the result of which

will be published in the " Records" and " Memoirs."

Mr. Grundy.

Dr. Noetling.

Mr. Holland.

Lala Hira Lai.

List of Assays and Examinations made in the Laboratory, Geological

Survey of India, during the months of May, June, and July

1894.

Substance. For whom Result.

I Specimen of quartz,

with iron pyrites and

fine gold, from the

Chowkpazat mine

Mawnainj; Township,

Katha District, Upper

Burma.

C M. P. Wright, Wuntho,

Upper Burma.

Assayed for gold.
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List of Assays and Examinations made in the Laboratory, Geological

Survey of India, during the months of May, June, and July

i8g4—continued.

Substance. For whom. Result.

3 Specimens of lime

stone, from Roorkela

quarry, Bisra quarry,'

and Sonna quarry.

Thomas Skone, Amda,

Singbhum.

Analysed for :—

•

Insoluble residue.

Ferric oxide and alumina.

Carbonate of lime.

Carbonate of magnesia.

1 Specimen of coal, from

the Jherria coal-field,

Manbhum.

Finlay Muir & Co., Cal

cutta.

Proximate analysis.

s Specimens of man

ganese ore, from the

Central Provinces.

P. N. Datta, Geological

Survey of India.

1. Braunile, from Beemasoor peak,

Chicklah, Chandpur Pargana, Bhaa-

dara.

Quantity received, i 8).

Moisture (hygroscopic) . "04%

Manganese (Mn) . . 6371%

Phosphoric acid (P,05) . 2-24%

2. Braunile, from Kuchee, 1 mile S. by

W. of Silora on the Kunhun River,

Chindwara.

Quantity received, 1 lb.

Moisture (hygroscopic) . "26%

Manganese (Mn) . . S3'2S°/0

Phosphoric acid (P,Os) . 2 10°/,,

I Specimen of coal, from

an outcrop in Jammu

Territory.

Charles Tickell, Director

of Public Works, Jammu

and Kashmir State,

Srinagar.

Proximate analysis.

1 Specimen of powdered

sand, from Rajmebal,

and 1 of powdered quartz,

from Mihijam.

Voigt & Co., (Pioneer

Glass Manufacturing

Co., Ld.,) Calcutta.

Silica percentage determined.

2 Specimens of coal,

from Cachar.

Grindlay & Co., Calcutta. Proximate analysis.

4 Specimens of decom

posed crushed quartz-

rock, from Mr. Watson's

Estate in the Tavoy

district

H. M. S. Mathews, Offg.

Director of the Depart

ment of Land Records

and Agriculture,

Burma.

No. 1. Quantity received . 2485. J 2

_ / M

)i 2- 11 j, 22">. 0
V 0

•■ 3- ,. . 19Tb. f .|

p. 4- 11 • 9B-_)J

1 Specimen of coal, from

the Jherria coal-field,

Manbhum.

H. H. Macleod, Bengal

Coal Co., Ld., .Calcutta.

Proximate analysis, with calorific

power.

1 Specimen of coal. H. A. B.Evatt, Calcutta. Proximate analysis.

D
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List of Assays and Examinations made in the Laboratory, Geological

Survey of India, during the months of May, June, and July

1894—concluded.

—

Substance. For whom. Re«ult.

9 Small stones, from

Shamsanderpur, Ban-

kura District.

Raja Saurindra Mohan

Tagore, C t. E., Patha-

ria Ghata Rxjbati.

No. I. Spinel-Ruby.

No. a. Zircon.

I Specimen.of clay. E. G. Barton, District

Engineer, B. N. Ry

Co., Ld., Purulia.

Refractory nature tested.

5 Specimens of rocks, for

determination.

G. A. Saviellb, Execu

tive Engineer, B. B. &

C. I. Railway, Mount

Abu.

No. r. Chambal. Fine-grained glomero

porphvritic basalt.

No. 3. S'pra. Fine-grained basalt.

No. 3. Dulet Danta. Quartzite.

No. 4. Kalisind. Quartzite.

No. 5. Hinga Mot. Slightly calcareous

clay.

S Specimens of minerals

for determination.

Wm. Farquhar, care of

Post Office, Bombay.

No. '/. Khetri, Rajputana. Steatite.

No. 2. Khetri, Rajputana. Impure

Erubesciie and Pyrite.

A'O. 3- Oodevpur Territory, Chota N.ic-

A specimen from Hazari-

bagh for determination.

Balmer, Lawrie & Co.,

Calcutta.

pur. Plumose amphibole and quartz.

No. 4. Tavoy, Burma. Galena.

No. 5. Ceylon. Moonstone,

Hornblende-schist.

Notification by the Government of India during the months of May', June,

and July 1894, published in the " Gazette of India," Part /.—

Appointment, Confirmation, Promotion, Reversion and Retirement.

Departir.ent.
No. 0 f order
and date.

Name of
ollkcr.

From To
Nature of

appointment,
etc.

With effect
from

Remarks,

Revenue

and Agri-

c u 1 tu r al

Depart

ment.

-^Surveys,
C. L. Grics-

bach.

Superin

tendent,

Geologi

cal Sur

vey of

India.

Director,

Geologi

cal Sur

vey of

India.

Substan

tive,

17th July

1894.

dated 20th

July 1894

perma

nent.

Notification by the Government of India during the months of February,

March, and April 1894, published in the " Gazette of India," Part

I.—Leave.

Department.
No. of order and

cl.ite. Name of officer.
Nature of

leave.
With effect

from
Date cf
return.

RjMaKII.

Revenue and

Agricultural

Department.

—, Surveys,
H. B. W. Gar-

rick, Artist,

Geological

Survey of

India.

Furlough 15th Ju'y

189}, or

subse

quent

date.

diced 13th

July 1894.
... ...
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Notification by the Geological Survey of India during the months of May,

Jime, and July i8g^, published in the "Gazette of India," Part II.—

Leave.

Department.
No. of order and

date.
Name of officer.

Nature of
leave.

With effect
from

Date of
return.

Rsmarki.

Geological

Survey Depart

ment.

1034, dated 7th

May 1894.

P. N.Bose.Offg.

Superinten lent,

Geological Sur

vey of India.

Privilege. 1st Juno

1894.

... .«•

Do. 1497, dited 7th

July 1894.

F. H. Smith,

Assistant Su

perintendent,

Geological Sur

vey of India.

Do. 2Sth July

1894, or

SUDS -

qnent

date.

Do. 1533. dated

19th July

1894.

T. H. D. La-

Touche, Offg.

Superintendent,

Geological Sur

vey of India.

Do. 18th July

1894.

...

Postal and Telegraphic addresses of Officers.

Name of Officer. Postal address. Nearest Telegraph Office.

1

T. W. H. Hughes On furlough ...

R. D. Oldham .... On furlough ...

T. H. D. LaTouche .' . On privilege leave ...

On privilege leave . ...

C. S. Middlemiss Ootacamund Ootacamund.

P. N Datta .... Calcutta .... Calcutta.

T. H. Holland .... Calcutta .... Calcutta.

W. B. D. Edwards On furlough

F.H.Smith . . . . Quetta .... Quetta.

F. Noetling .... Calcutta .... Calcutta.

On privilege leave . •••

Kishen Singh .... On furlough • ••







ERRATA.

Records, Vol. XXVII, Part 3.

The Giridih (Karhariart) Coal-field.

Page 87, line I, from top, for Plates read Maps.

„ 87 „ 1 „ and for /// read /.

11 87 it 13 ,i for section read section on EF.

i> 87 „ 19 „ for Plan read Map.

>• 87 „ 23 „ for inclines read incline.

„ 87 „ 38 „ for VII read VI.

„ 88 ,, 7, from bottom, for too read 200.

,, 89 „ 10, from top, omit three.

89 „ 16, from bottom, parenthesis to be placed after numerously and omitted

after Seam.

„ 91 „ 6, from top, for Dikes read Dykes.

.1 94 n '3i from top, for are read is.

11 95 11 '3i from toPi f°r rubbed read robbed,

„ 95 ii »4 omit

„ 95 1. 26 „ for square read sAo< .

11 97 >• 9> from bottom, for S read J.

97 „ 6 „ for VII read VI11.

n 99 ,1 '3 >. for women), Santas read women and' Sanlals).

Plate VII, for figure / read 6.

II 2 11

» II 3 8.

II II 4 11 9.

u II 5 ■ 1 10.

11 11 6 n IT.

II II 7 12.

II II 8 H '3.

M •1 9 II 14-

M II to II '5.

■1 II 11 l> 16.

II '> 12 II '7-

'■■
>

>> '3 II 18.

>t 1) *4 II 19.

II II '5 II 30.
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Note on the Geology of Wuntho in Upper Burma, by FRITZ NOETLING,

Ph.D., F. G. S., Palaeontologist, Geological Survey of India, with a

map.

Geographicalfeatures.—The area described in the following pages comprises

part of the Wuntho sub-division of the Katha district in Upper Burma. It extends,

roughly speaking, between Htygaing on the Irrawaddi, and the Mu valley ; in its

eastern part only low hills rise from the surrounding plains, but in ils western part

the large massive of the Maingthong bills form a tract of approximately 75 miles in

length.

The Maingthong hills, which I partly examined begin near Lat. 230 45' and Long.

900 20' near the junction of the Daungyu Choung with the Mu river. From this

point the hills extend in a nearly northerly direction, the tract widening out gradual

ly till it reaches its greatest breadth of 30 to 35 miles near Lat. 24° 5'.

It may be said to be limited by the broad valleys of the Mu and its tributary the

Nam-Maw in the west, but its eastern boundary is less sharply defined. In the

southern part the broad Wuntho valley forms the boundary, but further towards

north the low hills to east come quite close up to the central massive forming for

some distance a low watershed between the Meza and Mu river. North of these

low hills the eastern boundary is again well defined being formed by the broad

valley of the Meza river.

The highest point in this hilly tract is Maingthong hill (5,510 feet), the south

western spurs of which have been geologically examined.

The Toung-thon-lon (5.565 feet) at Lat. 240 56' and Long. 950 52' may possibly

form the northern continuation of the Maingthong tract, but it was not visited.

Geologicalfeatures.—I can only give a rough outline of the geological features

of this area, owing to the almost unsurmountable difficulties, which the dense,

nearly impenetrable jungle places in to the way of geological researches. Here and

there a rock protrudes from under the thick vegetable mould which everywhere

covers the ground. But nothing can be seen of the dip and strike of the strata.

The trained eye, however, learns very soon to judge from the difference of the sur

face soil, whether a change in the nature of the underlying rocks has taken place.

For instance, it is always easy to distinguish whether there are tertiary strata or

diorite in situ below the surface soil, but the exact boundary lines must be guessed

at. Even the valleys afford little opportunities for the geologist, owing to the im

penetrable jungle.

B
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As far as I could ascertain only eruptive rocks take part in the formation of the

Maingthon hill tract whilst the surrounding low hills to the east, south and west of

the eruptive mass consist of miocene beds, both of the lower or Chindwin and

the upper or Irrawaddi group. Older formations occur only close to the Irrawaddi

river, where the low ridge which runs almost due north, near Htygaing, is formed

by mica schists, with an easterly dip ; some traces of metamorphized carboniferous

limestone may be seen on the eastern side of the ridge which forms the watershed

between the Meza and Mu river, the crest of which is formed by an extensive ser

pentine dyke.

A.—Eruptive Rocks.

1. Quartz Diorite.—The rock which is chiefly developed in the Maingthong hill

tract is a crystalline rock which from its outward appearance must be placed

between granitites and quartz diorites.

So far as it is known the quartz diorite occupies chiefly the central part of the

tract ; it is well seen on the road from Wuntho to Pinlebu, between the villages of

Myelin and Hethat, that this is so may be seen on the footpath which leads from

Wuntho to Myelin, but the locality where I found it best developed is the Tayaw-

choung, a feeder of the Vu river; here enormous masses may be seen in rounded

forms covering the slopes.

There is sufficient reason to believe that the quartz diorite is not only developed

in the shape of a central mass, but that numerous dykes radiate from the centre,

which show a considerable difference from the central mass ; such a vein may be seen

in the Nam-Maw ravine east of Mawteik where it undoubtedly penetrates the

black rock (aphanite). Occasionally veins of white quartz may be seen in the

diorite, but so far as I know they are not metalliferous.

2. In close connection with the diorite occurs a hard black rock which is deve

loped either in homogenous masses or is well stratified. This mode of occurrence

may be seen in the Nam-Maw ravine, east of Mawteik ; after having passed Mawteik

where a truly intrusive rock of the trap type can be seen, an exceedingly hard dark

rock forms the bed of the river ; for about half an hour this rock may be traced without

any apparent change being noticed, excepting occasional fissures ; then the rock dis

appears beneath the jungle, and when it crops out again, it is apparently of the same

type, but now well stratified. The strike is 450 N. E.-S.W. and the dip 450 W.

It is crossed by a system of jointing, running 3400 N. N.-W.-S. S. E. and dipping

620 E.

Mr. Holland describes this rock as follows :—A compact bluish-green rock

breaking with a semi-conchoidal fracture, studded with minute grains of magnetite

pyrites and pyrrhotite, the last-named minerals occurring also in irregular patches.

Specific gravity 2 86. Under the microscope the rock presents the characters of a

volcanic agglomerate rather than an ordinary lava or a dyke rock. Fragments of

plagioclase felspars, hornblende and augite in all stages of decomposition are mixed

with opaque grains of magnetite and pyrites in a microlithic groundmass. It con

tains a trace of gold but not enough for estimation.

Mr. Holland further remarks that only the occurrence in the field can decide

exactly the origin of the rock, but from the microscope alone it seems to be a con

solidated volcanic ash.
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Mr. Holland's supposition is perfectly correct ; when I first discovered this rock

it struck me at once as not being of truly sedimentary origin, although being perfect

ly stratified. In fact the bedding goes so far that the grains and patches of mag

netite pyrites run parallel to it. My first idea was that this must be a consolid.

ated volcanic ash, very probably deposited in water. At all events under this cir

cumstance the hard bluish rock mentioned above is also a cemented and hard-

ened volcanic ash on the top of the stratified beds.

This hardened volcanic ash may be seen all along the outskirts of the Maing-

thong hill tract forming particularly the surrounding region ; I first noticed it

near Padeingon.'about 15 miles in a straight line north of Wuntho, and from there

I traced it all along the lower hills which form the outskirts via. Pinion, Kyaungon,

as far as Wuntho ; on the road from Wuntho to Pinlebu between the 7th and 8th

mile where there are extensive old gold-diggings, this hardened volcanic ash shows,

according to Mr. Holland, exactly the same composition as that from Mawteik

which is not less than 28 miles in a straight line distant from that place. Here

the simultaneous occurrence of the stratified and the non-stratified beds can also

be seen, and the first are apparently the lower ; a sample of the non-stratified rock

exhibits the following characters :—A coarser grained rock than that from Mawteik,

presenting the characters of a compact and altered agglomerate. There is a con

siderable development of epidote at the expense of the decomposing felspathic

material which is in large quantities. Fragments of amygdaloidal andesite are

occasionally found included and undergoing the general decomposition. Specific

gravity 2-884. I need hardly add that it also contains numerous specks of

magnetite pyrites.

To me it seems most probable that the diorite and the volcanic ash are in

generic connection, although this has not been actually proved yet ; the probably

sab-marine diorite eruptions were accompanied by large showers of ash which

form now these pseudo-sedimentary rocks. Undoubtedly, subsequent eruptions

produced dykes, which intruded into the surrounding ash masses and these dykes

chiefly attract our attention. They were of two types—one, closely allied in com

position to the diorite ; the second, chiefly consisting of felspathic quartz which

contains a more or less considerable quantity of auriferous pyrites.

(a) Pyrilic veins {auriferous.)

The known pyritic veins are only found on the eastern side of the Maingthong

hill tract, but I have not the slightest doubt, that subsequently they will be

found at other places within the ash-girdle. Beginning from the north the fol

lowing localities are known where these veins occur :—

1. Gwegyi.

2. Toungni near Padeingon.

3. Chouk-paza-doung, close to Padeingon.

4. Theindoo-choung, near Pinion.

5. Mayutha.

All these places are quite close to each other, the distance from Mayutha to

Gwegyi being not more than 12 miles in a bee-line. So far as it has been observed

the veins do not run in any particular direction, but I may be wrong here. Any

how the small holes in which the veins were exposed, did not permit a definite

opinion ; only when their extent is known, can this question be decided. The

B 2
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veins naturally vary in thickness, as well as in the quantity of pyritic ore which they

contain. The thickest vein which I have seen is that of Toungni ; the ore contain

ed a comparatively small quantity of pyrites ; on assay it yielded 4 dwt. 15 grs. of

gold to the ton. The ore from Chouk-paza-doung which occurs in a vein of about

9 to 1 2 inches in thickness is much richer in pyrites, but it yielded only 1 dwt.

7 grs. of gold.

At Pinion, of which Mayutha is probably only the continuation, the vein is

about 4 inches in thickness, but consists nearly throughout of pyrites. On assay it

yielded only a trace of gold, although there is seemingly a connection between

the quantity of pyrites and gold contained in the ore ; that is to say, the richer in

pyrites the poorer in gold, this supposition requires however a great deal more con

firmation before it can be accepted.

However it is not only the quartz veins to which the occurrence of auriferous

pyrites is limited, much more frequently it is largely dispersed in small crystals

through the ash ; in fact we may say the occurrence in veins is only a concentrated

form of the occurrence of the auriferous pyrites in the ash. Pinion offers a good

example of this ; as above mentioned, there is a comparatively thin vein of pyrites

traversing the volcanic ash, which itself shows not race of pyrites, at a distance

of about 200 yards from the above place the ash, however, shows numerous

small pyritic crystals and old diggings prove that the natives have been

working here for gold. Typical localities of the second mode of occurrence of the

pyrites are—

1. Gotama hill near Wepone, north of Wuntho.

2. Kyoukpyu, between the VII and VIII mile on the road from Wuntho

to Pinlebu.

3. Nam-Maw east of Mawteilc, Pinlebu Sub-division.

Besides the above there are undoubtedly numerous other places ; for instance

the frequent occurrence of crystals of pyrites in the streams near Gyodoung (north

of Wuntho) prove that it must be found west of that place.

(6) Galeniferous veins (argentiferous).

Besides the pyritic ore there occurs on the western side of the Maingthon hill

tract a galeniferous vein of Cerussite under very similar circumstances. The first

locality where I found it is called Kaydwin (Kay-lead, dwin-mine) situated in the

ravine of the Nam-Maw, east of Mawteik and still further to the east from the place

where the pyritic ash had been observed. As far as I was able to ascertain without

making extensive diggings it is a vein of, as Mr. Holland describes it, an igneous

rock of the aphanite group being composed principally of lath-shaped plagioclase

felspars, hornblende, and relics of augites with considerable quantities of granular

magnetite. The whole rock has been considerably decomposed ; epidote has form

ed and veins of other products of decomposition occur. The strike of the vein is

apparently N. N. E.-S. S. W.; but owing to the unfavourable position of the outcrop

this could not be ascertained. The thickness varies, but in the average it is not less

than 4 feet. The cracks of this vein are filled with veins of Cerussite, which forms

thin layers encrusting the rock. According to Mr. Holland it yielded 69-1

per cent, of lead and 33 oz. 1 6. dwt. 4 grs. of silver to the ton of lead.

Following up the direction of the strike in a south-westerly direction at a

distance of about six miles in a straight line, another locality called Mawkwin
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exists where the natives have been digging for lead. The mode of occurrence

being the same, it is undoubtedly that this place represents the southern continua

tion of the Kaydwin outcrop.

(<■) Sail springs.

Another most remarkable occurrence within the area of the volcanic ash on the

western side of Mainthong hill tract, is that of salt springs.

They are usually found in the bed of the streams where the brine oozes out

from the rock. Such places are :—

Kyatngat in the Nammaw ravine.

Kaydwin „ „ „

Taungraaw „ „ „

Natdaw „ „ „

MangY' •> » t.

MawKwin in the Tayaw ravine.

Senan ,, „ „

Sagyin

Magyibin

Kya-wut-maw

Sinsamaw

Zibinmaw

Nayaungbinmaw

/•Nam of stream unknown, but close to the above.

If the situation of these salt springs is fixed on the map it seems that they occur

along a line which runs about north-north-west and that they are chiefly found

at such places where the erosion of the streams has cut across it. It is therefore

highly probable that these salt springs follow a line of fault, which seems in the

main to run parallel to the Cerussite vein.

B.—The younger formations.

Maingthon hill tract is surrounded on all sides by tertiary strata, which in no

way differ from those observed elsewhere in Burma. Yellowish soft sandstones and

brown clays form the upper beds, and blue clays with ferruginous concretions, and

grey sandstones, are predominant in the lower part. The tertiary strata come up

quite close to Maingthon hill tract ; in fact, they form part of it, and on its western

side they compose the lowest spurs. Whether there is a line of disturbance between

the tertiaries and the eruptive centre is difficult to say.

On the western side the older tertiaries or Chindwin group may be traced for a

long distance ; these beds are of small thickness comparatively, and form a narrow

band which skirts the central massiv ; it is followed by the upper tertiaries, the

Irrawaddi sandstone, which is easily recognizable by its characterstic escarpments,

facing east ; there is no doubt that the Irrawaddi sandstone extends to the west as

far as the Chindwin.

The general dip of the tertiaries is towards west.

On the eastern side the Chindwin sandstone has not been observed yet, but

there is every reason to believe that it may yet be found. General dip towards east.

The way in which the tertiaries follow the contours of the central massiv con

vinces me that they were not only deposited along it, but that they once covered it

entirely. The older eruptive massiv was only laid bare by the same action which
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resulted in the folding of the tertiaries. Once laid open to denudation the softer

tertiary strata were of course washed away easier than the hard diorite. As a result

of this denudation the central diorite massiv protrudes in the form of a high, hilly

tract from the surrounding low-lands of tertiary age. On the eastern side there are

numerous outcrops of coal seams, which, beginning north, run as follows :—

1. Choukpyachoung between Mansigale and Pinmu.

The coal is exposed in the bed of a small stream ; it forms two seams separated

by a clayey parting ; the following is the section in descending order :—,

7 Clay.

6 Shaly coal, 18 inches.

5 Brown soft clay, 12 inches.

4 Shaly coal, io inches.

3 Good hard coal, 3 inches.

3 Shaly coal, 3 inches.

1 Clay of unknown thickness.

The coal, except the thin layer of 4 inch, is of very inferior quality, brittle, and

very shaly ; in fact, it can hardly be considered as more than a bituminous shale.

2. Tabawda-Choung a feeder of the Tayaw-Choung, about three miles south

west of Mansigale.

The coal seam crops out in a narrow, nearly inacessible ravine ; the seam

dips west at an angle of about io°. The following is the section in descending

order :—

9 Clay.

8 Shaly coal, 14 inches.

7 Brown bituminous clay, 13 inches.

6 Shaly coal, 7 inches.

5 Good coal, 6 inches.

4 Shaly coal, 1 inch.

3 Good coal, 6 inches.

2 Shaly coal, \ inch.

I Bluish clay of unknown thickness.

The coal is of good quality, but not of sufficient thickness to pay working.

3. Milaunggon, east of Pinlebu.

Here an outcrop of coaly shale, apparently in disturbed position, may be ob

served ; it is absolutely of no commercial value.

4. Subokom, about the 34th mile from Wuntho.

The outcrop is found in the bed of a very narrow ravine, unfortunately much

covered by jungle; unless exposed by trenches, not much can be said about this

out-crop ; but judging from the others, it is not very probable that it will prove of

particular value. The seam dips west at an angle of apparently io°. The follow

ing is the analysis of a sample of this coal :—

Moisture 7-68

Volatile matter
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5. Moungaw Stream, near Yuyinbyet village, south of Pinlebu.

Two outcrops can be seen here : the lower one is a seam of shaly,|brittle coal of

about two feet thickness imbedded in clay, the second shows a seam of 4 to 5 feet

good coal covered by about 8 inch of shaly coal ; the out-crop was unfortunately

partly covered with water, which prevented further examination. Dip about io°

towards west. The following is the analysis of a sample of this coal :—

Moisture ......... 6'6o

Volatile matter . 34 24

Fired carbon ........ S2'22

Ash ......... 7*04

The coal is so exactly similar in composition to that from Subokom, that, consi

dering the position of the two localities, it is highly probable that both belong to

one and the same seam, of which the Moungaw out-crop is the southern continua

tion.

6. Wetabin-Choung, about 1 mile west of Engwe village on the Yu river.

I discovered only a seam of shaly coal here which closely resembled that of

Milaunggon. However, another seam must be in stlu in the same stream, which

is hidden under the detritus, for fragments of good hard coal have been washed out

and prove its existence higher up. According to the analysis it contained—

Moisture ......... 8-a8

Volatile matter 36' 14

Fixed carbon . 48-58

Ash 7'00

It is therefore in no way inferior to the coal of the above named two places.

C.—Economic value of the minerals in the Maingthong hill

TRACT.

1.—General Conditions.

Before going into the details of the value of the minerals mentioned in Section

B„ it will be useful to discuss such questions first, which would apply generally

to all mining operations in Wuntho, namely, accessibility, labour, water and fuel-

supply.

As regards accessibility, there can be no doubt that the opening of the railway

line to Wuntho has greatly facilitated mining enterprise in those parts of Burma.

Without the railway, mining in such a country would be out of the question alto

gether ; the forty odd miles from Htygaing, ihe nearest river station, to Wuntho, across

a country which is a swamp for the greater part of the year, would never permit any

mining enterprise. But even supposing the necessary tool and plant having

safely arrived by rail at Wuntho, there still remains a good distance to be covered

by carts. The pyrites mines are more favourably situated, the railway line

running nearly parallel to the eastern spurs of the Maingthong hill tract ; but

there are still, in the most favourable case of Theindoo-choung and Mayutha

at least 10 to 12 miles of very difficult country to be traversed by road ; in the case

of the other mines, the distance is greater still. It may be said, however, that,

although the cost of transport is great, it would not be prohibitive in the case of

the pyritic veins.

As regards the coal-mines, the nearest outcrop is 32 miles over a much broken

country, from the railway station, a distance which in itself would render it an
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unprofitable undertaking to work these mines, considering the favourable

position of the Kabwet colliery, which is open to communication either by river or

rail. The lead-mines are still more unfavourably situated, there is a cart road

from Pinlebu to Wuntho (at present, however, only practicable during the dry

season) ; but beyond Pinlebu, communication is rather difficult ; the total distance

from the railway station to the Kaydwin being not less than 68 miles over very

broken country, which in my opinion will enhance the cost of transport so much

as to make it a most unprofitable concern even if the ore contained 33 ounces

of silver to the ton.

With regard to labour, it may at once be said, that to rely on local supply

would wreck any mining enterprise from the very beginning. Probably one or

the other local coolie, attracted perhaps by high wages, will for some time work

in a mine, but it is more than doubtful whether they would take up the work

in any number, and, what is the most important point, would persevere in it.

The population consists chiefly, if not entirely, of agriculturists, who are not likely

to give up their comparatively easy work, which affords them a sufficient if not

ample livelihood, with plenty of spare time. If they could be induced to take

up working in a mine, they would most probably only do so during the off season,

and return to the cultivation of their fields when their presence is required.

Labour must therefore be imported at undoubtedly considerable expense, if ever

mining operations were started in those parts of Burma. Finally, another point

must not be overlooked ; Wuntho, in fact the whole of the Maingthong hill tract,

is an excessively unhealthy and feverish country, as I have experienced myself.

The death-rate amongst the coolies would be sure to rise to such a point that

exorbitant wages would have to be paid to the labourers to induce them to stay

on. The sanitary conditions would undoubtedly improve immediately the jungles

were being cleared and the coolies fairly housed, but at the beginning the

death-rate would certainly be a high one. There is plenty of water all the year

round, an important matter, if it were to come to the setting up of stamping

batteries, and there would be no lack of fuel, at any rate within the first twenty-

five years, the country being thickly stocked with wood.

To sum up, accessibility in all cases, except the coal and lead mines, fairly

good. Water and fuel plentiful ; local supply of labour next to none.

2.—Value of the minerals.

Having dealt with the general conditions, on which mining enterprise in

Wuntho will depend, it remains to discuss the value of the different minerals which

are likely to be exploited. These are—

I. Auriferous pyrites.

a. Argentiferous Cerussite.

3. Coal.

4. Salt.

i. Auriferous Pyrites.—It must be understood that all the gold found in the

Maingthong hill tract has been derived from the decomposition of iron pyrites,

whether gold be found in specks, in the surface soil, or in small grains inclosed

in the quartz. The sooner it is understood that the gold found in the quartz

is not primary, but a residue of a chemical process, i. e., the decomposition of the
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iron-pyrites, the more will the difficulties be realized which will have to be encoun

tered when exploiting these auriferous ores. I do not doubt that at the outcrop

of the pyrites-veins metallic gold has been found, although I did not find it

myself; the Choukpaza lode for instance shows unmistakeable signs that its outcrop

had been worked by some body and for some purpose, and if the natives state

that this purpose was the extraction of gold this statement is probably correct.

I have also no doubt that the same may be the case with other localities, for

instance, Toungni near Padeingon or Gwegyi. But my opinion is, that I do not

believe that the occurrence of metallic gold at the outcrop of these lodes will con

tinue to any great depth. Sooner or later it will disappear, and be replaced by un-

decomposed iron-pyrites. Then the difficulty of dealing with a " refractory " ore

will have to be faced. This is the point which I want to put stress upon. We

have, therefore, to answer the question : does the iron-pyrites contain a sufficient

percentage of gold, so as to make its extraction a profitable business ? This may be

answered with no, as far as our present knowledge enables us to form a judgment.

The richest ore contained a little over 4 dwt. of gold to the ton ; but although as

small a quantity as 3 dwts. is sufficient to pay some of the Australian mines,

it is hardly beyond a doubt that in Wuntho the expenses will be too high to make

gold-mining a payable concern, unless a higher percentage of gold to the ton of

pyrites ore could be proved. I quite believe that should gold mining be really

started some of the mines would pay a small dividend during a couple of years

or so, but when the small supply of metallic gold, prepared in the chemical

laboratory of nature, has been exploited, and when it comes to extract the gold

from the pyrites, which holds it with an iron grip, every single one of the mining

concerns will ingloriously break down. It may be argued that the natives have

extracted gold at various localities in the Maingthong hill tract. True enough,

and countless old and deserted diggings prove that they actually did, but it must

not be forgotten that a native feels himself amply paid if he gets a few annas

weight of gold after a month of hard work. The native does not employ expensive

mechanical labour, and an equally expensive staff ; a primitive pickaxe, a wooden

shovel and a pan made on the spot, an ample supply of water is all he requires.

With that outfit he sets to work, diligently, day per day ; and when he thinks

he has exhausted one place, he moves on to another. Small as his earnings may

be there is no question that they sum up, if we suppose, that this work has been

steadily going on for years and years. The gold which eventually comes to the

market is perhaps the accumulated result of years of work. But if the same

quantity were to be obtained within a short period of time, the working expenses

would simply be higher than the value of the gold extracted.

2. Argentiferous Cerussile.—The results of the analysis prove that this is a

highly valuable ore, and so far as I have observed there is a large quantity still

available, but as I have already said, it must remain doubtful whether under

the present conditions of railway communication and costly labour these ores could

be worked profitably.

3. Coal.—According to the analysis the coal is of good quality; but not

largely in excess of that from Kabwet or the Chindwin. It is in fact up to the

average coal from the Burmese Territories, which makes a fairly good fuel, provided

there is a sufficient quantity of it. But so far my examination of several localities
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where such coal exists, does not warrant a very hopeful view, and in fact, except

at one or two places, the seams are of wretchedly poor quality, consisting chiefly

of coaly shale.

4. Sal/.—In conclusion I may mention in few words how the natives utilize the

salt springs. I have already stated that these springs are almost always found

along the stream beds ; and the natives have overcome the difficulty of obtaining

a strong brine for evaporation in a most ingenious way. A fairly sized log of

wood is hollowed out in the centre, and driven into the bed of the stream over'

the spring, whilst the space between this hollow cylinder and the rock is safely

plugged with clay. A bamboo-wicker work is then placed round the wooden

cylinder and the space between the two filled with clay, well rammed in ; a few

heavy boulders, on the top protect the clay from being washed away. The brine

then rises in the wooden tube sometimes above the level of the surrounding stream.

It is pumped out in the ordinary way by means of a pot, and then boiled down, in

the way as described by me in a previous note on a salt spring near Bawgyo in the

Shan States.

»

Preliminary notice on the Echinoids from the Upper Cretaceous System of Baluch

istan, by Fritz Noetling, Ph.D., F.G.S., Paleontologist, Geological Survey

of India.

The fine collection of fossils, which Messrs. Griesbach and Oldham have ob

tained from the cretaceous rocks of Baluchistan, contains, amongst others, num

erous well-preserved Echinoids, several of which I recognised to belong to the

genus Hemipneustes Agass. The occurrence of this genus seemed to indicate the

existence of the £tage Danien in Baluchistan—a fact which, if proved with certainty

would be of considerable interest. The closer examination of the Echinoids has

elicited some more interesting facts, which I publish now, because a considerable

time must lapse before the examination of the whole fauna can be completed.

It is unfortunate that no figures of the new species can be given here, and, for

the time being, the conclusions I base on the species mentioned below must be

accepted in good faith, but I hope that the publication of the whole of the creta

ceous fauna of Baluchistan will not be delayed much longer. On the other hand,

I think that the results of the examination of the Echinoids will be of some assist

ance to the field geologists who are working now in Baluchistan, and it may be

hoped that these notes will help to elucidate further facts concerning the develop

ment of the Upper Cretaceous system in Baluchistan.

From a paper in the " Records " 1 it appears that Mr. Oldham divides the strata

below the Ghiizij beds (Eocene) into three groups, which in descending order are

as follows :—

3. Dunghan group.

2. Belemnite beds.

I. Massive limestone.

An unconformable break is said to exist just above the Belemnite beds. It

might then be expected that a considerable difference in the fauna of the Belemnite

1 Geology of Thai Chotiali, Records, Geological Survey of India. Vol. XXV., P. 18.
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beds and the Dunghan group would be met with, a view which had been fully

borne out by the facts. However, Mr. Oldham, unfortunately, was led into a

mistake, further elaborated in the and Edition of the "Manual," p. 291, to assume

that the Dunghan group contained an anomalous fauna, and that Nummuliles were

associated with cretaceous forms.

Mr. Oldham continues : " Under these circumstances it must remain an open

question whether we are to regard the Dunghan group as oldest tertiary or newest

secondary in age ... If the top of the Dunghan group represents the lower limit

of the tertiaries, we have to acknowledge an extreme abundance of the genus Num-

mulina in beds of cretaceous age ; if the bottom, then the Ammonoidea are re

presented in beds of tertiary age by several genera and species. A third* interpre

tation is open, and probably it will prove the true one, that the Dunghan group

represents the gap between the Secondary and Tertiary period in Europe."

Supposing Mr. Oldham's observations were correct, they would contain nothing

new, because true Nummuliles have been discovered in the Eastern Pyrenees in

strata which have been considered by Mr. Seunes1 as belonging to the etage Danien.

These strata are said to pass gradually into limestones which contain large Num

muliles (A. perforata).

It is to be regretted that Mr. Oldham advanced such far-reaching theories on

palseontological evidence which cannot be considered as conclusive. I have ex

amined the " Nummulina" of the Dunghan group in Mr. Oldham's collection, and

have found that Mr. Oldham had mistaken a species of the genus Orbilolites for

Nummulina, and as the form is a typical cretaceous genus, the anomaly disappears.8

Mr. Griesbach has lately been over the sections described by Mr. Oldham in

the paper quoted, and has found that there are three distinct series of rocks

represented in that part of Baluchistan ; the lowest (Mr. Oldham's " massive lime

stone") contains a number of fossils, which I am now engaged in working out. I

found that they chiefly belong to the genera Macrocephahtes, Zitt., and Perisphinc-

tes, Waag., and that several forms from Kach, such as M. transiens, Waag., and M.

polyphemus, Waag., are represented amongst them. The " massive limestone" is

therefore of jurassic age, and represents probably the Kelloway group.

Above the massive limestone follows a series of beds, which are distinguished

by an abundance of specimens of Belemnites. Locally the Belemnite beds may

be divided into various horizons, but it seems doubtful whether such horizons

could be traced over more than a very limited area. The examination of these forms

has proved, that the Belemnite-beds must be considered to be of Neocomian age.

Above the Belemnite beds follow the calcareous beds (locally often sandstones)

which contain a rich fauna, amongst which the genera Sphenodiscus, Zitt., and

Orbilolttes, must be specially mentioned. These beds are also characterised

by the widely distributed Cardtta beaumonti, D'Arch., which in Sind also occurs in

the uppermost Cretaceous.

1 Sennes, Observations sur le Cre'tace' supeVieur des Pyrenees occidentals, Bull, de la

Soc. Geol. de France, 3rd ser., vol. xvii, p. 803.

J I need not dwell here on the controversy that has been going on for a long time

regarding the age of Leymerie 's 6tage Garumnien. It is sufficient to say that Mr. Leymerie

tried to explain the presence of cretaceous Echinoids in the calcaires a Micrasler tercensit by

the theory of colonies— a view which might also be applied to the Dunghan group supposing

the anomalous fauna existed.
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Above the dark-brown Sphenodiscus beds follows the white limestone of the

Eocene formation with true Nummuliles.

From the foregoing remarks it seems clear that the Sphenodiscus beds re

present that part of Mr. Oldham's Dunghan group which contains the cretaceous

fauna together with the so-called " Nummulina."

The Echinoids which have been described in the following pages have been

collected by Messrs. Griesbach and Oldham in the Sphenodiscus beds ; none come

from the massive limestone or the Belemnite beds, nor from the nummulitic

limestone above. We are therefore in a position to ascertain with great accuracy

the age of the Sphenodiscus beds.

The Echinoid fauna here described consists of u genera with 1 6 species, of

which 8 genera are represented by one, three genera by two, and one genus by

three species, viz. :—

1. Cidaris suliimani, spec. nov.

2. Oithofsis ptrlata, spec. nov.

3. Cyphosoma sp.

4. Protechines paucitubereulatut, gen. et spec. nov.

5. Eehinoconus gigas, Cotteau.

6. Holtctypus baluchittanensis, spec. nov.

7. Pyrina ataxensis, Cotteau.

8. » giganlea,1 spec nov.

9. Echinanthut griesbachi} spec. nov.

10. Clypeolampas helios,' spec. nov.

1!. „ vishnu, spec. nov.

12. Hemipneustes pyrenaieus, Hubert.

13. „ leymtriei,1 Hubert.

14- H comprestut, spec. nov.

15. Hcmiaster blnnfordie, spec. nov.

16. „ oldhami, spec. nov.

Out of the 16 species, 15 have been determined specifically, and only 1

generically ; out of the 15 specifically determined species, 11 have been found to be

new, but 4 could be identified with well-known species from Europe ; these are—

Eehinoconus gigas, Cotteau.

Pyrina a/axensis, Cotteau.

Hemipneustes pyrenaieus, Hubert.

„ leymeriei, Hubert.

I wish to say at once that among the 1 1 new species several show so close a

relationship to other European species that it is quite probable that on actual

comparison with the type specimens they may be found identical, and that the

number of European species appearing in the cretaceous system of Baluchistan may

in fact be much larger than stated above. However, the four species named have

been recognised with great certainty, and we may therefore say that the Echinoid

fauna of Baluchistan exhibits a most marked European character.

1 The horizon of this species is not quite certain ; Mr. Oldham, who has collected it,

simply states from " Dunghan group " ; from the state of preservation I think that it has been

collected in argillaceous strata just above the Belemnite beds.
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This feature appears still more remarkable if we take into consideration that

these four species occur principally in the dtage Danien of the Pyrenees. We are

therefore fully justified in assuming, from the evidence of the Echinoids, that the

cretaceous fauna of Baluchistan is of European type, and showing the closest

relationship with the cretaceous fauna of the dtage Danitn of the Pyrenees. I admit

that this is a somewhat startling result, and I must say that for some time I felt

serious doubts as to its correctness, considering the great geographical separation ;

but after I noted down this fact, I came across Mr. Cotteau's note, "Sur un

exemplaire du Corasler Vilanova provenant de Tersakhan (Turkestan)."1 Mr.

Cotteau, whose high authority on Echinoids will hardly be doubted by anybody

describes in this a small echinoid, which had been presented to his brother by

General Komaroff of the Russian Army. I quote here Mr. Cotteau's own words :—

" Cette espece avait &e dans l'origine considered par M. Vilanova et par moi qui

n'avais fait que suivre ses indications, comme docfene. De nouvelles observations

ont deraontre' que la couche qui renferme le Corasler Vilanova doit se placer dans

la Craie, a un niveau sup^rieur. La d^couverte de cette espece faite r^cemment par

M. Seunes dans la Craie supe"rieure des Pyr£n6es, ne laisse plus aucun doute sur

l'horizon stratigraphique du Coraster Vilanova.

" La presence de ce petit Echinide, a une aussi grande distance des Pyre"n6es et

de la province d'Alicante, est extrSmement intdressante et suffit pour &ablir que les

depots de Tersakhan, dans lesquels il a 6t6 recueilli, font partie de la Craie

supe"rieure, et que, suivant toute probability, les mers cr6tac6s, qui recouvraient

cette partie de la pe"ninsule espagnol et des Pyr£n£es, se prolongeaient jusque dans

le Turkestan."

There is other evidence of the probability that the cretaceous beds of Turkestan

belong to the same area of deposition as those of Baluchistan, and if an Echinoid

has been discovered in the former which is identical with a form which has hitherto

only been found in the Upper Cretaceous system of the Pyrenees and Spain, it

is by no means surprising that in Baluchistan several species have been found

which are also identical with forms occurring in the cretaceous beds of the

Pyrenees.

Mr. Cotteau's view that the sea in which the cretacous beds of the Pyrenees

were deposited, extended to the Turkestan a.rea, appears to be fully corroborated by

the examination of the Echinoids from Baluchistan. In fact we might assume that

the cretaceous sea in which this remarkable fauna lived had extended far to the

south and certainly reached to Baluchistan.

If we turn our eyes further south-east and compare the Echinoids from the

Arialoor group of Southern India with those from Baluchistan, we observe a most

striking difference in the facies of the fauna and find that not a single species is

common to both localities; in fact the whole composition of the Echinoid-fauna of

Southern India differs greatly from that of Baluchistan, as will be seen from the

following table. The following genera have been found in :—

Baluchistan. South-India.

Cidaris ..«..X...« X

Orthoptis . .... X ... . X

Cyphosoma . • . . . X

1 Bulletin de la Societe" Geologique de France, 3rd ser., Vol. XVII, p. 155.
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Baluchistan, i South India.

Pseudodiadema X

Micropedina X

Protechinus .... X

Salenia .......... X

Holectypus . . . . • X , . . . X

Echinoconus . . • X . . , . X

NucleoliteS . X

Pyrina X

Cassidulus X

StigmatoPygus ......... X

Botriopygus ......... X

Catopygus .......... X

Echinar.thus . . . . X

Clypeolampas .... X

Hemipneustes .... X ... . X

Holaster .......... f

Cardiaster X

Epiasler f

Hemiaster ..... X ... , X

We see, therefore, that out of a total of 22 genera which occur in the Arialoor

group of Southern India and in the etage Danien of Baluchistan, only five genera

are common to both areas, namely,—

1. Cidaris,

2. Orthopsis,

3. Holectypus,

4. Echinoconus,

5. Hemiaster,

and probably also a sixth, the genus Hemipneustes ; but the presence of the latter in

Southern India is somewhat doubtful, because I base it on the supposition only

that the ill-preserved Cardiaster orientalis, Stol., does not belong to that genus, but

to Hemipneustes, as its poriferous zones indicate. Of the above-named five

genera, four, Cidaris, Hemiaster, Holectypus, and Echinoconus are widely distributed

genera, from which no conclusion can be drawn, and only Orthopsis may be said to

be limited in its vertical distribution, and this genus, together with the probable

Hemipneustes, would form the only connective links between Echinoid fauna of the

upper cretaceous beds of Southern India and Baluchistan.

It may, however, be remarked that it would have first to be proved that the

Arialoor group could be correlated with the Sphenodiscus beds in Baluchistan,

before a comparison of their respective Echinoid fauna could be undertaken ; in fact

it might be assumed that such comparison is inadmissible if, as it is supposed, the

Arialoor group represents the etage Senonien in Southern India, whilst the Spheno

discus beds can be correlated with the etage Danien.

Mr. LeVilleV however, has recognised the presence of the etage Danien in South

ern India, which he calls Ninyur group, and of which we must suppose that it was

included in the Arialoor group, and therefore a comparison of the Danien in

Baluchistan with the Arialoor group of Southern India may by no means be

incompatible with the actual facts.

It must therefore be admitted that a large faumstic difference exists in the

1 Bulletin, de la Socidte G60I. de France, 3rd ser., Vol. XVIII, 146.
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Echinoid faunas of the upper cretaceous systems of Baluchistan and Southern

India—a difference which not only concerns the species but also the genera. This

fact is the more striking if we consider the faunistic similarity between the upper

cretaceous systems of Baluchistan and the Pyrenees.

The only inference which we are able to draw from this fact is that a great

faunistic province extended from South-Western Europe towards Central Asia and

Baluchistan—the cretaceous Mediterranean Sea,—and that this same province was

separated by a land barrier from the sea, in which were deposited the cretaceous

beds of Southern India; a view which has already been expressed by other writers,

amongst them the late Dr. Neumayr.

♦

On Highly Phosphatic Mica-Peridotites intrusive in the Lower Gond-
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I.—Introduction.

1. Besides the fact that hitherto only one or two types of ultra-basic rocks have

been described in India, a special interest attaches to the varieties of the rock

described in this paper for the following reasons :—

/j/t—It is irrupted as dykes and sheets coking the coal and baking the

sandstones and shales of Damuda age in Bengal, thus occupying a

position similar to that of its near relative, the diamond-bearing peri-

dotite of South Africa, which breaks through the carbonaceous rocks of

the Ecca beds and Kimberley shales—strata contemporaneous in

geological age and agreeing partly in lithological characters with the

coal-bearing Damuda series of India. That diamonds have originated

by the action of peridotites on carbonaceous rocks seems to be a most

natural conclusion from their frequent occurrence either in the igneous

rock itself (South Africa) , or in localities where peridotites are intruded

into carbonaceous rocks (New South Wales, Western America). This

similarity of conditions, therefore, in the Indian coal-fields is most

suggestive.1

2nd.—The presence of biotite and anthophyllite amongst the leading constitu

ents of this rock considerably limits the number of its relatives amongst

the described peridotites of the world, whilst the quantity of apatite,

amounting sometimes to over 1 1 per cent., makes it unique amongst

igneous rocks. Whilst apatite is about the most widely distributed of

all rock-forming minerals, I know of no case in which its proportion

amongst the rock-constituents would entitle it to be regarded other

than as an accessory, whilst in the peridotites it is comparatively scarce.

2. Mr. F. G. Brook-Fox called my attention to these rocks in 1892, and kindly

brought specimens from Giridih and Assensole. Since that date I have followed

up the subject during short holiday excursions to the coal-fields, principally in com

pany with Dr. Saise, Manager of the East Indian Railway Company's collieries at

Giridih, to whom I am indebted for some very interesting specimens and for generous

assistance in many ways. I am indebted also to Professor Judd of the Royal College

of Science, London, for having kindly examined the slides of the mica-peridotites

from the Darjfling area and for correcting my determinations.

1 Cf. H. Carvill Lewis, " On a diamantiferous peridotite and the genesis of the diamond,"

Ceol. Mag., dec. Ill, vol. IV (1887), p. 22 ; Rep. Brit. Ass., 1887, p. 720. A. H. Green, " A

contribution to the geology and physical geography of Cape Colony," Quart. Journ. Geel. Soe.

vol. XLIV (1888), p. 239. The diamond-bearing peridotite of South Africa is, like the

Bengal rock, associated with a series of intrusive sheets and dykes of dolerite, which appear to

be the underground representatives of the great sub-aerial lava-flows forming the highest

sub-division of the Stormberg beds (Green, loc. eit., p. 255), and thus occupying a position cor

responding to the Rajmahal traps of Bengal.

The analogy of the occurrence of diamonds in meteorites and in peridotites, their nearest

terrestrial allies, has frequently been remarked {vide Daubree, Comptes Rendus, vol. CX

(1890), p. 18).
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II.— Previous descriptions of the " Mica Traps."

3. Dr. W. T. Blanford seems to have been the first to record the occurrence of

black mica in the dykes of igneous rock intersecting the Lower Gondwana beds of

the Raniganj area, and although in i860 he could have had no means for distin

guishing the petrological characters of the two principal types of dyke-rocks intru

sive in the coal-field, he distinguished two groups by their distribution amongst the

stratified rocks, describing what he thought to be the older as almost invariably de

composed and soft, forming a red or yellow stone, frequently vesicular and with a

habit of forming sheets in the coal and sandstones. From observations which have

been greatly facilitated by mining operations since carried out in this and in the

adjoining coal-fields, I find that the dykes which are soft, buff-coloured and vesicular

at the surface can be traced in the mine-shafts to compact mica-apatite-peridotites,

whilst the basaltic dykes, which can now be proved to be younger {vide infra,

paragraph 1 4), display characteristic jointing and spheroidal weathering at the surface,

with microscopic characters that are unmistakeable.1

4. In 1866 Mr. Hughes distinguished the mica-traps, which decomposed to

yellow earth and occurred in narrow dykes in the Jherria coal-field, from the

basaltic dykes of the same area.'

5. In 1867 Dr. V. Ball described a trap-dyke, crossing the Damodnr (Damuda)

north-east of Burobing in the Ramgarh coal-field, as decomposed and earthy similar

to many seen in the Rdniganj field.3

6. In 1868 Mr. Hughes recognised micaceous traps amongst the dykes of the

Girfdfh (Karharbarf) coal-field.4

7. In the Jaintf coal-field (Deoghur) Mr. Hughes distinguished in 1868—70

between the micaceous and the augitic types of dyke-rocks, remarking that the

former are always in thin dykes, are more decomposed, and affect the sediment

ary rocks to a greater extent than the latter—an observation which is confirmed by a

microscopic study of the contact effects.6

8. The first microscopic examination of the so-called "mica-traps" was made,

in 1880 by Mr. F. Rutley of the Royal College of Science, London, who described

specimens collected in the Girfdfh (Karharbarf) coal-field by Dr. Saise. Accord

ing to the extract from Mr. Rutley's note published in Dr. Saise's paper on the coal

field, the rocks were " micaceous traps very decomposed indeed, the felspar being

replaced by carbonate of calcium." In one specimen he suspected the occurrence

of olivine.6

9. In 1888 my colleague, Mr. P. N. Bose, described some mica-traps from Bara-

(') "On the geological structure and relations of the Raniganj coal-field, Bengal." Mem.

Geol.Surv., Ind., vol. Ill, pp. 141—149. The great Salma dyke, for instance, to which Dr.

Blanford referred as possibly a member of the younger group (p. 143), is an augite-plagio-

clase rock.

• Mem., Ceol. Surv., Ind., vol. V, p. 322.

• Ibid., Vol. VI, p. 129.

• Ibid., Vol. VII, p. 239. Recently these and the other dykes of this area have been examin

ed in detail by Dr. Saise and myself and will form the subject of a separate note.

1 Mem., Ceol. Surv., Ind., Vol. VII, p. 252.

• Trans. North Eng. Inst. Min. and Mech. Eng., Vol. XXX (1880), p. 13.

C
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kar and Raniganj under the names kersanton and hersanlile} From an examina

tion of Mr. Bose's slides and specimens, together with a large collection of fresher

rocks from this and other coal-fields in Bengal, I should not hesitate to class these

rocks with a far more basic type.

III.—Mode of Occurrence.

10. Compared with the basaltic dykes of the same area, the mica-peridotite in-

trusions are very narrow, never, so far as seen in the Girfdfh coal-field, exceeding

about 3 feet in width ; and this seems to be true also of similar intrusions in the

associated fields.3 From dykes of this width it can be traced down to minute veins

ramifying in the most intricate manner, and even as thin films spreading between

the separate columns in the zones of burnt coal which border the dykes (6-93o).3

11. This rock frequently occurs also as sheets intruding along the beds of coal-

bearing rocks—a habit noticed by Dr. Blanford to be so constant that he found it

necessary to reassure himself that the igneous rocks were not interstratified lava-

flows contemporaneous with the coal.4 It has thus become to the coal-mine

owners a more formidable pest than the larger masses of basalt which occur in

vertical dykes.

12. A further mode of occurrence is exhibited in one of the mines of the East

Indian Railway Company's collieries in the Giridih field (Jogftand shaft, No. 7).

One of the galleries has been driven through a mass of peridotite 50 feet

thick, and numberless veins from this are found ramifying in all directions and

anastomosing amongst the coal-seams around. The other galleries of the mine

have, however, only passed through narrow dykes of trap, and they show that the

lateral limits of the large mass are, at any rate, within the area of the galleries.

There is, therefore, a boss-like expansion in this locality.

13. Representatives of the same rock, with slight local variations in structure

and mineral composition, occur in the coal-fields of Raniganj and Barakar, of Jher-

ria, of Deoghur, and probably of Ramgarh. It occurs also in the Darjiling coal

field also in sheets, with the usual contact-effects of intrusion.

Geological age.

14. According to Dr. Blanford, there is a much larger amount of trap permeat

ing the Lower Damudas than the younger beds, and the sheets of igneous rock

intruded into the former strata appear to be alone amongst the trap-rocks of the

field which have been thrown by faults. The age of these rocks is, therefore, given

as probably Damuda and possibly Lower Damuda.5 Specimens which I identify

with the mica-peridotite here described were collected by Mr. Bose and stated by

him to be intrusive in the Raniganj series.6 The uppermost members of the

1 Rec, Geol. Surv., Ind., Vol. XXI (1888), p. 163. See also description of the mica-traps

occurring in the Damuda rocks of Darjeeling district. Ibid., Vol. XXIII (1890), p. 241.

* For example, Jherria (Hughes), Jainti (Hughes), and Raniganj (Blanford).

* The numbers in parenthesis refer to the specimens in the Geological Museum, Calcutta,

which illustrate the features described or figured in this paper.

* Loc. cit., pp. 146 and 147.

* Loc. cit., pp. 148 and 149.

* Rtc, Geol. Surv., Ind., Vol. XXI (1888), p. 164. (Specimen No. 8-383).
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Damudas, therefore, must be fixed as older than this intrusion. In a paper by

Dr. Saise and myself which is in course of preparation, it will be shown that the

mica-peridotite is, as Dr. Blanford suggested from more indirect evidence, older

than the associated basaltic rocks, and if we take these (as all later workers have

agreed with Dr. Blanford) as contemporaneous with the Rajmahal lava flows,

the age of the mica-peridotite can be fixed between the narrow limits of Damuda ori

the one side, and Rajmahal on the other, that is to say, not far from the Trias of

Europe and the Panchet of India.

Contact effects.

1 5. Wherever the peridotite has invaded the coal-measures the coal has lost its

lustre, is heavier, hardened, coked and often made beautifully columnar in zones

of variable width along both sides of the dykes.

In an equally striking manner sandstones have been baked and even partially

fused, with the production, in the more felspathic kinds, at structures which some

times recall the corroded quartz-crystals and crypto-crystalline fluidal matrix of a

rhyolite. These contact-effects will be described in detail in the joint paperalready

referred to.1

IV.—Petrological characters.

Macroscopic characters.

16. The most coarsely-grained varieties have been obtained in the Darjfling

district. In specimens of these the glistening scales of brown mica measuring about

2 mm. across form the most prominent feature (8723, 9707). The freshest

specimens have been obtained from Giridih, and appear as tough and almost black

rocks with spangles of biotite, glassy-looking phenocrysts of olivine, and large

numbers of acicular crystals of apatite (9-876). Specimens from the narrower

dykes and veins are generally dark green in colour, finer in grain, and are always

more decomposed, masses of serpentine representing the original phenocrysts of

olivine (9* 104). In small veins and on the selvages of larger intrusions the rock is

compact, of a greenish tinge, weathering to a buff-coloured earth (9,i044, 9'io45).

Sometimes the selvages present a variolitic appearance, but the structures which

represent the original varioles are now made up of secondary minerals. A similar

variolitic appearance has been recorded by Diller at points where in the peridotite

of Elliott County, Kentucky, the rock comes in contact with the strata and includes

fragments of shale.2 (See also para. 35.)

1 7. Where in breaking through the coal the rock has met a nest of iron-pyrites,

there has been produced a slaggy mass with very distinct fluidal structure and

1 The late J. B. Jukes, referring in the memoir on the South Staffordshire'coal-field to the

distances to which the narrow veins of igneous rocks run in the coal-measures of that area,

concludes that "at the time of the injection it had a temperature not merely just sufficient to

melt it, but a much higher one, sufficient to allow of the loss of a considerable quantity of heat,

and yet for the matter to remain still molten in its passage to very considerable distances from

the volcanic focus " (2nd edition, (1859), p. 123). I have referred above (para. 10) to the fine

ramifications and the long, yet narrow, dykes of mica-peridotite in the Bengal coal-fields, and

the conclusion that such a condition is indicative of high temperature is confirmed by the

intensity of the widely-extended results of contact metamorphism noticed by Dr. Blanford.

• Bull., U. S. Geol. Surv., No. 38 (1887), p. 83.

C 3
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black colour, like the artificial slags darkened by sulphides described by Percy

(9-877)-1

18. In some cases, where the biotite occurs in excessive proportions, the result

of pressure at the margins of the dykes has given rise to a rock as fissile as mica-

schist (9-1047).

• 19. At the surface the dykes weather to a soft buff-coloured earth in which the

partially bleached and hydrated mica frequently appears, as noticed by Dr. Blan-

ford, wrapped around small spheroidal masses, which are often hollow in the

centres and remind one again of varioles (9 874). In these weathered specimens

bands of cavities strongly resembling those of a scoriaceous lava frequently occur ;

they are presumably only hollows from which serpentine and other minerals have

been removed in solution (9 872).

Specific gravity.

20. As all specimens have suffered to some extent from hydration the specific

gravity of the rock has been lowered to varying degrees. The following table

shows the average specific gravity of the principal types :—

Rock. Sp. Gr.

9'876. The freshest specimen with porphyritic olivine, from the

centre of the large mass in No. 7 Jogitand shaft, Giridih.

Depth, 286 ft 2-99

8723. Coarse-grained variety from the eastern branch of the Cherang

Khola, Darjfling district . ...... 3-90

9'IOS- Fine-grained rock with olivines completely decomposed. Dyke

in No. 7 Jogitand shaft, Giridih . .... 280

9104. More decomposed and finer in grain. Same locality . .271

9-199. Buff-coloured and soft decomposed variety from the dyke at the

surface ..." 2-634

Fusibility.

21. Specimens, like 9' 105, in which the olivines have been hydrated into

serpentine, fuse easily before the blowpipe to a black, non-magnetic, and slightly

vesicular glass (degree 3 of von Kobell's scale). The fresher varieties containing

clear olivine are more refractory—a difference evidently due to the contained water

whose influence on the fusibility of substances is well-known from the results of the

late Prof. Guthrie,8 whilst Prof. Judd, with these researches in mind, has pointed

out that rock-masses heated to within a small range of their fusion points when

dry may become molten on the introduction of water.3

22. Fragments of a partly decomposed variety fused for five minutes in a cruci

ble gave on cooling a streaky bronze-coloured glass, which was easily decompos

able by hydrochloric acid, and had a specific gravity of 2-895, being thus heavier

than the original rock (2-80).

23. The glass kept at a cherry-red heat for 12 hours, lost its vitreous lustre and

darkened in colour, resembling tachylyte. The fracture at the same time became

" uneven," and the specific gravity rose to 2-99, whilst the product was far less

easily decomposed by acid than the original glass.

• Metallurgy (Fuel), 1875, p. 58.

» Phil. Mag. vol. XVI11 (1884), p. 117.

Ctol. Mag., dec. Ill, vol. V (1888), p. 10.
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24. Under the microscope trie glassy form has a yellowish brown colour with

feathery skeleton aystals generally developed around nuclei of magnetite. The

partly devitrified form, however, is so crowded with such feathery skeleton-crystals

that they interfere with one another during growth. These microlitesare colourless

in their centres, possess a high index of refraction, high double refraction, and in

shape resemble those of olivine.1 (Plate I, fig. 5.)

Chemical composition.

25. All but the freshest specimens effervesce with mineral acids, and the

microscope confirms the presence of rhombohedral carbonates (paragraph 36). It

seems natural to expect that slow oxidation of the coal by oxygen dissolved in the

circulating under-ground waters would result in the production of considerable

quantities of carbonic acid and consequent formation of carbonates from the decora-

posing silicates of iron, lime and magnesia. A similar phase of.alteration seems to

have been noticed in most cases of igneous rocks which have intruded into coal

measures.'

Of specimen No. 9*876 as much as 58*23 per cent, was soluble in hydrochloric

acid.

26. A remarkable feature of the rock is the large quantity of phosphoric acid,

which the microscope shows to be in the form of apatite (Plate I, figs. 1,2 and 3).

Specimen No. 9-876 yielded 5-234 percent. P206 (equivalent to 11-426 per cent.

Ca3 P3 08 ), whilst the analysis of a more hydrated form (9*105) from the same

shaft, gave phosphoric acid equivalent to io-66 per cent, of lime phosphate. The

decomposition of large quantities of this rock at the surface must contribute sensibly

to the fertility of the neighbouring soil ; but though the quantity of lime phosphate

would be considered large enough to warrant remark from the petrologist, it would

not be sufficient to justify raising for economic purposes. Even the richest form

would be poor compared with the basic Bessemer slags, and the use of these has

been attended with indifferent success.3

27. The proportion of silica rises not only by the removal in solution of the

soluble bases, but in this case, where the rock invades masses of sandstones, frag

ments of quartz are caught up and infiltrations of silica would naturally be expected.

The following results have been obtained :—

Nature of the rock.
Sp, Gr. • Silica per cent.

9 876. Olivines partly decomposed . 299 40-25

9-105. Olivines completely hydrated .... 280 4132

8-384. Rock much decomposed, with secondary quartz . 277 48-48*

8-283. Ditto ditto a-45 51-68'

8 282. Vesicular rock containing much secondary silica . 57-83-

1 Cf. Rosenbusch, Micro. Phys. (Iddings) 1888, p. 213.

a Cf. Delesse, Ann. dts Mines., 5th ser. vol. XII (1857), P- 144*' J- B- luke3> °P-

eit., p. 118. I.L. Bell, Proc. Roy. Soc, vol.XXIH (1875), p. S47- J S. Dil'er, Bull. U. S. Geol

Surv., No. 38 (1887), p. 19. E. Stecher, Tschermok's Min. Mitt., vol. IX (1888), pp. 190, 195.

also Proc. Roy. Soc. Ed., vol. XV (i£88), p. 17*

• Wedding, Basic Bessemer Process, Ener. Ed. (1801), p. 172.

* Analysed by Mr. T. R. Blyth; Bose Rrc, Oral. Surr,l»d., vol. XXI., rp. 164 *n6 1^5.
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Microscopic characters.

28. The numerous specimens which have been collected from different parts

of the coal-fields exhibit a wide variation in structure and, within small limits, a

variation in mineral composition. There is no difficulty in recognising the fact that

the selvager of the dykes are finer in grain than the portions nearer the centres,

and that the middle portions of the larger masses are more perfectly crystalline

than the smaller veins which branch from them. But, as the face of a dyke is

generally a plane of water circulation, the selvages and—for the same reasons—the

smaller veins have been in all cases much decomposed, with the destruction of the

glass which was very probably amongst the original constituents. (See para. 35.)

With the exact knowledge, however, obtainable from the undecomposed types there

is little chance of error in identifying the shapes of minerals whose places have, since

consolidation, been filled with such secondary products as quartz and rhombohedral

carbonates.

Minerals.—The minerals which enter into the composition of these rocks are as

follows :—

Primary (approximately in order of crystallization).—

Apatite.

Olivine.

Spinelloid iron-ores (Magnetite, Chromite) and Ilmenite.

Biotite.

Anthophyllite.

Augite.

Doubtful matrix in small quantities.

Secondary—

Serpentine.

Magnetite.

Perofskite.

Rhombohedral carbonates, chiefly dolomite.

Hydrated oxides of iron and clay.

Pyrites.

Primary minerals.

29. Apatite (Plate I, figs. 1, 2, and 3) occurs in slender prisms sometimes

3 mm. long and seldom measuring more than O' 15 mm. across. Basal sections are

hexagonal in shape with sharp angles, exhibiting undoubted isotropism. The centres

are often darkened by numerous cavities disposed parallel to the vertical axis and

sometimes arranged in zones (0/ 105). Occasionally, however, the apatites are free

of such inclusions (9 876, 8723). Longitudinal sections are jointed transversely,

and show low double refraction polarising in characteristic greys, with unmistakeable

straight extinction. The quartz-wedge plainly shows the negative character of the

double refraction.

Treated with hydrochloric acid the crystals are dissolved, leaving empty spaces

on the slide ; the solution readily gives a yellow precipitate with ammonic molyb-

date.

Apatite occurs only in comparatively small quantities in the Darjfling speci

mens (8723) and is most conspicuously developed in those from Giridih (9'i04,

9-105, 9*876). amounting to over. 11 per cent, of the rock. It withstands decom
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position longer than any of the constituents Of the rock except biotite, and is found

in scattered needles in specimens in which the olivines have been completely

replaced by carbonates (9877,).

Apatite as usual is included by all other constituents, but most rarely by the

olivines. The excessive quantity of this mineral in view of previous descriptions

of igneous rocks, and especially of peridotites, certainly seems surprising; but

chemical analysis so completely confirms the microscopic characters that there is

no question of its jdentity,1 I have considered it necessary to give these details

because this mineral has, apparently, been taken for plagioclase. Mr. Bose, whilst

omitting to mention the presence of apatite in specimen No. 8'283, has referred to

" lath-shaped, badly-developed crystals of plagioclase occurring as individuals and

exhibiting no twinning."8 On examination of the Original slide I should not hesi

tate (0 identify these crystals with apatite, whilst there is no evidence now of the

presence of plagioclase (slide No. 563).

30. Olivine (Plate I, figs. 1—4) occurs as large clear phenocrysts measuring

sometimes as much as 10 mm. across (9*876), and as smaller crystals, which

are almost always serpentinised. The crystals are well-shaped, and sometimes

have sharp edges preserved. Serpentinous hydration has developed along the

characteristically irregular cracks with separation of magnetite dust. A common

occurrence is a more or less circular crack cutting off an exterior zone, which is

cracked radially and into small fragments, from a central mass which is cracked

more irregularly (fig. 4). The high refractive index and strong positive double

refraction are those of olivine. Cleavage is sometimes developed parallel to the

brachy-pinacoid as shown by the position of the interference figure in macro-

pinacoidal sections. Pieces taken from the clear porphyritic crystals sank in a

liquid of specific gravity 3*30. In a few types olivine still remains fresh (8723,

9'7°7. 9'876), but most specimens show either complete conversion into serpentine

(9-io5) or final replacement by rhombohedral carbonates (8"383), sometimes with

secondary quartz (9-877).

31. Iron-Ores {Magnetite, Chromite) and Ilmenite (figs. 1—3).—These are very

variable in development. In the Darjfling specimens they are either absent or rare

as primary constituents (8723 and 9707). In some Girfdfh specimens they occur

in numerous well-shaped crystals included in the biotite, but not in the olivine or

apatite. Some of these granules transmit light of a brown-yellow colour, possess

a high refractive index, and are isotropic. As this rock gives decided reactions

for chromium, it is more than likely that these grains are chromite, which is so

characteristic of ultra-basic rocks.

1 Mr. Harker in describing recently the gabbros of Carrock Fell has made the interesting

observation that whilst apatite is scarcely to be found in most specimens of the more acid

varieties of the gabbros it becomes locally abundant in the highly basic marginal rocks.

(Quart. Journ. Gtol. Sac, vol. L (1894), p. 324, and plate XVII, fig. 4).

A concretionary substance infilling joints and cracks in a compact peridotite from St.

Paul (Atlantic) Contained considerable quantities of phosphate of lime, but Renard concluded

that it was formed after the manner of common mineral incrustations and is, therefore, not

comparable to the large quantities of apatite which exists as a rock-forming mineral in the

Bengal peridotites under consideration (" Challenger" Reports. Narrative, Vol, II, Report

on the Petrology of the rocks of St. Paul (1879), pp. 16 and 21).

• Rtc., Ctiil. Surv., Ini., vol. XXI (1888), p. i6S-
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32. Biotitc (figs. 1 and 2) is preserved in all but the most decomposed varieties.

The pleochroism is very striking, changing from deep red-brown to bright yellow.

Numerous inclusions of apatite and olivine sometimes give the crystals an ophitic

aspect (9T05), but occasionally clear crystal-outlines are noticeable (9707). The

small optic axial angle is noticeable in basal scales.

33. Anthophyllite (fig. 2).—In the Darj fling specimens, and to a less extent in some

from Girfdfh (9- 104, 9" 105), there occur platey or divergent bundles of a mineral

exhibiting most striking pleochroism. Cross-sections of these show prismatic

cleavages like those of amphibole, and I am indebted to Professor Judd for calling

my attention to the way in which these features can be paralleled amongst the

anthophyllites. Between crossed Nicols sections show colours always of a lower

order than the neighbouring olivines, whilst longitudinal sections show straight

extinction. Partial interference figures are obtained in the longitudinal sections

which show pleochroism from deep claret-red to gamboge-yellow. From these the

double refraction appears to be negative. Other longitudinal sections showing

pleochroism from straw-yellow to gamboge-yellow never give an interference figure

in convergent polarised light. The crystallographic relations of these features can

be made out from the cross-sections, which show the characteristic amphibole

cleavage : in these the pleochroism is claret-red (rays vibrating parallel to the

macro-diagonal) and straw-yellow, (rays vibrating parallel to the brachy-diagonal).

We see, therefore, that the rays vibrating parallel to the vertical axis, as shown in the

longitudinal sections, are gamboge-yellow, and as the interference figure is obtained

only in the sections which show the claret-red to gamboge-yellow pleochroism the

optic axial plane must be parallel to the brachy-pinacoid, and, the double refraction

being negative, we have the following optical scheme :—

<7=a, straw-yellow.

/=b, claret-red. Absorption, b>£>a.

c=c, gamboge-yellow.

The crystals are frequently marked by bands of fine cavities which can only be

individualised under i-8th inch objective. Along the edges and into cracks there is

generally a bluish green fringe which seems to be a change to chlorite, polarising

with very much lower colours. The grains were too small and too well.intergrown

with other minerals to permit isolation of pure material for chemical analysis ; but

from the properties which can be tested it seems safe to refer this mineral, as Pro

fessor Judd has suggested, to the group of rhombic amphiboles. Anthophyllite is,

according to Rosenbusch, often found in serpentines.

34. Augite (fig. 2) occurs in colourless or pale green crystals often developed

around biotite. It occurs in the Darj fling rocks in very small quantities, and its

intimate association with the amphibole suggests an origin for the latter. In the

Girfdfh specimens its distribution is variable. It occurs with the anthophyllite

sometimes in considerable quantities (9' 105), and sometimes is absent in specimens

obtained from the same shaft ; in this case it is noteworthy that the amphibole is at

the same time wanting (9-876). Unless represented by the microlites of the ground-

mass it is absent also from the more compact varieties (9-109).

35. Matrix (fig. 2).—In addition to the minerals described above, there occurs

in the Girfdfh specimens a dirty matrix polarising with very low tints, either in small

irregular patches like a partly devitrified glass, or as a microcrystalline mosaic. In
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some places it suggests felspar, but there are no signs of twinning or definite crys

tal structures and its quantity is very small. It appears like a residuary matrix

(9*876, 0/105). Classing this substance as an altered glassy matrix seems to be

the more justified from the occurrence in the American mica-peridotites of a glass

presenting similar characters. In a mica-peridotite occurring as a dyke of late

carboniferous age in Central New York C. H. Smyth, Jr., has recognised a glassy

matrix which is not always devitrified.1 A brownish-grey clouded material with

similar relations has been noticed by Diller in a mica-peridotite dyke in Kentucky,'

and similar material has been found in other peridotites, for example, in kimberlite

from South Africa (H. Carvill Lewis) and in the Elliott county peridotite in Ken

tucky (J. S. Diller).

Secondary minerals.

36. In all specimens the processes of hydration and the production of carbo

nates have commenced. Serpentine, as usual, results from the hydration of the

olivine, the change being attended with the separation of dusty magnetite. In one

specimen in which decomposition has well advanced small crystals imbedded

in the serpentine exhibit the characters of perofskite. They occur as yellow,

clouded grains generally diamond or spindle-shaped, measuring up to o-i mm. long

and o"05 mm. wide. The grains when sufficiently clear to examine with polarised

light show occasionally very strong double refraction which seems to be due to

carbonates filling the yellow shells. When quite brown, however, they are isotropic.

Removed from the serpentine with a sharp needle and fused with sodium-carbonate

they gave a distinct reaction for titanium on being boiled with hydrochloric

acid and tin. Diller has described as anatase similar grains in the serpentine

pseudomorphous after olivine in the peridotite of Elliott County, Kentucky.

G. H. Williams identified perofskite in the serpentine of Syracuse, New York in

1887,8 and at his suggestion Diller on re-examining the Elliott Country peridotite

found that similar grains which had been doubtfully referred to anatase were

really perofskite.4 Similar grains in peridotites have been referred to perofskite by

C. H. Smyth (Central New York),6 by Diller (Kentucky)8 and by Branner and

Brackett (Arkansas).7 The carbonates, which are so common in these rocks, give

the chemical reactions for dolomite.8 These are found, sometimes with clear

secondary quartz, infilling cavities from which decomposable minerals have been

removed. As a final stage in the processes of decomposition, the magnetic oxides

1 Amir. Journ. Set., 3rd Set., Vol. XLIII (1892), p. 324.

• Ibid, 3rd Sex., Vol. XLIV (1892), pp. 287 and 288.

3 Ibid, 3rd Ser., Vol. XXXIV (1887), p. 140.

4 Ibid., 3rd Ser., Vol. XXXVII (1889), p. 219.

• Ibid., Vol. XLIII (1892), p. 324

• Ibid., Vol. XLIV (1892), p. 287.

Ibil ., Vol. XXXVIII (1889), p. 57-

8 Previous records of the occurrence of carbonates among the secondary products of

igneous rocks which have intruded into carbonaceous strata have already been referred to

(ante, p. 135). In tne case of the Elliott Co. peridotite similarly situated, the carbonate was found

also to contain magnesia (Diller, loc. cit., p. 19). For further development of dolomite from

peridotite, see Wadsworth, Lithological studies, Mem. Mus. Comp. Zool. Cambr. Mass.,

Vol. XI (1884), p. 139, and R. D. Irving, Fifth Ann. Rep., U. S. Geol. Surv., 1883-84, . 217.
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become oxidised and hydrated, the carbonates removed in solution, and the

aluminous minerals reduced to a soft yellow, buff-coloured or red clay at the

outcrop.

Varieties due to differences of mineral composition.

37. All the rocks originally contained olivine in large quantities, but variations

occur especially in the proportions of the augite and amphibole, and to a smaller

extent, of the apatite. These ultra-basic rocks differ only slightly from the mica-

olivine dolerites, which in the same way break through the coal-measures of the

Barakar area, but which I have not found in the Giridih coal-field.1

The following are the principal types of ultra-basic rocks represented, with

the primary minerals given in approximate order of quantity, the most abundant

first:—

(1) Olivine-mica-apatite rock, with magnetite and chromite (9*876).

(2) Olivine-apatite-mica-augite-anthophyllite rock, with small quantities of

spinellids (a- 105).

(3) Olivine-mica-apatite-anthophyllite-augite rock, with spinellids (9* 104).

(4) Olivine-mica-anthophyllite-augite rock, with apatite (9707).

(5) Mica-olivine-anthophyllite-augite rock, with apatite (8723).

Varieties due to differences of structure.

38. The rocks vary from a fine-grained variety with a matrix probably originally

glassy to varieties composed of crystals measuring 2 or 3 mm. across with por-

phyritic crystals of olivine quite 10 mm. in diameter. In the former type pheno-

crysts of olivine occur in a pilotaxitic matrix ; but biotite, which is so prominent in

other types, occurs in rare and small crystals ; being one of the latest minerals

formed, this is only what might be expected. The olivines are generally replaced

by rhombohedral carbonates with smaller quantities of a yellowish brown limonitic

product, evidently a further stage in the decomposition of the ferro-magnesian

silicates. The apatite crystals are still preserved, and by their arrangement in

directions approximately parallel to the junction with the sandstone, show the

direction of pressure to which the rock was subjected before final consolidation

(9*109, fig. 3). Rocks of this structure would be included under those referred toby

Professor Cole as compact peridotites*, and are equivalent to the picrile-porphy rites

of Rosenbusch and the kimberlite of Carvill Lewis.

The noncrystalline types are granitic in structure and require no further notice

under this head.

V.—Summary.

39. The so-called " mica-traps " intrusive into the coal-measures, sandstones,

and shales of Lower Gondwana age in Bengal, prove to be

"Mica-traps. basic and highly phosphatic ultra-basic rocks (paras. 26, 27,

37).

1 The rock which for the present I have referred to as a mica-olivine-dolerite, is dis

tinguished from the ullra-basic rocks by containing considerable quantities of felspar with a

very small proportion of apatite ; its magnetite also occurs in long laths instead of in granules.

On account of these peculiarities, I have provisionally separated certain compact and partly

decomposed specimens from the ultra-basic group until by fresher specimens their characters

can be traced out more fully. Specimens so separated occur so far only in the Barakar-

Raniganj coal-6eld.

J Aids in Pract. Geol. (1891), p. 220.



PART 4.] HOLLAND: Highly Phosphatic Mica-Peridotites. 141

40. Members of the latter group invariably contain large quantities of olivine

Mineral com osition ant* ^ot'le w^ apatite, which is always abundant and some

times forms as much as 1 1 per cent, of the rock. Amongst

the other primary minerals, augite and pleochroic anlhophyllile take a prominent

place, whilst ilmeni/e, magnetite, and chromile are variable. Amongst the secondary

minerals serpentine and magnetite are the earliest products of alteration. These are

followed by pem/skite and rhombohedral carbonates which always contain mag

nesia. The final result of weathering is a ferruginous, yellow, buff-coloured

or red clay (paras. 28—36).

41. In structure the rocks vary from the coarse holocrystalline varieties which

Structure *orm l*'e centra* P°rti°ns 01 tne large masses, to compact

peridotite forming the selvages of dykes and the smaller

veins. In the latter the phenocrysts of olivine, apatite, and magnetite occur

in a pilotaxitic matrix which probably originally contained some glass (paras. 16,

28, 38).

42. The rock occurs as narrow dykes and intrusive sheets in the coal-fields of

_ Deriding, Ranfganj, Barfkar, Jherria, Deoghur, Girfdfh and
Occurrence. , , . „ , , ., . . ,

probably Ramgarh, thus occurring m places more than 250

miles distant from one another (paras. 10—13).

43. As these dykes are younger than the Ranfganj series and older than the

Geological age Raj mahal traps we have a petrographical province of about

Panchet age (para. 14).

44. As far as can be judged from descriptions, there is an interesting analogy

between these rocks and those intruding into the Kimberley

Afr"cingSridottUef.°Uth shales of South Africa' where' in carbonaceous beds of about

the same age as the Damudas, a diamond-bearing peridot

ite is also associated with basaltic dykes, which are the underground representatives

of the sub-aerial lava-flows capping the Stormberg beds, thus occupying a position

corresponding to the Rajmahal traps of Bengal (para. 1).

VI.—Explanation of Plate I.

Fig. 1. Olivine- biotite-apatite rock with magnetite and chromite. Central

portion of a large mass in No. 7 Jogitand shaft, Giridih coal-field

(9'876).

Fig. 2. Olivine-biotite-apatite-augite-anthophyllite rock with iron-ores and a

decomposed grey groundmass. The olivines in this rock are

almost completely serpentinised (9' 105). From another dyke in the

same shaft.

Fig. 3. Compact peridotite showing fluidal structure by pressure at the selvage

of a dyke intruding into sandstone. Apatite crystals occur as

numerous rods; olivines mostly replaced by carbonates and

limonite ; magnetite scattered through the pilotaxitic groundmass.

Sibpore Colliery, Assensole (9'io9) (see p. 140).

Fig. 4. Crystal of olivine showing two series of cracks (9,876) (see p. 137).

Fig. 5. Microlites developed by maintaining the artificially-produced glass

of No. 9*105 at a bright red heat for 12 hours (see p. 134).

Sp. gr. 2-99.

All magnified X45/2.
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On a Mica-Hypersthene-Hornblende-Peridotite in Bengal—By THOMAS

H. HOLLAND, A.R.C.S., F.G.S., Deputy Superintendent, Geological

Survey of India.

I.—Introduction.

Taking lhe essential and primary constituents in their approximate order of

proportion, the peridotite from Manbhdm described in this paper may be classed as

an olivine-hornblende-biotite-hypersthene-augite rock with accessory pyrrholite and

pyrites.

A certain amount of interest attaches to a rock of this composition—

(1) On account of the very small number of peridotites known in which biotite

is a primary and an essential constituent.

(2) On account of the still smaller number of mica-hornblende-peridotites

known.

(3) On account of the presence also of hypersthene which, with prirriary

olivine, biotite and hornblende, forms a combination of minerals it seems

hitherto undescribed.

(4) On account of the proximity of this rock to the Bengal coal-fields in which

mica-peridotites of a very peculiar character pierce the sedimentary

rocks in all directions.1

(/) Previously described Mica-Peridotites.

An olivine-bioiite rock with blue-green spinel, titaniferous iron, augite and

plagioclase as accessories associated with the gabbro mass of the Harz, was de

scribed in 1889 by Max Koch3. This seems to have been the first mica-peridotite

described.

In 1892 C. H. Smyth described a mica-peridotite occurring as a dyke of late

carboniferous age in Central New York.8 The structure of this rock in being dis

tinctly hemi-crystalline like kimberlite, agrees strikingly with that of some of the

varieties of mica-apatite-peridotites Occurring as intrusions in the Bengal coal-fields.

Later in the same year J. S. Diller published an account of a mica-peridotite

from Kentucky describing it as a dyke-rock composed essentially of biotite, ser

pentine and perofskite, with smaller proportions of apatite, muscovite, magnetite,

chlorite, calcite and some other secondary products. In this rock also there are

considerable quantities of a brownish grey clouded material without crystallographies

outline or such physical features as definitely indicate its origin* From the de

scription it resembles the substance which in the mica-apatite-peridotites I have

referred to decomposed and devitrified residuary matrix.

1 The locality in which the rock was found is on the southern border of the Jherria

coal-field and is only 36 miles west of Raniganj . The peridotites referred to are described

in a separate note (Rec, Oeol. Surv., Ind., vol. XXVII (1894), p. 129).

' Zeitschr. d. Deutsch. geol. Ges., vol. XLI (1889), p. 163.

1 Amer. Journ. Set., 3rd ser., vol. XL1II (1892), p. 322.

4 Amer. Journ. Set., 3rd ser., vol. XLIV (1892), p. 286.
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(a) Previously-described Mica-Hornblende-Peridotites.

The well-known Schillerfeh of Schriesheim in Baden described by Cohen is a

hornblende-peridotite (hudsonite, cortlandtite) with mica, which apparently is less

prominent than in the Mdnbhum peridotite.1

The nearest ally to the Mdnbhum specimens seems to be the rock described as

scvelile (mica-hornblende-picrite) from Caithness by Professor Judd. In this rock,

however, the pyroxenes which once existed have been completely changed to am-

phibole.3

Amongst the peridotites of the Cortlandt series near Peekskill, New York, the

late Prof. G. H. Williams described as hornblende-peridotite (cortlandtite) a type in

which, besides the essential constituents hornblende and olivine, there occur hy-

persthene, augite, biotite, felspar, spine llids and pyrrhotite in subordinate quantities.8

This rock, therefore, very nearly approaches the Mdnbhum peridotite, but the biotite

again appears to be far less prominent.

In 1892 Messrs. Dakyns and Teall described an enstatite-diallage-hornblende-

biotite-olivinc rock from amongst the plutonic intrusions near the head of Loch

Lomond in Scotland.* In this rock the small quantity of both biotite and olivine

remove it from the Mdnbhdm type.

The rock described in 1880 by Sir Archibald Geikie as a picritc from the Island

of Inchcolm, Firth of Forth, contains olivine and its serpentinous products, augite,

biotite, plagioclase and its secondary products, and iron-ores with, according to

Mr. Teall, hornblende and apatite. The hornblende, however, is variable and

sometimes absent, whilst the biotite occurs only as occasional long scales and

according to Mr. Teall is possibly of secondary origin.6

Other described peridotites contain subordinate quantities of brown mica, for

example, Pen-y-Carnisiog Anglesey (Bonney),8 Gipp's Land (Bonney),7 Pike

county, Arkansas (Branner and Brackett)8, Elliott county, Kentucky (Diller)*

Taberg, Sweden (Tornebohm),10 but in these cases there is an absence of the

pyroxene, or hornblende, or both. I know of no case, therefore, similar to that of

the Minbhtim peridotite.

II.— Mode of occurrence.

Specimens of this rock, labelled "hornblende rock" (No. 3'22), were collected

by the late Mr. Fedden in the season 1865-66 near the Ijri river, west of Bhurro

(Lat. 23" 37'N., Long. 86° 30' E.) in the Mdnbhdm district. It is associated with the

other crystalline rocks near Chypabad and Palkuree, and according to Mr. Fedden

1 Niuti Jahrb. fur Min., 1885, vol. I, p. 342.

■ Quart. Journ. Geol. Soc., vol. XLI (1885), P- 401, plate XIII, fig. 8

' Amer. Journ. Set.. 3rd ser., vol. XXXI (1880), p.|30.

♦ Quart. Journ. Geol. Soc., vol. XLVIII (1892), p. 112.

s Geikie, Trans. Roy. Soc. Ed., vol. XXIX (1880), pp. 506-508. Teall, Brit. Petro

graphy, 1888, pp. 94—96, and plate IV, fig. 2.

• Quart. Journ. Geol. Soc, vol. XXXVII (1881), p. 138.

7 Min. Mag., vol. VI (1884), p. 54.

8 Amer. Journ. Set., 3rd ser., vol. XXXVIII (1889), p. 50.

* Ibid., 3rd ser., vol. XXXII, (1886), p. 131, and Bull. V. S. Geol. Sun., No. 38, 1887.

*> Neues Jahrb. Min. (1882), vol. II, p. 66.
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can be traced westward through Futtoodeeto Bagoolah, where it forms a large mass.

Between Hotoopathar and Partand, 6 miles west-north-west, it is exposed in a mass

running north-west and cropping out at right angles to the mica-schists and

gneisses.1

III.^Petrologfcal characters.

The specimens exhibit in a striking manner the lustre-mottling which is so

characteristic of hornblende peridotites ; and in this case the structure is due to the

bright cleavage-faces of the hornblendes and the ophitically disposed scales of

biotite, which often determine the fracture of the rock. The specific gravity is>

3'234.

Under the microscope the following minerals are distinguished:—

Apatite.

Olivine.

Pyroxene (Hyper»thene and Augite).

Biotite.

Hornblende.

Magnetite.

Pyrite and Pyrrhotite.

Felspar.

Apatite occurs in sparsely distributed crystals measuring up to C25 mm.

in diameter. Rod-shaped cavities are arranged parallel to the vertical axis.

Olivine, colourless and without crystalline form, is included by all the other

minerals. A striking feature in this mineral is the separation of magnetite in

stellar and dendritic markings reaching sometimes o- 1 mm. long, like those de

scribed by Professor Judd in the olivines of a picrite from Halival, Isle of Rum.8

In the olivines of this rock also the branches of the dendrites frequently exhibit

rectilinear limits as if bounded by the edges of negative crystals in the olivines,

and these straight lines are always parallel to a direction of extinction ; they are

parallel, therefore, to one of the crystallographic axes. In sections cut at right

angles to these inclusions they appear as lines and rows of dots : on examining these

sections with a quartz wedge there is an appearance of thinning when the axis of

the wedge is placed parallel to the inclusions ; the inclusions therefore cannot lie

in the brachypinacoid.3 As only one set of inclusions is present they are presum

ably not parallel to the prism faces ; they are, therefore, either parallel to the

macropinacoid or the basal plane. Several sections approximately parallel to the

inclusions have been made, and these invariably give at least a partial interference

figure ; as the optic axial plane is parallel to the basal plane in olivines, it may be

concluded that the sections parallel to the inclusions are macropinacoidal.*

Irregular cracks traverse the olivines in all directions and sometimes cross the

1 Fedden, MS. report on parts of Manbhum and Hazaribagh, 1865 66.

' Quart. Journ. Ceol.Soc, vol. XLI (1885), p. 381, and plate XII, figs. 2-7.

• In olivine with positive double refraction (as shown by this mineral)—a— 4, 6— e

and t— a.

4 No crystallographic faces or trustworthy cleavage cracks being exhibited, this statement

has to be made without the confirmation desirable. Tabular inclusions parallel to the macro

pinacoid are curiously like the shapes of fayalite crystals.
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dendritic plates. These cracks are also filled with black material which is often

arranged in a dendritic fashion; but these lie in irregular positions, and the dendritic

growths are analogous to those of the well-known manganese-oxide infiltrations

in the joint-planes of rocks. There are other cavities irregular in shape and often

joined to one another by tortuous canals ; these are generally partially filled with

black stones.

The olivines in this rock show scarcely a trace of serpentinisation, and in this

respect present a striking contrast to those of the mica-peridothes in the adjacent

coal-fields. It is noteworthy also that in the latter rocks the dendritic products of

schillerization are quite wanting.

Pyroxenes.—When free of inclusions the hypersthene shows a distinct pleo-

chroism in thin sections (pale pink to almost colourless). The majority of the crystals

are schillerised, the plates lying, as in that from St. P*ul, parallel to a direction of

extinction. The colours between crossed Nicols are low. Polarisation-effects of a

distinctly higher order are exhibited by a colourless mineral occurring in granular

aggregates and less often as isolated crystals. In these crystals the rod-like inclu

sions crossing one another nearly at right angles are so numerous that a satisfactory

determination of the optical properties of the mineral could not be made. All extinc

tions from the directions of the inclusions, as well as from the cracks occasionally

presented, are oblique, and as the mineral is unaffected by hydrochloric acid, it has

been taken for colourless augite, which would not be remarkable in this association.

The crystals, too, are patched all over with green hornblende which has apparently

developed by paramorphism.

Hornblende occurs in two forms—a brown variety in crystals 40 mm. or

more in length and including all the other minerals in the rock except biotite, and

a green variety of later development, being the result of the paramorphism of

augite and occurring in isolated patches with the granular aggregates of this latter

mineral, as well as on the margins of, and in optical continuity with, the larger brown

hornblendes. The extinction-angle of the large crystals is noticeably wide, the

maximum measurement being 220. The quartz-wedge placed along the direction

of extinction in clinopinacoidal sections gives (with crossed Nicols arranged at

450 to the quartz-wedge) an appearance of thickening. Taking this direction as

the axis of optical elasticity c we have the pleochroism :—

£= deep brown.

8= very pale brown with a tinge of green ;

and from cross-sections showing the characteristic prismatic cleavage,

b = deep greenish brown.

Sections, therefore, parallel to h and a are not strikingly pleochroic. Minute

rod-like inclusions arranged parallel to the cleavage-cracks appear sparsely distribut

ed through the longitudinal sections. The green hornblende calls for no special

remark.

Biotite, by its cleavage, often determines the direction of fracture in

the rock. It is intergrown with hornblende, and apparently is of later development

than any of the other primary constituents. Basal plates show a very narrow

optic-axial angle, and in the same sections numbers of brown and black plates,

sometimes hexagonal in shape, are arranged parallel to the cleavage-plates. I

have not been able to discover that;these have any definite crystallographic disposal
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of their edges with reference to the percussion-figure. Associated with the plates

are fine hairs which are often arranged at angles of 6o° to one another. These are

generally referred to sagenitic rutile, but a careful chemical examination of a number

of flakes gave no reactions for titanium. Whether a portion or the whole of these

inclusions are primary or secondary cannot be decided by this specimen alone, but

the fact that distinct schillerization with definite crystallographic disposal of the

secondary products is exhibited by the other minerals in the rock, points to a

similar origin for the blemishes in the biotite.

Iron-ores.—The magnetite is almost wholly secondary, the olivines being some

times almost opaque from the separation of this mineral. Granules of pyrrhottte

and pyrt'/e measuring up to 5 mm. in diameter are sparsely scattered through the

rock. A test for metallic iron gave negative results.

Plagioclase occurs in ve^ small quantity apparently infilling cavities as if

of secondary origin. The crystals are clear, unschillerized and generally twinned.

Simultaneous extinction occurs in patches separated by distances of 2 mm. or more.

The extinction-angles agree with those of labradorite.

GEOLOGICAL SURVEY OF INDIA DEPARTMENT.

TRI-MONTHLY NOTES.

No. at.—Ending 31ST October 1894.

Director's Office, Calcutta, jisl October 1894.

The programme for the next field season (1894-95) has been arranged as

follows :—

Scientific

Central India.—Mr. R. D. Oldham, Superintendent.

Mr. P. N. Datta, Assistant Superintendent, and an Assistant Superintendent

about to be appointed by the Secretary of State.

Central Provinces.—Mr. P. N. Bose, Superintendent.

Madras.—'Mr. C. S. Middlemiss, Deputy Superintendent.

Burma.—Dr. Fritz Noetling, Palaeontologist.

Baluchistan.—Mr. F. H. Smith, Assistant Superintendent.
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Economic.

Sukkur Experimental Boring, and Economic Geology 0/ Baluchistan :—

Mr. T. D. La Touche, Superintendent.

Lala Hira Lai.

Madras and Burma.—Dr. H. Warth.

Chota Nagpore.—A specialist about to be appointed by the Secretary of State.

The Director and Mr. Holland will be at Headquarters during the coming

season.

Mr. Hughes, Superintendent, is still on sick leave ; Mr. Oldham re-joined his

appointment on the 17th instant from furlough, during which he had occasion

to visit the Galician oilfields with permission of the Secretary of State. Lala Kishen

Singh is on furlough and Lala Hira Lai on privilege leave, which he re-joined on

the 1 6th instant.

During the last three months most of the officers have been in recess-quarters

for the purpose of working up their maps and notes, and all have sent in their

progress reports for the last field-season.

Important work has been done and is still in progress in the Laboratory under

Mr. Holland, who is ably assisted by Mr. Blyth, the Museum Assistant. The

re-arrangement and cataloguing of the mineral and rock collection is a work of

paramount importance, and it is hoped will be completed during the coming

cold weather.

Dr. Noeiling was engaged for several months past in working out and describing

some important collections of fossils. The tertiary fossils of the Yenangyoung oil-

tract have been described and figured and will shortly appear as paitji of Vol. XXVI

of the Memoirs. A still more important suite of fossils, namely those collected by

the survey in Baluchistan, has been subjected to critical examination, and the ilrst

instalment of a new " series " of the Palaeontologia Indica will be published as

soon as the plates belonging to it are lithographed in the office. It will contain

the jurassic fossils of Baluchistan.

The overflow of the Gohna Lake.—It will be remembered that a landslip occur

red early in September 1893 and dammed up the Birahi Ganga which drained 90

square miles above Gohna. The locality was examined by Mr. Holland early in

March .894, when the lake was nearly 3 miles long with a maximum width of 1

mile. Mr. Holland's report described (1) the geographical and geological features

of the Birahi Ganga valley, (2) a description of the landslip and lake, and (3) a

discussion of the causes which led to the landslip.

With regard to the second point he predicted :—

(1) That the lake would be full and would overflow the barrier about

the middle of August,

(a) That the dam was strong enough to resist the pressure of the water

before overflow.

(3) That after overflow the lake would be reduced to One about 3J miles

long, and that this would remain permanent for some time.

(4) . That landslips would occur into the lake.

D
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The lake overflowed the dam early nn the morning of August 25th, the stream

flowing down the steep slope to the bed below Gohna. The erosion thus continued

until late at night when a channel having been cut back to the lip of the lake

a rapid recession of levels followed until the erosion was checked by reduction of

the slope and exposure of large blocks of dolomite, by removal of the fine detritus

forming the upper part of the dam. The lake left is about 3 miles long and over

300 feet deep, with, according to the latest accounts, every chance of being histori

cally permanent, although its gradual destruction by silting up of the basin and

gradual erosion of the dam will, geologically considered, happen at no distant

time. The landslips which have occurred into the lake have with the silt raised the

bottom nearly 100 feet. The dam is now quite firm and the outlet through the

gorge cut in its upper part is over a rocky bed with a slope of about 1 in 1 5.

In this gorge, cut through a portion of the first of the two main falls, there are

exposed, according to Lieutenant Crookshank, R.E., great bundles of strata

dipping towards the south at an angle of about 50s, which he regards as a striking

confirmation of Mr. Holland's conclusion with regard to the peculiar character of

the first slip in which Mr. Holland considered that the hill must have pitched

forward and not have slipped down in stream fashion after the manner of smaller

and more common landslips. (Records, vol. XXVII, page 59,)

List of Assays and Examinations made *'n the Laboratory, Geological

Survey of India, during the months of August, September, and

October 1894.

Substance. For whom. Rcsult.

1 Specimen of quartz,

with iron pyrites, from

Dongreea hill. Bhan-

dara Dist., C. P., for

Gold.

P. N. Datta, Geological

Survey of India.

Contains no Gold.

hi3 Specimens of manganese

ore (Brannite with psilo-

melon*), from the Central

Provinces.

P. N. Datta, Geological

Survey of India.

Is*

B Oi

*

1mileN.byE.ofKood-

mooravillage

Quantityreceived\lbs.

0
1002

Ok
io
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List of Assays and Examinations made in the Laboratory, Geological

Survey of India, during the months of August, September, and

October i8g4—continued.

Substance. For whom.

Dholahill,S.ofBeemasoor

Peak,Chicklah.
Quantityreceived/J01.

Result.

0
998

4T97

i .

1

°J

1 specimen from near

Goooa, Gwalior, for e»-

aurination.

Col. D. G. Pitcher, Direc

tor of Land Records,

Gwalior State.

Fibrous Calcite.

ll

Rocks from the Sone

Valley, Rewah State
P. N. Boss, Geological

Survey of India.
Tok Slide ,a»-

From the Sone, Ranipurwa, Ramnagar

RlOTITE-GNEISS WITH LEPTYNITE VEINS——

The hand-specimen shows black-mica gneiss

with bands of leptynite arranged paral

lel to the direction of foliation. Under

the microscope the structure is granulitic

to granitic. The minerals are -.— Quart'

in bands of granules with liquid-bearing

cavities in rows. Felspar, sometimes

showing lamellar twinning. The cen

tral portions of the crystals are prey or

brown by the abundance of kaoli-

nited products. The margins are clear

and appear sometimes to be of second

ary growth. Biotite in irregular highly

pleochroic bundles o ■» greenish-yel

low ; /3 and y = dark-green with al

most complete absorption. Seldom

fringed with chlorite. Colourless mica

occurs in very small quantity. Apatite
I in sparse stumpy crystals. Iron-ores

occur very rarely. Epidote is deve

loped in large quantities.

, Slide 1100.
1051' »

From the Sone at Rampurwa, Ramnagar
iTashil.
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List of Assays and Examinations made in the Laboratory, Geological

Survey of India, during the months of August, September, and

October 1894—continued.

Substance. For whom. Result.

Aphanite—
Occurs in contact with gneissose granite.

The section under the microscope appear*

like a net-work ot finely, granular

green hornblende enclosing almost

colourless unfit*, plagioclase felspar

and possibly quart*. Granular iron-

ores appear to be a product of the

change of the augite.

Aphanite—

Occu rs penetrating granite.

The rock is composed almost entirely of

actinolitic hornblende and decomposed

felspar, with mesh-like patches of iron-

ores. By parallel arrangement of the
fibres the actinolite sometimes shows

simultaneous extinction over consider

able areas. Originally the! rock was

probably an augite-plagioclase rock.

Quartz-Aphanitb, intrusive in the tran

sitions.

Differs from the last only in the introduc

tion of quarto and in the numerous

needles of apatite.

Decomposed amygdaloidal andisith, in-

terbedded in the Bijawars.

The cavities arranged in parallel bands

have been infilled with calcite and

chlorite. Under the microscope, there

is a ground -mass of felted microlites

of two minerals, which, from their dif

ferent double refractions, appear to be

hornblende andfelspar. Opaque white

patches scattered through the ground-

mass could not be determined. Well-

shaped and sometimes twinned crystals

of epidote form the most striking feature

in the sections.

)%, Slide 1306.
BlOTITE-GNEISS WITH LEPTYNITB VEINS

like No, tiro, s''^e 1 299t ' rom tne Sone,

Rampurwa, Rewah State.

tJ, Slide 1305.

Amphibolite—
Satnara, south-east of Sidi, Sahaol Tahsil.

Dark-green tough rock with bright pheno-

crysts of hornblende measuring up to

5 mm. long. Ragged masses of magne

tite in fair quantity are made out under

the microscope, but the large crystals of

hornblende make up the principal mass
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List of Assays and Examinations made in the Laboratory, Geological

Survey of India, during the months of August, September, and

October 18^4- concluded.

Substance. For whom. Result.

of the rock. These are imbedded in a

fine-grained matrix of green hornblende

and microcrystalline aggregate of

quart* andfelspar in small quantities.

«, Slide 1307.

Mica-Syenite. Harbora, Sahaol Tahsil.

Pink felspar and small quantities of

quart* with dark-green hornblende and

chlorite are easily seen with the naked

eye. Under the microscope the iollow-

ing minerals are distinguished :—

Apatite, dark-green hornblende, biotit*

almost completely changed to chlorite,

felspar principally orthoclase, sometimes

plagioclase always kaolinised,and quart*

in small quantities showing a feeble

attempt at micrographic intergrowth

with the felspar.

IS, Slide 1304.

Euritk (devitrified rhyolito approach

ing syenite-felsite).

Ponn, east of Kua, Ramnagar Tahsil.

The hand specimen is compact, has a

conchoidal fracture and grey colour

like many eurites. Phenocrysts of

felspar are more common than those

of quart* which occur in small granules.

Some of the felspar is plagioclase.

The matrix is microcrystallino and

shows fiuidal structure.

Notifications issued by the Geological Survey of India during the

months of August, September, and October 1894, published in the

"Gazette of India," Part II.—Leave.

1 epartment.
No. of order and

date.
Name of officer.

Nature of

leave.

With effect

from

Date of

return.
Remarks.

Geological Sur

vey Depart

ment.

2047, dated 21st

September 1894.

Dr. H. Warth,

Deputy Super-

intendent,

Geological Sur

vey oflndia.

Privilege. 23rd Sep

tember

1894.

...
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Annual increments to graded officers sanctioned by the Government of

India during August, September, and October 18gj.

Name of officer. From To
With effect

from

No. and date of

sanction.
Remark s.

S J?

44oF. H. Smith, Assistant

Superintendent, Geo

logical Survey of India.

410 1st August

1894.

Revenue and Agri

cultural Depart

ment No.^y, Sur

veys, dated 30th

August 1894.

T. H. D. LaTouche,

Superintendent, Geolo

gical Survey of India.

800 850 1st April

1893.

Do. No.VW. Surveys,

dated 4th October

1894.

Ditto 850 ! 900 1st April

1894.

Ditto

P. N. Bose, Officiating

Superintendent, Geolo

gical Survey of India.

9JO 1,000 Do Do. No.\tL», Sur

veys, dated 4'h

October 1894.
k

Notifications issued by the Government of India during the months of

August, September, and October 1894, published in the "Gazette of

India," Part I.—Appointment, Confirmation, Promotion, Reversion

and Retirement.

 

Department.
No. of order

and date.

Name of

officer.
From To

Nat, re of

appoint

ment, etc.

With effect

from

Revenue and

Agricultural

Department.

340! r. T. H. D. La

Touche.

Officiating

Supe r i n-

tendent.

Geological

Survey of

India.

Assistant

Supe r i n-

tendent,

Geological

Survey of

India.

Superin

tendent ,

Geologi

cal Sur

vey of

India.

Deputy

Superin

tendent,

Geologi

cal Sur

vey of

India.

Superin

tendent,

Geologi

cal Sur

vey of

India.

Substantive,

permanent.

17th July

1894.
-^-.Surveys,

dated 2 1st

Au gust

1894.

Ditto .

Ditto .

Do. T. H. Hol

land.
Ditto

Officiating.

Ditto

Ditto

im

mi^.Surveys,
P. N. Bose, Deputy

Supe r i n-

tcndent,

Geological

Survey of

India.

dated nth

October

1894.

Ditto • Do. C. S. Middle-

miss.

Ditto Ditto . Ditto . Ditto . ...

Ditto . Do. P.N.Datta. Assistant

Supe r i n-

tendent,

Geological

Survey of

India.

Deputy

Superin

tendent,

Geologi

cal Sur

vey of

India.

Ditto Ditto
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Postal and Telegraphic addresses of Officers.

Name of Officer. Postal address. Nearest Telegraph Office.

T. W. H. Hughes . On furlough . ...

Rewa .... Rewa.

T. H. D. LaTouche .... Sukkur . Sukkur.

Raipur .... Raipur.

C. S. MlDOUMIM .... Ootacamund Ootacamund.

On privilege leave ...

Calcutta .... Calcutta.

P. N. Datta Rewa .... Rewa.

W. B. D. Edwabds .... On furlough . •••

Quetta .... Quetta.

Calcutta .... Calcutta.

Sukkur .... Sukkur.

On furlough ...
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DONATIONS TO THE MUSEUM.

From ist November 1893 to 31ST January 1894.

A small specimen of quartz, from the Elephant Rocks, Shevaroy Hills, Salem District,

Madras. •

Presented by the District Forest Officer, Salem.

A block of steatite, from the Marble Rocks, Jubbulpore; and another from Kanheri

Village, Bhandara District, Central Provinces.

Presented by the Officiating Reporter, Economic Products to the

Government of India.

Hercynite, in small fragments, from Chinnamalai, Erode Taluk, Coimbatore District.

Presented by H. Warth, Officiating Superintendent, Government

Central Musbum, Madras,

A cut specimen of fine-grained sandy shale, and two of fine-grained sandstones, from

Indrajurba, near the Damuda River, Hazaribagh District.

Presented by N. Belletty.

Two large pieces of Columbite ; a large block showing junction of very coarse mica

granite wilh mica schist ; and decomposed iron ore, from the Dattoo Mines, Panna-

nore Hill, Nawadih, East Indian Railway.

Presented by H. H. French.

A specimen of quartz, with iron pyrites and gold, from the " Rees Reef," Pahardiah,

Chota Nagpore.

Presented by T. F. Vernbr.

Large specimens of Pumice, from Cardamum Island, Laccadives.

Presented by Surgeon-Captain A. W. Alcock, M.B.

ADDITIONS TO THE LIBRARY.

From ist October to 3IST December 1893.

Titles of Books. Donors.

Aouilera, Jose G., and Ordonez, Ezequiel —Datos para la Geologia de Mexico.

8° Pam. Tacubaya, 1893. The Authors.

Blackenhorn, Dr. Max.—Beitiage zur Geologie Syriens die Entwickelung des

Kreidesystems in Mittel-und Nord-Syrien. 40 Cassel, 1890.

Boyd, R. N.—Coal Pits and Pitmen. 8° London, 1892.

Bronn's Klassen und Ordnungen des Thier-Reichs. Band III, lief. 3-6 and Supple

ment lief. 1 ; Band VI, Abth. IV, lief. 46-49, and Abth. V, lief. 40-41.

8° Leipzig, 1893.

Casariego, D. Enrique Abella Y.— Descripcion Fisica, Geologica y minera en

Bosquejo de la Isla de Panay. 8° Manila, 1890. The Author.

Cooke, Josuih A—Elements of Chemical Physics. 8° London, 1886.

Cotteau, Peron and Gauthier.—Echinides Fossiles de L'Algerie. Fasc, 6-9

4° Paris, 1880- 1883.

Dall, William Healey.—Republication of Conrad's Fossils of the Medial Tertiary

of the United States. 8° Philadelphia, 1893.

1
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Titles of Books. Donors.

Dana, J. D.—The System of Mineralogy. 6th Edition. 8° London, 1892.

Daubrbe, A.—Application de la Methode experimentale au Role Possible des Gaz

Souterrains dans L' Histoire des Montagnes Volcaniques. 8° Pam.

Paris, 1892.

Ethbridob, Robt.—Fossils of the 'British Islands. Vol. I. Palaeozoic. 40 Oxford

1888.

Gardner, J. S. — Iron work from the earliest times to the end of the Medixval period

s'5 London, 1893.

G f.ik is, James-—Fragments of Earth Lore. 8° Edinburgh, 1893.

Geikib, Sir Archibald.—Text Book of Geology. 3rd Edition. 8° London, 1893.

Hoernes, Dr. Rudolf.—Erdbebenkunde. 8° Leipzig, 1893.

Kavser, Dr. Emanuel.— Lehrbuch der Geologic Part 2. 8° Stuttgart, 1R93.

Lcewinson—Lbssing, F.—Tables for the determination of the Rock Forming Minerals.

8° London, 1893.

Lunge, Georgt.—A Theoretical and Practical Treatise on the Manufacture of Sulphu

ric Acid and Alkali, with the Collateral Branches. Vols. I-III.

8° London, 1891.

Martin, K.—Bericht uber Eine Reise Nach Niederlandisch West-Indien und Darauf

Gegrundete Studien. Vols. I & II. 8° Leiden, 1887-1888.

„ Niederlcendische und Nordwestdeutsche Sedimentcergeschiebe Ihre Ue-

bereinstimmung Gemeins-chaftliche Herkunft und Petrefacten. 8°

Leiden, 1878.

Milne, John.—Earthquakes and other Earth Movements. 3rd Edition. 8° London,

1893-

Murray, J. A. H.—A new English Dictionary on historical principles. Part VII.

40 Oxford, 1893.

Musbhketofp, W.—A Geological and Orographical description of Turkestan. 8°

St. Petersburg, 1886.

Peters, E.D —Modern American Methods of Copper Smelting. 5th Edition. 8° New

York, 1892.

Philippson, Dr. A.—Der Peloponnes. Abth. I & II. 8° Berlin, 1891-1892.

Posewitz, Dr. Theodor.—Borneo. 8° Berlin, 1889.

Reyer, Dr. Theoretische Geologic 8° Stuttgart, 1 888.

Romanofsky.—Notes on the Geology of Turkestan. Vols. II & III. 40 St. Petersburg,

1884 & 1890.

Sawyer, A. R.— Miscellaneous Accidents in Mines. 8° Lcndon, 1889.

Scott, Alexander.—An Introduction to Chemical Theory, 8° London, 1886.

Thorpe, T. E.—fi Dictionary of Applied Chemistry. Vol. III. 8° London, 1893.

Williams, W. M.—'I he Chemistry of Iron and Steel-making and their practical uses.

8° London, 1890.

Zittel, Karl A.—Handbuch der Palaeontologie. Band IV, Abth. I, lief. 2. 8° Miinchen,

1893.

PERIODICALS, SERIALS, Etc.

American Geologist. Vol. XI, Nos 4-6, and XII, Nos. 1-2. 8° Minneapolis, 1893.

American Journal of Science. Vol. XLVI, Nos. 273-275. 8° New Haven, 1893.

American Naturalist. Vol. XXVII, Nos. 320-322. 8° Philadelphia, 1893.

Annalen der Physik und Chemie, Neue Folgc, Band L, heft. 2.3. 8° Leipzig, 1893-

2
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Txtles of Books Donors.

Annales de Geologie et de Paleontologie. 40 Falerme, 1893.

Annals and Magazine of Natural History. Vol XII, Nos. 70-72. 8° London, 1893.

Athenaeum. Nos. 3438-3450. 40 London, 1893.

Beiblatter zu den Annalen der Physik und.Chemie. Band XVII, Nos. 8-10. 8° Leipzig.

1893.

Chemical News. Vol. LXVIII, Nos. 1764-1776. 4° London, 1893.

Colliery Guardian. Vol. LXVI, Nos. 1 707-1719. Fol. London, 1893.

Geological Magazine. New Series, Decade 111., Vol. X, Nos. 9-12. 8° London, 1893.

Indian Engineering. Vol. XIV, Nos. 13-26. Flsc, Calcutta, 1893. Pat. Doyle-

Industries and Iron. Vol. XV, Nos. 1079-1091. 40 London, 1893.

Journal of Geology. Vol. I, Nos. 1-4. 8° Chicago, 1893.

London, Edinburgh and Dublin Philosophical Magazine and Journal of Science. Vol.

XXXVI, Nos. 221.223. 8° London, 1893,

Mining Journal. Vol. LXIII, Nos. 3029-3041. Fol. London, 1893.

Natural Science. Vol. II, No. 15 to III, No. 19. 8° London, 1893.

Nature. Vol. XLVIII, JVo. 1246 to XLIX, No. 1258. 40 London, 1893.

Neues Jahrbuch fur Mineralogie, Geologie und Palaeontologie. Band II, heft 2-3. 8°

Stuttgart, 1893.

Oil and Colourman's Journal. Vol. XIV, Nos, 158-160. 40 London, 1893.

Petermann's Geographischer Mittheilungen. Band XXXIX, Nos. 9-1 1. 40 Gotha,

1893. The Editor.

Scientific American. Vol. LXIX, Nos. 10-22. Fol. New York, 1893.

Scientific American. Supplement. Vol. XXXVI, Nos. 922-934. Fol. New York, 1893.

The Indian Engineer, Vol. XVII, No. 337 to XVIII, No. 350. 40 Calcutta, 1893.

J. MacIntyrb.

The Pioneer. New Series, 1st Edition, October to December 1893. Fol. Allahabad,

1893.

Zeitschrift fur Krystallographie und Minerologie. By P. Groth. BandyXXII, heft. 3-3.

8° Leipzig, 1893.

GOVERNMENT SELECTIONS, REPORTS, Etc.

Bengal.—Report on the Agriculture of the District of Cuttack. Flsc. Calcutta, 1893.

Bengal Government.

Bombay.—Brief Sketch of the Meteorology of the Bombay Presidency for 1893-93.

Flsc. Bombay, 1893.

Meteorological Reporter to Bombay Government.

„ ^Selections from the Records of the Bombay Government. New Series, Nos.

271-272. Flsc. Bombay, 1893. Bombay Government.

India.—Census of India, 1891. Report on the Census of Coorg, and Vols. XIII—XV

containing Report on the Census of Madras, with Tables. Flsc. Calcutta, 1893.

Revenue and Agricultural Department.

„ History of Services of Officers holding gazetted appointments in the Home,

Foreign, Revenue and Agricultural, and Legislative Departments,

corrected to 1st July 1893. 8° Calcutta, 1893.

Government of India.
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Titles of Books. Donors.

India.—List of Officers in the Survey and other Scientific and Minor Departments sub

ordinate to the Government of India in fhe Revenue and Agricultural

Department, corrected to 1st July 1893. 8° Calcutta, 1893.

Government of India.

„ Quarterly Indian Army List. New Series, No. 17. 8° Calcutta, 1893.

Government of India.

,, Selections from the Records of the Government of India, Foreign Department.

Nos. 27, 30, 39, 63, 79, and 104; 301 and 303—304. 8° Flsc. Cal

cutta, 1859, 1861, 1863, 1870, 1873, and 1893.

Government of India.

„ Selections from the Records of the Government of India, Public Works Depart

ment. Nos. 251—253, and 264. Flsc. Calcutta, 1889- 1890.

Government of India.

„_ Indian Meteorological Memoirs. Vol. IV, part 8, and V, pt. 3. 40 Calcutta,

1893.

Meteorological Reporter to Government of India.

„ Monthly Weather Review for May to July 1893. 40 Calcutta, 1893.

Meteorological Reporter to Government of India.

„ Register of Original Observations, reduced and corrected, May to July 1893.

4° Calcutta, 1893.

Meteorological Reporter to Government of India.

TRANSACTIONS, PROCEEDINGS, ETC., OF SOCIETIES, SURVEYS, ETC.

Batavia.—Dagh-Register gehonden int Easteel Batavia vant passerende daer ter

plaetse als over geheel Nederlandts-India, Anno 1664. Van J. A.

Van Der Chijs. S° Batavia, 1893. Batavian Society.

„ Notulen van het Bataviaasch Genootschap van Kunsten en Wetenschappen.

Deel XXXI, Afl. 2. 8" Batavia, 1893. Batavian Society.

„ Tijdschrift voor Indische Taal—Land-en ^Volkerikunde. Deel XXXVI, Afl.

6. 8° Batavia, 1893. Batavian Society.

Berlin.—Jahrbuch der Koniglich Preussischen Geologischen Landesanstalt und Berga-

kademie zu Berlin fur 1891. Band XII. 8° Berlin, 1893.

The Institute.

„ • Sitzungsberichte der Koniglich Preussischen Akademie der Wissenschaften

zu Berlin. Nos. 1—24. 8° Berlin, 1893. The Academy.

„ Verhandlungen der Gesellschaft fur Erdkunde zu Berlin. Band I—XIX, and

XX, Nos. 1-7. 8° Berlin, 1875—1893.

» Zeitschrift der Deutschen Geologischen Gesellschaft. Band XLV, heft. 2. 8°

Berlin, 1893. German Geological Society.

Bombay.—Journal of the Bombay Natural History Society. Vol. VIII, No. 2. 8°

Bombay, 1893. The Society.

Boston.—Proceedings of the American Academy of Arts and Sciences. New Series,

Vol. XIX. 8° Boston, 1893. The Academy.

Brisbane.—Proceedings and Transactions of the Queensland Branch of the Royal Geo

graphical Society of Australasia. Vol. VIII. 8° Brisbane, 1893.

Th2 Society.

4
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Titles of Books. Donors.

Brisbane.—Proceedings of the Royal Society of Queensland. Vol. IX. 8C Brisbane,

1893. The Society.

Brussels.—Bulletin de la Soci^td Royale Beige de Geographic Annee" XVII, Nos.

1-3. 8° Bruxelles, 1893. The Society.

„ Annales de la Soc'idte1 Royale Malacologique de Belgique. Tome XV, fasc.

11, and Tome XXVI. 8° Bruxelles, 1893. The Society.

„ Proces-Verbaux des Stances de la Socidte Royale Malacologique de Bel

gique. Tome XX, pages 57-112, and XXI, pages 1-66. 8° Bruxelles,

1891-1892. The Society.

Budapest.— Geologische Mittheilungen Zeitschrift der Ungarischen Geologischen

Gesellschaft. Band XXII, Nos. 1-10. 8° Budapest, 1892.

Hungarian Geological Institute.

„ Jahresbericht der Koniglich Ungar. Geologischen Anstalt fur 1890. 8"

Budapest, 1892. Hungarian Geological Institute.

„ Mittheilungen aus dem Jahrbuche der Koniglich Ungarischen Anstalt.

Band X, heft. l-». 8° Budapest, 1893.

Hungarian Geological Institute.

Caen.— Bulletin de la Soci&e' Linne'enne de Normandie. 4th Series, Vol. VII, fasc. 1-2.

8° Caen, 1893, Thb Society.

Calcutta.—Journal of the Asiatic Society of Bengal. New Series, Vol. LXII, Part I,

No. 3, and Part II, No. 3. 8° Calcutta, 1893. The Society.

,, Proceedings of the Asiatic Society of Bengal. Nos. 8—9. 8° Calcutta,

1893. The Society.

„ Proceedings and Journal of the Agricultural and Horticultural Society of

India for July to September 1893. 8° Calcutta, 1893.

The Society.

„ Survey of India Department Notes for September and October 1893.

Flsc. Calcutta, 1893. Survey of India Department.

Cambridge, Mass.—Bulletin of the Museum of Comparative Zoology. Vol. XVI,

No. 14; XXIV, No. 7; and XXV, No. 1. 8° Cambridge, Mass,

1893. The Museum,

„ Memoirs of the Museum of Comparative Zoology. Vol. XIV,

No. 3. 40 Cambridge, Mass, 1893. Thb Museum.

n Memoirs of the American Academy of Arts and Sciences. Vol.

XII, No. 1. 8° Cambridge, Mass, 1893. The Academy.

Cassel.— Bericht des Vereins fur Naturkunde zu Kassel. No. 38. 8° Kassel, 1892.

The Society.

Cincinnati.—Journal of the Cincinnati Society of Natural History. Vol. XV, Nos. 3-4,

and XVI, No. 1. 8° Cincinnati, 1893. The Society.

Dijon.—M6moires de L'Academie des Sciences, Arts, et Belles-Letlres de Dijon

4th Series, Tome, III. 8° Dijon, 1892. The Academy.

Dresden.—Sitzungsberichte und Abhandlungen der Naturwissenschaftlichen Ge-

sellschaft Isis in Dresden. Jahrg, 1893. January to June. 8°

Dresden, 1893. Isis Society.

Dublin.—Proceedings of the Royal Irish Academy, 3rd Series, Vol. II, Nos. 4-5. 8°

Dublin, 1893. The Academy.
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Titles of Books. Donors.

Dublin.—Report of the Director of the Science and Art Museum, Dublin, on the

Museum of the Royal Botanic Gardtns and Metropolitan School of

Art for 1892. 8° Dublin, 1893. The Museum.

„ The Mineralogical, Geological and Palseontological collections in the

Science and Art Museum, Dublin. 8° Dublin, 1893.

The Museum.

Edinburgh.—Scottish Geographical Magazine. Vol. IX, Nos. 9— II. 8° Edinburgh,

1893. Scottish Geographical Society.

„ Transactions of the Edinburgh Geological Society. Vol. VI, pt. 5. 8°

Edinburgh, 1893. The Society.

G6ttingen.—Nachrichten von der Koiniglichen Gesellschaft der Wissenchaften.

Nos. 11—14. 8° Gottingen, 1893. The Society.

Hallb.—Abhandlungen der Naturforschenden Gesellschaft xu Halle. Band XVII,

heft. 3-4, and XVIII, heft. 1. 8° Halle, 1893. The Society.

„ Bericht uber die Sitzungen der Naturforschenden Gesellschaft zu Halle in den

Jahre, 1888-1891. 8° Halle, 1893. Thb Society.

Hamilton.—Journal and Proceedings of the Hamilton Association for Session 1892-93,

No. IX. 8° Hamilton, 1893. The Association.

Lausannb.—Bulletin de la SocitSte' Vaudoise des Sciences Naturelles. 3°" serie,, Vol.

XXIX, Nos. iio-iii. 8° Lausanne, 1893. TheSociety.

Leipzig.—Berichte der Naturforschenden Gesellschaft. Band VII, heft, 1-2. 8'

Leipzig, 1893 The Socibty.

Liege.—Annales de la Societe" Geologique de Belgique. Tome XIX, livr. 3, and XX

livr. 1. 8° Liege, 1893. The Society.

London.—Journal of the Chemical Society. Nos. 370 and 372. 8° London, 1893.

„ Journal of the Iron and Steel Institute. Vol. XLIII, No. 1, and List of Mem

bers for 1893. 8° London, 1893. The Institute.

„ Journal of the Linnean Society. Zoology, Vol. XXIV, Nos. 152-154, and

Botany, XXIX, Nos. 202—204. With List of Fellows for 1892-93.

8* London, 1893. The Society

„ Transactions of the Linnean Society of London. 2nd Series, Botany, Vol. III.

part 8, and Zoology, Vol. V, parts 8-10. With List of Fellows for

1892-93. 40 London, 1893. The Society.

„ Journal of the Society of Arts. Vol. XL1, No. 2129 to Vol. XLII, No.

2142. 8° London, 1893. The Society.

„ Mineralogical Magazine and Journal of the Mineralogical Society. Vol. X,

No. 46. 8° London, 1S93.

„ Philosophical Transactions of the Royal Society of London. Vol. 183, A

and B. With List of Fellows. 4° London, 1893. The Society*

„ Proceedings of the Royal Society, London. Vol. LI I, Nos. 320—325. 8

London, 1893. TheSociety.

, Quarterly Journal of the Geological Society. Vol. XLIX, No 196, and

List of Fellows on 1st November 1893. 8° London, 1893.

The Society.

„ Supplementary Papers of the Royal Geographical Society of London.

Vols. I, II, 111, pts. 1-4, and IV. 8° London, 1886, 1889, 1890, 1892

and 1893. The Society "
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Titles of Books. ... ■ Donors.

London.—The Geographical Journal. Vol. II, Nos. 3—5. 8° London, 1893.

Royal Geographical Society.

„ Proceedings of the Zoological Society of London. Parts 2-3. 3° London,

1893. The Society.

„ Transactions of the Zoological Society of London. Vol. XIII, No. 7.

4° London, 1893. The Society.

Lyon.— Archives du Museum d'Histoire Naturelle de Lyon. Tome V. 8" Lyon,

1893. The Museum.

Madrid.—Boletin de la Sociedad Geografica de Madrid. Tome XXXV, Nos. 1—3.

8°|Madrid, 1893. The Society.

Manchester.—Memoirs and Proceedings of the Manchester Literary and Philosophi

cal Society. 4th Series, Vol. VII, Nos. 2—3. 8° Manchester, 1893.

The Society.

„ Transactions of the Manchester Geological Society. Vol. XXII,

part 12. 8° Manchester, 1893. The Society.

Melbourne.—Special Reports of the Department of Mines, Victoria, being Notes on

samples of rock collected in the 180 Mines at Bendigo. Flsc. Melbourne,

1893. Department op Mines, Victoria.

„ Special Reports of the Department of Mines, Victoria, on the Victorian

Coal-Fields. Flsc. Melbourne, 1893.

Department of Mines, Victoria.

Naples.—A tti della Reale Accademia delle Scienze Fisiche e Matematiche. 2a

se"rie, Vol. V. 40 Naples, 1893. The Academy.

,, Rendiconto dell' Accademia delle Scienze Fisiche e Matematiche. 2a seYie,

Vol. VII, fasc. 6—7. 40 Napoli, 1893. The Academy.

Newcastle-upon-Tyne. —Transactions i f the North of England Institute of Mining

and Mechanical Engineers. Vol. XLII, parts 2-3. 8° Newcastle-upon-

Tyne, 1&93. The Institute.

New York.—Annals of the New York Academy of Sciences. Vol. VII, Nos. 1—5.

b° New York, 1893. The Academy.

Ottawa.—Geological Survey of Canada. Catalogue of a stratigraphical collection of

Canadian Rocks prepared for the Columbian exposition, Chicago,

1893. 8° Ottawa, 1893. The Survey.

M Geological Survey of Canada. Catalogue of Section one of the Museum

of Geological Survey. 8° Ottawa, 1893. The Survey.

„ Proceedings and Transactions of the Royal Society of Canada for the year

1892. Vol. X. 4° Ottawa, 1 S93. The Society.

Oxford —Catalogue of Books added to the Radcliffe Library, Oxford University

Museum, during 1892. 8° Pam. Oxford, 1893. The Museum-

Paris.—Annates des Mines. 9°" serie, Tome III, livr. 4—8. 8° Paris, 1893.

Department of Mines, Paris.

„ Bulletin de la Soci^te- de Geographic 3°" serie, Tome XX, Nos. 5-7, and

XXI, No. 1 : and 7" serie, Tome XIV, Nos. 1-2. 8° Paris, 1893.

The Society.

„ Comptes Rendus des Seances de la Socidte" de Geographic Nos. 14-15. 8°

_ Paris, 1893. 1 HB Society.
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Paris.—Memoires de la Soci&e" Geologique de France. Tome III, fasc. 4. 40 Paris,

1893. The Society.

Philadelphia.—Journal of the Franklin Institute. Vol. CXXXVI, Nos. 3—5. 8°

Philadelphia, 1893. The Institute.

„ Proceedings of the Academy of Natural Sciences. Part III (1892)

and Part 1 (1893). 8° Philadelphia, 1893. The Ac* demy.

„ Proceedings of the American Philosophical Society. Vol. XXX,

No. 139 to XXXI, No. 141. 8° Philadelphia, 1893.

The Society.

„ Transactions of the American Philosophical Society. New Series,

Vol. XVII, part 3, and XVIII, part ». 8° Philadelphia, 1893.

The Society.

„ Transactions of the Wagner Free Institute of Science. Vol. Ill,

part 2. 8° Philadelphia, 1893. The Institute.

Rome,—Atti della Reale Accademia dei Lincei Rendiconti. Serie V, Semestre II,

Vol. II, fasc. 4—9. 8° Roma, 1893. The Academy.

Salem, Mass. — Proceedings of the American Association for the advancement of Science.

Vol. XLI. 8° Salem, Mass, 1893. The Association.

San Francisco.—Occasional Papers of the California Academy of Sciences. Vol. III.

8° San Francisco, 1893. The Academy.

St. Petersburg.— Bulletins du Comite Geologique. Vol. XI, Nos, 9-10, and XII,

Nos. 1—2. 8° St. Petersbourg, 1893. The Commission.

„ Memoires du Comite Geologique. Vol. IV, No. 3, IX, No. 2, and X,

No. 2. 4° St. Petersbourg, 1 893. The Commission.

Sydney.—Records of the Australian Museum. Vol. II, No. 5. 8° Sydney, 1893.

The Museum.

Taipino.—Perak Museum Notes. No. II, Alluvial Tin Prospecting. 8° Taiping, 1893.

Perak. Government.

Tokio.—Mittheilungen der Deutschen Gesellschaft fur Natur und Volkerkunde

Ostasiens in Tokio. Band VI, heft. 52. 40 Tokio, 1893.

The Society.

Turin.— Atti della R. Accademia delle Scienze di Torino. Vol. XXVIII, disp. 4—8. 8°

Torino, 1893. The Academy.

Venice.—Memorie del Reale Istituto Veneto dj Scienze, Lettere ed Arti. Vol. XXIV.

4° Venezia, 1891. The Institute.

Vienna.—Jahrbuch der Kais. Konig. Geologischen Reichsanstalt. Band XLI I, heft.

2—4. 8° Wien, 1892-1893. The Institute.

„ Sitzungsberichte der Kais. Akademie der Wissenschaften.

Band C, Abth. I, heft. 8—10.

II u Ha, i. S—10.

M 1* lib, ,, 8—10.

II II III, >, 8—io.

II CI, H I. ,1 1—6.

II II II 11a, »» i-5.

II II II lib, n 1—5.

»l IJ »l I", II 1-5-

8* Wien, 1892. The Academy
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Titles of Books. Donors.

Vienna.—Verhandlungen der K. K. Geologischen Reichsanstalt. Nos. 6—10. 8*

Wien. 1893. The Institutb.

Washington.—Annual Report of the Board of Regents of the Smithsonian Institution

for the year ending 30th June 1890. 8° Washington, i8gi.

Thb Institutb.

„ Bulletin of the U. S. Department of Agriculture. No. 4. 8° Wash

ington, 1893. U. S. Department op Agriculture.

„ Department of the Interior. U. S. Geological Survey. Mineral Re

sources of the United States for the Calendar Year 1891. 8° Wash

ington, 1893. U. S. Geological Survey.

„ Monographs of the U. S. Geological Survey. Vols. XVII, XVIII,

and XX. 4° Washington, 1892. U. S. Geological Survby.

„ Proceedings of the U. S. National Museum. Vol. XIV. 8° Washing

ton, 1892. The Museum.

„ Smithsonian Contributions to knowledge. On the application of inter

ference methods to Spectroscopic Measurements. 40 Washington.

1892. Thr Institute.

H Smithsonian Miscellaneous Collections. Smithsonian Meteorological

Tables. 8° Washington, 1893.- The Institutb.

Zurich.—Vierteljahrschrift der Naturforschenden Gesellschaft. Jahrg. XXXVIII,

heft. 2. 8° Zurich, 1893. The Society-

MAPS.

London.—The Universal Atlas. Fol. London, 1893.

Paris.—Carte Geologique detaillee de France. Sheet, No. 13. Map. Paris, 1893.

Geological Survey op France.

Stdney.—Geological Map of New South Wales. Map. Sydney, 1893.

Department of Mines, New South Wales.

O. I. C, P. O.—0. 3' D. G. Sarrer.—ii-j-94.—
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PART 2.] Donations to the Museum.

DONATIONS TO THE MUSEUM.

From ist February to 30TH April 1894.

A specimen 61 galena, with quartz and iron pyrites, from Maingays Island, Mergui

Archipelago.

Presented by Lieut. E. J. Beaumont, R.I.M., Calcutta.

A large specimen of quartz, with iron pyrites and gold, from No. 3 shaft, Anundpur,

Singbhoom, Chota Nagpore.

Presented by V. L. Rbes (J. Mackillican & Co., Agents, Oriental

Prospecting Syndicate, Ld., Calcutta).

Five specimens of quartz with iron pyrites and gold, from Chonkpazat Mine, Mawnaing

Township, Katha District, Upper Burma.

Presented by C. M. P. Wright, Wuntho, Upper Burma.

ADDITIONS TO THE LIBRARY.

From ist January to 31ST March 1894.

Titles of Books. Donors.

Beck, Dr. Ludwig.—Die Geschichte des Eisens. Abth, I. auflage 2, lief. I—6, and

Abth. II, lief. 1. 8° Braunschweig, 1892-1893.

Bronn, Dr. H. G.—Klassen und Ordnungen des Thier-Reichs. Band III, lief. 7—9;

IV, lief. 31.32; and V, abth. II, lief. 35—40. 8° Leipzig, 1893-1894.

Cassino, Samuel E.—'Ihe Scientists' International Directory, 1894. 8° Boston, 1894.

Collins, A.L.—The Ghorband Lead-Mines, Afghanistan. 8°. Pam., London, 1893.

The Author.

Ditte, Alfred.—Lecons sur les Metaux. Supplement to Fasc. I, and Fasc. 2. 40 Paris

1891 and 1893.

Doelter, Dr. C.—Allgemeine Chemisette Mineralogie. 8° Leipzig, 1890.

Harnisch, A.—Afghanistan in seiner Bedeutung fur den VSlkerverkehr. 8° Pam.,

Weimar, 1891.

Helmert, F. R.—Die Schwerkraft im Hochgebirge Insbesondere in den Tyroler Alpen

in Geodatischer und Geologischer Beziehung. 40 Pam., Berlin, 1890.

Hilgard, E. W.—A report on the relations of soil to climate. 8° Pam., Washington,

1892.

Jannetaz, Ed. ; Fontenay,E., and Vanderheym, Em:—Le Diamant et pierres pr6cieuses,

2nd Edition. 8° Paris, 1881.

Kayser, Dr. Emanuel.—Lehrbuch der Geologie. Theil I. 8° Stuttgart, 1893.

Kukula, Dr. /?. und Trubner, K.—Minerva Jahrbuch der Gelehrten Welt. Jahrgang

III, 1893-1894. 8° Strasburg, 1894.

Lyman, B- S.—The great Mesozoic fault in New Jersey. 8° Pam., New Jersey, 1893.

The Author.

Mineral Statistics of the United Kingdom of Great Britain and Ireland, with the Isle

of Man, for the year 1892. Flsc. London, 1893.

Revenub and Agricultural department.
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Titles of Books. Donors.

Niedzweidzki, J.—Zur Geologie von Wieliczka. 8° Pam., Lemberg, 1892.

Paleontologie, Francaise. ire serie, Animaux Invertebres. Terrains Tertiaires, Eocene

Echinides. Liv. 30-31. 8° Paris, 1894.

Petrino, Otto Freiherr von —Die Entstehung der Gebirge erklart nach ihren

Dynamischen Ursachc-n. 8° Pam., Wien, 1879.

Return of Mineral Production in India for 1892. Flsc. Pam., Calcutta, 1893.

Revenue and Agricultural Department.

Return relative to the employment of women and children in the underground workings

of Indian Mines. Flsc. London, 1893.

Revenue and Agricultural Department.

Reyer, Dr. Ed.—Geologische und Geographische Experimente. Heft 1-2. 8° Pam.,

Leipzig, 1892.

Reyer, Dr. Ed.—Ursachen der Deformationen und der Gebirgsbildung. Z* Pam.,

Leipzig, 1892.

Richthofen, Ferdinand F. von.—Festschrift zum Sechzigsten Geburtstag am 5 Mai.

1893. 8° Berlin, 1893.

Roth, Justus.—Allgemeine und Chemische Geologie. Band III, Abth II. 8° Berlin,

1892.

Rothwell, R. P.—The Mineral Industry, its Statistics, Technology, and Trade,

in the United States and other countries from the earliest times to the

end of 1892. Volume I. 8° New York, 1893.

Simony, Dr. Fr.—Das Dachsteingebiet. Pts. I—II. 40 Wien, 1889.

Sim roth, Dr. /A— Die Entstehung der Landtiere ein Biologischer Versuch. 8°

Leipzig, 1 89 1.

Stappp, F. M.—Les Eaux du Tunnel du St-Gothard. 40 Berlin, 1891.

Stoppani, Antoine.—Paleontologie Lcmbarde, ou description des fossiles de Lom-

bardie. IV. „,„, »e>ie, liv. 39-40, pts. 1—2. 4" Milan, 1867 and 188 1-

Tecklenburg, T.—Handbuch der Tiefbohrkunde. B and I—V. 8° Leipzig, 18S6—

1893.

The Norwegian North Atlantic Expedition, 1876-137S. Vol. XXII, Zoologie,

Ophiuroidea, by James A. Grieg. 40 Christiania, 1893.

The Editorial Committee.

Wettstein, Dr. H.—Die Stromungen des Festen, Flussigen und Gasformigen und

ihre Bedeutung fur Geologie, Astronomie, Klimatologie und Meteo-

rologie. 8° Zurich, 1880.

Wolp, Teodoro.—Geografia Y. Geologia del Ecuador. 8-1 Leipzig, 1892.

Zittel, Karl A.—Handbuch der Palaeontologie. Band IV, abth [, lief. 3. 8°

Munchen, 1893.

PERIODICALS, SERIALS, etc.

American Geologist. Vol. XII, No. 3. 8° Minneapolis 93.

Journal of Science. Vol. XLVI, No. 276 to XLVII, No. 278. 8° New

Haven, 1893.

Naturalist. Vol. XXVII, No. 323 to XXVIII, No. 326. 8° Philadelphia,

1893-1894.

Anrialen der Physik und Chemie. Neue Folge, Band L, heft 4, and LI, heft 1-2. 8°

Leipzig, 1893-1894.
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Annals and Magazine of Natural History. Vol. XIII, Nos. 73—75. 8° London, 1893.

1894.

Atherajum. Nos. 3451—3462- 4° London, 1893-1894.

Beiblatter zu den Annalen der Physik und Chemie Band XVII, Nos. 11-12, and

XVIII, Nos. 1-2. 8° Leipzig, 1893-1894.

Chemical News. Vol. LXVIIl, No. 1777, to LXIX, No. 1788. 4* London, 1893-1894.

Colliery Guardian. Vol. LXVI, No. 1720, to LXVII, No. 1731. Fol., London,

1893-1894.

Geological Magazine. New Series, Decade IV, Vol. I, Nos. 1—3 8° London, 1893-1894.

Indian Engineering. Vol. XIV, No. 27, and XV, Nos. 1-11. Flsc. Calcutta, 1893-1894-

Pat. Doyle.

Industries and Iron. Vol. XV, No. 1092 to XVI, No. 1103. 40 London, 1893.1894.

Journal of Geolojy. Vol. I, Nos. 5—8. 8° Chicago, 1893.

London, Edinburgh, and Dublin Philosophical Magazine and Journal of Science.

Vol. X&XV1I, Nos. 224—226. 8° London, 1893-1894.

Mining Journal. Vol. LXII, No. 3042 to LXIV, No. 3053. Fol., London, 1893-1894.

Natural Science. Vcl. Ill, No. 20, to IV, No. 23. 8° London and New York, 1893.

Nature. Vol. XLIX, Nos. 1259— 1270. 4 0 London, 1893-1894. -

Neues Jahrbuch fur Mineralogie Geologie, und Palaeontologie. Band I, heft 1.

8° Stuttgart, 1894.

Oil and Colourman's Jou.nal. Vol. XV, Nos. 161— 163. 40 London, 1894.

Palaeontologische Abhandlungen. Neue Folge, Band I, heft 5. 40 Jena, 1893.

Petermann's Geographische Mittheilungen. Band XXXIX, No. 12, and XL, Nos. 1-2.

40 Gotha, 1893-1894. The Editor.

Scientific American. Vol. LXIX, Nos. 23—27, and LXX, Nos. 1—7. Fol., New York,

1893-1894.

Supplement. Vol. XXXVI, No. 935, to XXXVII, No. 946. Fol„

New York, 1 893-1 ?94-

The Indian Engineer. Vol. XVIII, No. 351,10 XIX, No. 362. 40 Calcutta, 1893-1894.

J. MacIntyrp.

Tschermak"s Minerclogische und Petrographische Mittheilungen. Band XIII, heft 3-5.

8° Wie.i, 189^.

Zeitschrift fur Krysiallograph e und Mineralogie. Band XXII, heft 4—6, 8° Leipzig,

1893-1894.

Zoological Record. Vol. XXIX. 8° London, 1893.

GOVERNMENT SELECTIONS, REPORTS, etc.

Assam.— Census Report of India, 1891. Assam, Vol. III. Flsc. Shillong, 1893.

Chiep Commissioner, Assam.

„ Report on the Administration of the Province of Assam for 1892 93. Flsc.

Shillong, 1893. Chief Commissioner, Assam.

Bengal.—Census of the Lower Provinces of Bengal, 1891. Flsc. Calcutta, 1893.

Bengal Government.

n Report on the Administration of Bengal for 1892-93. Flsc. Calcutta, 1893.

Bengal Government.
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Titles of Books. Donors.

Bombay.—Administration Report of the Bombay Presidency for 1892-93. Flsc. Bombay,

1893. Bombay Government.

„ Bombay Gazetteer. Vol. XXVI. 8° Bombay, 1893.

Bombay Government.

Magnettcal and Meteorological Observations made at the Government

Observatory, Bombay, during 189 1 and 1893, with appendix. 4"

Bombay, 1893.

Meteorological Reporter to the Government of Bombay.

„ Selections from the Records of the Bombay Government. New Series,

No. 273. Flsc Bombay, 1893. Bombay Government.

Burma.—Report on the Administration of Burma for 1892-93. Flsc. Rangoon, 1893,

Chief Commissioner, Burma.

Central Provinces.—Report on the Administration of th$ Central Provinces for

1892-93. Flsc. Nagpur, 1893.

Chief Commissioner, Central Provinces

Hyderabad.—Report on the Administration of the Hyderabad Assigned Districts for

the year 1892-93. Flsc. Hyderabad, 1893. Resident, Hyderabad.

I ndia.—Administration Report on the Railways in India for 1892-93, Part 1 1. Flsc-

Calcutta, 1893. Revenue and Agricultural Department.

„ Census of India, 1891. General Report. Flsc. London, 1893.

Rbvbnue and Agricultural Dbpartmbnt.

„ Census of India, 1891. Report on the Censusof the District of Ajmere-Merwara

taken on the 26th February 1891. Flsc Calcutta, 1893.

Government of India.

„ List of Officers in the Survey and other Scientific and Minor Departments sub

ordinate to the Government of India in the Revenue and Agricultural

Department, corrected to 1st January 1894. 8° Pam., Calcutta, 1883.

Rbvbnue and Agricultural Dbpartmbnt.

„ List of Officers of the Geological Survey of India, corrected to 1st January

1894. 8° Pam. Calcutta, 1894. Government of India.

„ Monthly Weather Review for August to October 1893. 40 Calcutta, 1893.

Meteorological Reporter to the Governmbnt of India.

„ Register of original observations, reduced and corrected, August to October

1893. 40 Calcutta, 1893.

Meteorological Reporter to the Government of India.

„ Selections from the Records of the Government of India, Foreign Department.

Nos. 307-308. Flsc. Calcutta, 1893. Governmbnt of India.

Madras.—Annual Administration Report of the Forest Department, Madras Presidency,

for the 15 months ending 30th June 1893. Flsc. Madras, 1893.

Madras Governmbnt.

„ Manual of standing information for the Madras Presidency, 1893. Flsc.

Madras, 1893. Madras Government.

„ .Report on the Administration of the Madras Presidency for 1892-93. Flsc

Madras, 1893. Madras Governmbnt.
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Part 2.3 Additions to the Library.

Titles of Books. Donors,

Madras.—Selections from the Records of the Madras Government. Vol. IV. FIsc. Madras-

'893- Maoris Government*

Punjab.—-Administration Report of the Punjab and its Dependencies for 1892-93. Flsc.

Lahore, 1893. Punjab Government.

TRANSACTIONS, PROCEEDINGS, etc., OF SOCIETIES, SURVEYS, etc.

Adelaide.—Transactions of the Royal Society of South Australia. Vol. XVII, part 2.

8° Adelaide, 1894. . Thb Society.

Baltimore.—Johns Hopkins University Circulars. Vol. XIII, Nos. 108-109. 40

Baltimore, 1893-1894. Johns Hopkins University.

Batavia.—Ndtulen van het Bataviaasch Genootschap van Kunsten en Wetenschappen.

Deel XXXI, Afl. 3. 8° Batavia, 1893. Batavian Society.

fijdschrift voof Indische Taal-Land-en Volkenkunde. Deel- XXXVII, Afl. I.

8° Batavia, 1893. Batavian Society.

„ Verhandelingen van het Bataviaasch Genootschap van Kunsten en

Wetenschappen. Deel XLVIII, Nos. r-2. 40 Batavia, 1893.

The Society.

Berlin.—Verhandlungen der Gesellschaft fur Erdkunde zu Berlin. Band XX,

Nos. 8-10. 8° Berlin, 1 894.

„ Zeitschrift der Deutschen Geologischen Gesellschaft. Band XLV, heft 3.

8° Berlin, 1894. The Society.

Bologna.— Memorie delta R. Accademia delle Scienze dell'Istituto di Bologna. Serie

V, Tome II, fasc. 1-^4. 40 Bologna, 1894. The Academy.

Brussels.—Ahnuaire de l'Academie Royale des Sciences for 1892 and 1893. 8°

Bruxelles, 1894. The Academy.

„ 'Bulletins de l'Academie Royale des Sciences. .3°" serie, Tome XXII to

XXV. 8° Bruxelles, 1894- The Academy.

„ Memoires de 1' Academie Royale des Sciences. Tome XLVIII, XLIX, and

L, part 1. 40 Bruxelles, 1894. The Academy.

„ Memoires Couronnes et Autres Memoires. Tome XLVI. 8° Bruxelles,

1894. The Academy.

,, Memoires Couronnes et Memoires des Savants Etrangers. Tome LII. 40

Bruxelles, 1894. Thb Academy.

„ Bulletin de la Societd Royale Beige de Geographic. Annde XVII, Nos. 4-5.

. * .8° BruxeHes, 1893. ' The Society.

Cabn.—Memoires de la Society Linndenne de Normandie. 2' serie, Vol. XVII,

fasc. 2-3. 40 Caen, 1893. Thb Society.

Calcutta.—Annals of the Royal Botanic Gardens, Calcutta. Vol. IV. 40 Calcutta,

1893. Royal Botanic Gardens,

„ Catalogue of Books in the Indian Museum Library. 8° Calcutta, 1893.

The Museum.

Journal of the Asiatic Society of Bengal. New Series, Vol. LXII, Part III,

Nos. 1—4. 8° Calcutta, 1893-1894. . The Society.

„ Proceedings of the Asiatic Society ef Bengal. No. X. 8° Calcutta, 1894

The Society.
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Titles of Books. Donors.

Calcutta.— Proceedings and Journal of the Agricultural and Horticultural Society

, of India, October to December 1893. 8° Calcutta, 1893.

The Society.

„ Records of the Geological Survey of India. Vol. XXVI, part 4.

8° Calcutta, 1893. Geological Survey of India.

„ Survey of India Department. Notes for December 1893 to February 1894.

4° Calcutta, 1893-1894. Survey of India Department.

Cambridge.—Proceedings of the Cambridge Philosophical Society. Vol. VIII, part a.

8° Cambridge, 1894. The Society.

Cambridge, Mass.—Annual Report of the Curator of the Museum of Comparative

Zoology for 1892-1893. 8° Cambridge, Mass.-, 1894.

The Museum.

„ Bulletin of the Museum of Comparative Zoology. Vol. "XXV, Nos.

2—4. 8" Cambridge, Mass, 1894. * The Museum.

Cincinnati.—Journal of the Cincinnati Society of Natural History. Vol. XVI, Nos. 2-3-

8° Cincinnati, 1893. The Society.

Copenhagen.—Memoires de PAcademie Royale des Sciences et .des Lettres de

Danemark. 6°" serie, Tome VII, Nos. 8-9. 8° Kjobenhavn, 1893.

The Academy.

„ Oversigt over det Kongelige Danske Videnskabernes Selskabs For-

handlinger og dets Medlemmers Arbejder i Aaret, 1893. No. a.

8° Kjobenhavn, 1893. The Acadbmy.

Dehra Dun.— Account of the operations of the Great Trigonometrical Survey of India.

Vol. XV. 40 Dehra Dun, 1893.

Great Trigonometrical Survey of India.

M Synopsis of the Results of the operations of the Great Trigonometrical

Survey of India. Vol. XXXIII. 40 Dehra Dun, 1893.

, Great Trigonometrical Survey of India-

Dublin.—Proceedings of the Royal Irish Academy. 3rd series, Vol. Ill, No. 1.

8° Dublin, 1893. The Academy.

„ Transactions of the Royal Irish Academy. Vol. XXX, parts 5—10.

40 Dublin, 1894. The Academy.

Edinburgh —Proceedings of the Royal Society of Edinburgh. Vol. XIX. 8°

Edinburgh, 1893. The Society.

„ Transactions of the Royal Society of Edinburgh. Vol. XXXVII, parts

1—2. 40 Edinburgh, 1893. The Society.

„ Sccttish Geographical Magazine. Vol. IX, No. 12, and X, Nos. 1-2. 8°

Edinburgh, 1894. The Society.

„ Transactions of the Royal Scottish Society of Arts. Vol. XIII, part 3.

8° Edinburgh, 1893. The Socibty.

Florence.—Memorie per Servire Alia descrizione della Carta Geologica d'ltalia.

Vol. IV, part 2. 40 Firenze, 1893.

Royal Gbological Commission, Italy.

Glasgow.—Proceedings of the Philosophical Society of Glasgow. Vol. XXIV. 8° Glas

gow, 1893. • THB Soc,bty-

Gottingbn.—Nachrichten von der Konigl. Gesellschaft der Wissenschaften. Nos.

1—16. 8' Gottingen, 1892. Tpi Society.
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PART I.] Additions to the Library.

I

Titles of Books. Donors.

Lalsannb.—Bulletin de la Society Vaudoise des Sciences Naturelies. 3°' serie, Vol.

XXIX, No. 112. 8° Lausanne, 1893. The Socikty.

Liege.—Annales de la SocieHe" Geologique de Belgique. Tome XX, liv. 2-3, 8° Liege,

1893-1894. The Society.

Liverpool.—Proceedings of the Liverpool Geological Society. Vol. VII, part 1. 8°

Liverpool, 1893. The Socibty.

London.—Journal of the Chemical Society. Nos. 373—375- 8° London, 1893.

„ Journal of the Society ci Arts. Vo'.. XLII, Nos. 2143—2153. 8° London,

1893-1894. Thb Society.

„ Proceedings of the Royal Society. Vol. LIV, Nos. 326—329. 8° London,

1893-1894. The Society.

„ Quarterly Journal of the Geological Society. Vol. L, No. 197. 8° London,

1894. The Society.

„ The Geo . aphical Journal. Vol. II, No. 6, and III, Nos. 1—3. 8° London,

it 93- 1894. Royal Geographical Society.

Manchester.—Memoirs and Proceedings of the Manchester Literary and Philosophical

Society. 4th series, Vol. Vlll, No. 1. 8° Manchester, 1894.

The Society.

„ Transactions of the Manchester Geological Society. Vol. XXI I, parts

13-14. 8° Manchester, 1893-1894. Thb Society.

Melbourne.—Proceedings of the Royal Socit.y of Victoria. New series, Vol. V.

8° Melbourne, 1893. The Society.

Moscow.— Bulletin de la Soctete" Imperiale des Naturalistes de Moscow. Annee 1893.

Nos. 2-3. 8° Moscow, 1893. Th* Society.

Munich.—Abhandlungen der Mathematisch-physikalischen Classe der K. b. Akademie

der Wis.cnschaften. Band XVII, abth. 3. 4r Munchen, 1892.

The Academy.

„ Sitzungsberichte der Mathematisch-physikalischen Clause der K. b. Aka

demie der Wissenschaften. . Heft 1-3 (1891), and heft 1-2 (1892). £°

Munchen, 1891-1892. The Acadbmy.

" Naples.— Rendiconto dell, Accademia delle Scienze, Fisiche e Matematiche. Serie II,

Vol. VII, fasc. 8—12. 40 Naples, 1894. The Academy.

N bwcastlb-upon-Tyne.—Transactions of the North of England Institute of Mining

and Mechanical Engineers. Vol. XLII, part 4, with Annual Report

of the Council and Accounts for 1892-93, and List of Council, Officers

and Members for 1893-1894, and Vol. XLIII, part 1. 8° Newcastle-

upon-Tyne, 1893. The Institutb.

Ottawa.—Annual Report of the Geological Survey of Canada. Vol. V, parts 1-2, with

maps. 8° Ottawa, 1893. The Survey.

Paris.—Annales des Mines. 9"' sene, Tome IV, liv. 9—11. 8° Paris, 1893.

Department of Mines, Paris.

„ Annuaire Geologique Universel. Tome IX, fasc. 2. 8° Paris, 18941

The Editor.

„ Bulletin de la Soci6t6 Geologique de France. 3 °e serie, Tome XX, No. 8, and

XXI, No. 3. 8° Paris, 1893. The Society.

„ Comptes Rendus des Seances de la Societe de G£ographie. Nos. 16—18 (1893),

and Nos. 1—3 (1894). 8° Paris, 1893-1894. Thb Society.
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Titles of Books. Donors.

Paris.— Ministere des Travaux Publies Carte Géologique de la France et des Topo

graphies Soutterraines. 8° Paris, 1893.

Ministers Travaux Publies, Paris-

Philadelphia.—Journal of the Franklin Institute. Vol. CXXXVI, No. 6, to

CXXXVI1, No. 8. 8° Philadelphia, 1893-1894. The Institute.

„ Proceedings of the Academy of Natural Sciences. Partii. 8° Philadel

phia, 1893. The Acadbmt.

Pisa.—Atti della Società Toscana di Scienze Naturali. Processi Verbali. Vol. Vili,

pages 233—342- 8° Pisa, 1893. The Society.

Rio de Janeiro.—Annuario Publicado Pelo Observatorio de Rio de Janeiro. Anno IX.

8° Rio de Janeiro, 1S93. The Obsbrvatory.

Rome.—Atti della Reale Accademia dei Lincei Rendiconti. Serie V, Semestre II,

Vol. II, fase. 10—12, and Semestre I, Voi. Ili, fase. 1—3. 8° Roma,

1893-1894. The Academy.

„ Bollettino del R. Comitato Geologico d' JUalia. Vol. XXI II, Nos. 1—4. 8°

Roma, 1892. The Commission.

Sacramento,— California State Mining Bureau. Eleventh Report of the State Mine

ralogist for the two years ending 15th September 1892. 8° Sacra

mento, 1893. California State Mining Bureau.

Salem, Mass.—Bulletin of the Essex Institute. Vol. XXV, Nos. 7—9. 8° Salem, Mass..

1894. The Institute.

St. Petersburg.—Bulletin du Comité Géologique. Vol. XII, Nos. 3—7, and Supple

ment to Vol. XII. 8.° St. Petersbourg, 1894. The Commission.

Stockholm.—Sveriges Geologiska Undersokning.

Series A. a., Nos. 108-109.

„ A. b., Nos. 13—15.

„ B. b., No. 7.

„ C, Nos, 112 and 1 16—134.

8° Stockholm, 1893. Gbological Survey, Sweden.

„ Sveriges Geologiska Undersokning. Systemati sk Fórteckning Ofver

Oflentliggjorda Arbeten, 1862—1893. 8° Stockholm, 1894.

, Gbological Survey, Sweden.

Sydney.—Records of the Geological Survey of New South Wales. Vol. Ill, part 4.

4° Sydney, 1893. The Survey.

„ The Macleay Memorial Volume of the Linnean Society of New South

Wales, edited by J. J. Fletcher, M . A. 4° Sydney, 1893.

The Society.

Toronto.— Fifth Annual Report of the Canadian Institute, Session 1892-93. 8°

Toronto, 1893. The Institute.

„ Transactions of the Canadian Institute. Vol. Ill, part 2. 8° Toronto, 1893.

, Thb Institute.

Vbnice. -Atti del Reale Istituto Veneto di Scienze, Lettere ed Arti. ' Serie VII, Tome

LI, disp. 18. 8° Venezia, 1893. The Institute.

Vienna.—Mittheilungen der Rais. Kónigl. Geographischen Cesellschaft. Band XXXV.

8° Wien, 1892. The Society.

„ Verhandlungen der K. K. Geologischen Reichsanstalt. Nos. 11—18. 8°

Vienna, 1894. Thb Institutb.
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part 2.] Additions to the Library.

Titlet of Books. Donors.

Washington.—Bulletin of the United States Geological Survey. Nos. 82—86 and 90—

96. 8° Washington, 1891-1892. Thb Survey.

„ Twenty-first Annual Report of the Director of the United States Min t

for the year 1893. 40 Washington, 1893. United States Mint.

„ Bulletin of the United States National Museum. Nos. 39-40. 8°

Washington, 1894. Thb Museum.

„ Smithsonian Miscellaneous Collections. Vol. XXXIV and XXXVI,

and Report on the Mechanics of the Earth's Atmosphere. 40

Washington, 1893 The Institutb.

"Yoko hama.—Seismological Journal of Japan. Vol. XVI 1 1. 8° Yokohama, 1894.

Thb Society.

„ Transactions of the Asiatic Society of Japan. Vol. XXI. 8° Yokohama,

1894. The Socibty.

Zürich.—Neujahrsblatt heraus gegeben von der Naturforschenden Gesellschaft. No 96.

4° Zürich, 1894. The Society.

„ Vierteljahrschrift der Nautrforschenden Gesellschaft in Zürich. Jahrg.

XXXVIII, heft 3-4. 8° Zürich, 1894. Thb Society.

O, I. C. P. 0. - No. 1 D. G. Surrey.- u>«.- 610.
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PART 3.] Donations to the Museum.

' DONATIONS TO THE MUSEUM.

From ist May to 31ST July 1894.

Meteorite (stony), weighing 8617 grammes, fell about 4 P.M. on Wednesday, gth May

1894, in village Bori, Lat. 22° Long. 780 6" East, about 12 miles N.-E. of Badnur,

Betul District, Central Provinces.

Sbnt by Col. J. W. Macdougall,

Deputy Commissioner, Betul.

Three specimens of Cobalt ore ; one of Steatite, and one of impure Erubescite and Pyrite,

from Khetri, Rajputana ; one specimen of Plumose amphibole and quartz, from

Oodeypur Territory, Chota Nagpur ; one specimen of Galena, from Tavoy, Burmah

and one specimen of moonstone, from Ceylon.

Presented by Wm. Farsuhar.

Several specimens of spinels, from Shamsunderpur, Bankura District.

Presented by Raja Saurindra Mohan Tagorb, c.r.E.,

Path aria Ghata Rajbati.

ADDITIONS TO THE LIBRARY.

From ist April to 30TH June 1894.

Titles 0/ Books. Donors.

Blake, J. P.—Annals of British Geology, 1890-91-92. 8° Londcn, 1894.

Bronn, Dr. H. G.— Klassen und Ordnungen des Thier-Reichs. Band II, Abth. II.,

lief 9—10, and IV, lief 33—35. 8° Leipzig, 1894.

Klein, Dr. H. J.—Jahrbuch der Astronomie und Geophysik. Jahrg. IV, 1893. 8

Leipzig, 1893. .

Lyall, Sir Alfred,— Asiatic Studies, religious and social. 8° London, 1884.

Paläontologie Francaise. ire. serie, Animaux Invertebres. Terrains Tertiaries, Eocene,

Echinides. Tome II, livr. 32. 8° Paris, 189.

Suess, Prop. Ed.—The future of Silver. 8° Washington, 1893.

PERIODICALS, SERIALS, etc.

American Geologist. Vol. XI, Nos. 3—4 and XIII, No. 2. 8° Minueapolis, 1894.

American Journal of Science. Vol. XLVII, Nos. 279—281. 8° New Haven, 1894.

American Naturalist. Vol. XXVIII, Nos. 327—329. 8° Philadelphia, 1894.

Annalen der Physik und Chemie. Namenregister, 1874— '893. 8° Leipzig, 1894.

Ar.nalen der Physik und Chemie. Neue Folge, Band LI, heft 3-4 ; and LH, heft 1-2

8° Leipzig, 1894.

Annales de Geologie et de Paleontologie. Livr, 12— 13. 40 Palerme, 1894.

Annals and Magazine of Natural History. 6th series, Vol. XIII, Nos. 76—78. 8°

London, 1894.

Athenceum. Nos. 3463—3476. 4° London, 189t.

Beiblätter zu den Annalcn der Physik und Chemie. Band XVIII, Nos. 3—5. 8° Leipzig,

1894.
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Title of Books. Donors.

Chemical News. Vol. LX1X, Nos. 1789—1802. 40 London, 1894.

Colliery guardian. Vol. LXVII, Nos. 1732—1745. Fol. London, 1894.

Geological Magazine. New series, Decade IV, Vol. I, Nos. 4—6. 8° London, 1894.

Indian Engineering, Vol. XV, Nos. 12—25. F'sc. Calcutta, 1894,

Industries and Iron, Vol. XVI, Nos, 1104— 1117. 4° London, 1894,

Journal of Geology, Vol. II, No. I. 83 Chicago, 1894.

London, Edinburgh, and Dublin Philosophical Magazine and Journal of Science. 5th

scries, Vol. XXXVII, Nos. 227—229. 8° London, 1894.

Mining Journal. Vol. LXIV, Nos. 3054—3067. Fol. London, 1894.

Natural Science. Vol. IV, Nos. 24— 25. 8° London and New York, 1894.

Nature. Vol. XLIX, Nos. 127 1—1284. 40 London, 1894.

Neues Jahrbuch fur Mineralogie, Geologie und Pateontologie. Band L, heft 2—3.

8° Stuttgart, 1894.

Oil and Colourman's Journal. Vol. XV, Nos. 164—166. 40 London, 1894.

Pateontographica. Band XL, lief. 5—6. 4° Stuttgart, 1894.

Palaeontologische Abhandlungen. Neue Folge, Band II, heft 3. 40 Jena, 1893.

Petermann's Geographischer Mittheilungen. Band XL, Nos, 3—5. 40 Gotha, 1894.

The Editor.

Scientific American. Vol. LXX, Nos. 8—21. Fol. New York, 1894.

Scientific American. Supplement. Vol. XXXVII, Nos. 947—960. Fol. New York

1894.

The Indian Engineer. Vol. XIX, No. 363 to XXI, No. 376. Fol. Calcutta, 1834.

Tschermak's Mineralogische und Petrographische Mittheilungen. Band XIII, heft 6.

8° Wien, 1894.

ZeUschrift fur Krystallographie und Mineralogie. Band XXIII, heft 1—2. 8° Leipzig,

1894.

Zeitsc]: rift fur praktische Geologie. Jahrg. 1893, heft 1—13 ; and 1894, heft 1—4 and

6. 4° Berlin, 1893- 1894.

GOVERNMENT SELECTIONS, REPORTS, etc.

Bombay.—Bombay Gazetteer. Vol. XXVI. 8° Bombay, 1894. Bombay Government.

„ Selections from the Records of the Bombay Government. New Series,

Nos. 274—275. Flsc. Bombay, 1893. Government gp Bombay.

India.—Annual Statement of the Trade and Navigation of British India with Foreign

Countries and of the coasting trade of the several Presidencies and

Provinces for the years ending 31st March 1887 to 1892. 40 Calcutta,

1887—1892. Government of India.

„ Census of India, 1891.

General Tables, Vol. II, Flsc. London, 1894.

Revenue and Agricultural Department.

Mysore, Vol. XXV, Parts I—II. Flsc. Bangalore, 1894.

Resident, Mysore.

N.W.-Provinces and Oudh, Vols. XVI to XVIII. Flsc. Allahabad, 1894.

Revenue and Agri cultural Department.

„ General Report on the operations of the Survey of India Department for

1892-93. Flsc. Calcutta, 1894. Survey of India Department.
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FART 3.] Additions to the Library.

Title of Books. Donors.

India.— List of Civil Officers holding Gazetted appointments under the Government of

India in the Home, Legislative, Foreign and Revenue and Agricultural

Departments, corrected to 1st January 1894. 8" Calcutta, 1894..

• Home Department.

„ Indian Meteorological Memoirs. Vol. VI, Part 1. 4° Calcutta, 1894.

Meteorological Reporter to Government of India.

„ Monthly Weather Review. November 1893 to February 1894. 40 Calcutta,

1 893- 1 894.

Meteorological Reporter to the Government op India.

„ Register of original observations, reduced and corrected, November 1893 to

February 1894. 40 Calcutta, 1893-1894.

Meteorological Reporter to Government of India.

Madras.—Madras Meridian Circle Observations, 1880 to 18S2. Vol VII. 4° Madras.

1894 Madras Government.

Punjab.—Final Report of the Revised Settlement of the Gurdaspur District in the

Punjab. Flsc. Lahore, 1894. Punjab Government.

„ Final Report on the Revision of Settlement, 1889-91, of the Muktsar Pargana

ard Mamdat Jcgir of the Ferozepore District in the Punjab. Flsc

Lahore, 1894. ' Punjab Government.

„ Gazetteer of the Amritsar District, 1892-93. Revised Ediiion 8° Lahore,

1894. . Punjab Government.

TRANSACTIONS, PROCEEDINGS, ETC., OF SOCIETIES, SURVEYS, btc.

Ballarat.—The Ballarat School of Mines Calendar for 1894 and Annual Report for

1893. 8° Ballarat, 1894. The School op Mines.

Ealtimore.—Johns Hopkins University Circulars. Vol. XIII, No. 110. 40 Balti

more, 1894. Johns Hopkins University.

Batavia.— Naturkundig Tijdschrift voor Nederlandsch-Indie. Deel LII and LIU, 8°

Batavia, 1888—1891. Batavian Society

Belfast.— Report and Proceedings of the Belfast Natural History and Philosophical

Society, Session 1892— 1893. 8° Belfast, 1894. The Society.

Berlin.—Verhandlungen der Gesellschaft fur Erdkunde zu Berlin. Band XXI,

Nos. 1—5. 8° Berlin, 1894.

Bombay.—Journal of the Bombay Branch of the Royal Asiatic Society. Vol. XVIII.

Extra No. 49A. and No. 50. 8.° Bombay, 1893. The Society.

,, Journal of the Bombay Natural History Society. Vol. VIII, No. 4. 8°

Bombay, 1894. The Society-

. Brussels.—Bulltin de la Societe Royale Beige de Geographie. Annee XVII, No. f>

8° Bruxelles, 1894.

Budapest.—Terrr.eszetrajzi Fiizetek. Vol. XVI, Nos. 3—4. 8° Budapest, 1894.

The Hungarian National Museum.

Calcutta.—Epigraphia Indica of the Archaelogical Survey of India. Vol.11, parts

14— 15. 40 Calcutta, 1888—1891. Government of India.

„ Journal of the Asiatic Society of Bengal. Vol. LXII, Parti, No. 4*

LXIH, Part I, No. 1 j and title page and Index for 1S93. 8° Cal-

cutta, 1893—1894. The Society.
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Title of Books. Donors.

Calcutta.—Proceedings of the Asiatic Society of Bengal. Nos. I—4. 8° Calcutta,

'894. The Society.

„ Proceedings and Journal of the Agricultural and Horticultural Society of

India. January to Mafch 1894. 8° Calcutta, 1894.

The Society.

„ Records of the Geological Survey of India. Volume XXVII, parts. 1—2.

8° Calcutta, 1894- Geological Survey of India-

„ Survey of India Department Notes for March and April 1894. Flsc. Cal

cutta, 1894. Survey of India Department.

Cambridge.—Transactions of the Cambridge Philosophical Society, Vol. XV, part 4.

4° Cambridge. 1893-1894. The Socibty-

„ Twenty-eighth Annual Report of the Museums and Lecture Rooms

Syndicate, Cambridge University, for 1893. 8" Cambridge, J 804-

The University.

Cambridge, Mass.—Bulletin of the Museum of Comparative Zoology. Vol. XXV,

Nos. s—6. 8° Cambridge, Mass., 1893-1894. The Museum.

Dresden.—Sitzungsberichte und Abhandlungen der Naturwissenschaftlichen Gesells-

chaft, Isis In Dresden. Jahrg. 1893, July to December. 8° Dres

den, 1894. Isis Society.

Edinburgh.—Scottish Geographical Magazine. Vol. X, Nos. 3—6 8° Edinburgh,

1894. The Society.

Frankfort.—Abhandlungen von der Senckenbergischen Naturforschenden Gesells.

chaft. Band XVIII, heft 2. 40 Frankfort-A—M., 1894.

Gottingen.—Nachrichten von der Koniglichen Gesellschaft der Wissenschaften zu Got-

tingen. Nos. 15—21 (1893) ; and No. 1 (1894). 8° Gottingen, 1893—

1894. . Thb Socibty.

Lausauvb.— Bulletin de la Societe Vaudoise des Sciences Naturalles. 3me serie. Vol.

XXVI, No. 102, and XXIX, No. 113- 8° Lausanne, 1893-1894.

Thb Socibty.

Leipzig.— Mittheilungen des Vereins fiir Erdkunde zu Leipzig, 1893. 8° Leipzig.

1894. The Society.

„ Verhandlungender K. K. Geologischen Rtichsanstalt. Nos. 1—4. 8°

Leipzig, 1894. The Institutb.

Liege.—Annales de la Societe Geologique de Belgique. Tome XXI, livr. 1—2. 8° Liege,

1893-1894. The Society.

Lisbon.— Direction des Travaux Geologiques du Portugal. Description de la Faune

Jurassique du Portugal. Classe des Cephalopodes par Paul Choffat.

1st series. 40 Lisbonne, 1893. The Commission.

London.—Journal of the Chemical Society. Vol. LXV, No. 37<5 to LXVL, No. 378.

8 London, 1894.

„ Journal cf the Societv of Arts. Vol. XLII, Nos. 2135 and 2154—2168. 8°

London, 1894." . The Society.

„ Mineralogical Magazine and Journal of the Mineralogical Society. Vol. Xf

No. 47. 8° London, 1894.

„ Proceedings of the Royal Institution of Great Britain. Vol.XIV, Part' I,

No. 87. 8° London, 1894. The Institution.

„ Proceedings of the Royal Society. Vol. LIV, Nos. 330—332. 8° London,

1893-1894. The Society.
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Title of Books. Donors.

London.—Proceedings of the Zoological Society of London. Parts 1 (1891) and 3 (1894).

8° London, 1891 and 1894. The Society.

„ Transactions of the Zoological Society of London. Vol. XIII, part 8. 40

London, 1894. ■ The Society.

„ Quarterly Journal of the Geological Society. Vol. L, part II, No. 198. 8°

London, 1894. The Society.

, The Geographical Journal. Vol. Ill, Nos. 4—6. 8° London, 1893-1894.

Royal Geographical Society.

Madrid.— Boletin de la Sociedad Geografica de Madrid. Tome XXXV, Nos. 4—6, and

XXXVI, Nos. 1—4. 8° Madrid, 1894. The Society.

Manchester.—Transactions of the Manchester Geological Society. Vol. XXII, parts

15—18. 8° Manchester, 1894. The Society.

Melbourne.—Proceedings of the Royal Society of Victoria. New series, Vol. VI. 8°

Melbourne, 1894. The Society.

Milan.—Atti della Società Italiana de Scienze Naturali. Vol. XXXIV, fase. 4. 8°

Milano, 1894. The Society.

Moscow.—Bulletin de la Societe Imperiale des Naturalistes de Moscow. Année 1893,

No. 4- 8° Moscou, 1894. The Society.

Naples.—Rendiconto dell' Accademia delle Scienze Fisiche E Matematiche. Series II.,

Vol. Vili, anno XXXIII, fase. 1—a. 4° Napoli, 1894.

The Academy.

Newcastle-upon-Tyne.—Transactions of the Federated Institution of Mining

Engineers. Vols. VI, and VII, parts 1—2. 8° Newcastle-upon-Tyne,

1894.

Oxford.—Catalogue of Books in the Radcliffe Library, Oxford University Museum,

during the year 1893. 8° Oxford, 1894. The Museum.

Paris.—Annales des Mines. 9°' serie, Tome V, livr. 1. 8° Paris, 1893-1894..

Department of Mines, Paris.

„ Annuaire Geologique Universe!. Tome IX, fase. 3. 8° Paris, 1894.

The Editor.

„ Bulletin de la Societe de Geographie. 7"" serie, Tome XIV, Nos. 3—4. 8°

Paris, 1894. The Society.

„ Comptes Rendus des Seances de la Societe de Geographie. Nos. 4—12. 8°

Paris, 1894. The Society.

,, Bulletin de la Societe Mineralogique de France. Tome I to XV. 8° Paris,

1879 to 1892.

Penzahce.—Transactions of the Royal Geological Society of Cornwall. Vol. XI, part 8.

8° Penzance, 1894. Thb Society.

Philadelphia.—Journal of the Franklin Institute. Vol. CXXXVII, Nos. 3—5. 8°

Philadelphia, 1894. The Institute.

Pisa.—Atti della Società Toscana di Scienzi Naturali. Memorie, Vol. XIII. 8° Pisa,

1894. The Society.

„ Atti della Società Toscana di Scienze Naturali. Processi Verbali. Vol. VI, .

pp. 73—82 ; VII, pp. 81—234; and IX, p.p. 1—62. 8° Pisa, 1888— 1894.

The Society.

Rome.—Atti della Reale Accademia dei Lincei. Rendiconti, Serie V, Semestre I,

Vol. Ili, fase. 4—8. 8° Roma, 1894. The Academy.
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Salem, Mass.—Bulletin of the Essex Institute. Vol. XXV, Nos. 10—12, and XXVI,

Nos. 1—3. 8° Salem, Mass, 1893. Thb Institute.

San Francisco.—Memoirs of the California Academy of Sciences. Vol.11, No. 3.

8° San Francisco, 1893-1894. The Academy.

Stockholm,—Bihang Till Kongl. Svenska Vetenskaps-Akademiens. Handlingar.

Band XIV to XVIII. 8° Stockholm, 1889 to 1893. The Academy.

„ Kongl. Svenska Vetenskaps Akademiens. Handlingar, Bandet XXII

to XXIV. 40 Stockholm, 1886—1891. The Academy.

„ Meteorologiska Iakttagelser I' Sverige. Serien 2A, Band XIII to

XVI. 4° Stockholm, 1885—1888. The Academy.

St. Petersburg.—Verhandlungen der Russisch—Kaiserlichen Mineralogischen Gesells

chaft zu St. Petersburg. Serie 11, Band XXX. 8° St. Peters-

bourg, 1894. The Society.

Sydney.—Annual Report of the Departmeent of Mines and Agriculture, New South

Wales, for the year 1893. Flsc. Sydney, 1894.

Dept. of Mines, N. S. Wales.

„ Catalogue of the Australian Birds in the Australian Museum, Sydney. Part

IV. 8° Sydney, 1894. The Museum.

„ Proceedings of the Linnean Society of New South Wales. 2* serie, Vol.

VIII, pts. 2—3. 8° Sydney, 1 893- 1 894. Thb Society.

Tokio.—Mittheilungen der Deutschen Gesellschaft fur Natur und Völkerkunde Östa-

siens in Tokio. Band VI, heft 53. 8° Tokio, 1894. The Society.

Toronto.—Seventh Annual Report of the Canadian Institute, Session 1893-94, 8°

Toronto, 1894. The Institute.

„ Transactions of the Canadian Institute. Vol. IV, Part I, No. 7. 8°. Toronto,

1894. The Institute.

Turin.—Atti della R. Accademia delle Scienze di Torino. Vol., XXIX, disp. 1—4. 8°

Torino, 1893.1894. Thb Academy.

Venice.—Atti del R. Istituto Veneto di Scienze, Lettere ed Arti. 6"" serie, Tomo LH,

disp. 3, and 2* Appendix to Tome L, disp. 10. 8° Venezia, 1893.1804.

The Institute.

Vienna —Annalen des K. K. Naturhistorischen Hofmuseums. Band VIII. Nos. 1—4.

8° Wien, 1893. The Museum.

„ Sitzungsberichte der Kais. Akademie der Wissenschaften.

Band CI, Abth. I, heft 8—10.

» » » Ha, „ 6—10.

IIb, „ 6—10.

1, n » III, „ 6—10.

8° Wien, 1892. The Academy.

Washington.—Bulletin of the United States National Museum. Nos. 44—46. 8°

Washington, 1894. The Musbum.

„ Proceedings of the United States National Museum. Vol. XV. 8° Wash

ington, 1893. The Museum.

York.—Annual Report of the Yorkshire Philosophical Society for 1893. 8° York.

1894. The Socibty.

Zürich.—Neujahrsblatt herausgegeben vonder Naturforschenden Gesellschaft Jahrg.

1893, No. 95. 4° Zürich. 1894. The Society,

„ Vierteljahrschrift der Naturforschenden Gesellschaft. Jahrg. XXXIX, heft 1.

8° Zürich, 1894. The Society,

Government of India Central Printing Office,—No. 11 D. G. Survey.-i8*9^,-6JO.
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PART 4.] Donations to the Museum.

DONATIONS TO THE MUSEUM.

From ist August to 31ST October 1894.

A core of Barakar sandstone from Giridih (Karharbari) coal-field, 300 feet below

surface of ground, and 600 feet above lower coal seam.

Presented by Dr. W. Saise, A.R.S.M., F.G.S.,

Manager, E. I. Ry. Collieries.

Specimens of the crystalline rocks in the neighbourhood of the Giridih coal-field.

Presented by Dr. W. Saise, A.R.S.M., F.G.S.,

Manager, E. I. Ry. Collieries.

Specimens of mica-peridotites and dolerites from dykes in the neighbourhood of

Asansol.

Presented by Dr. W. Saisb, A.R.S.M., F.G.S.,

Manager, E. I. Ry. Collieries.

Specimens of mica-peridotite and dolerite from Dhadka, Asansol.

Presented by S. Heslop, F.G.S.

Specimens of coal altered by intrusions of peridotite, Cheranpore, Asansol.

Presented by F. J. Agabeg.

ADDITIONS TO THE LIBRARY.

From ist July to 30TH September 1894.

Titles ofBooks. Donors,

Beck, Dr. Lud-aig.—Die Geschichte des Eisens. Abth. II, lief. 2—5. 8° Braunsch

weig, 1893.

Bbhrens, Prof. H.—A manual of micro-chemical analysis. 8° London, 1894.

Bronn, Dr. G. H.—Klassen und ordnungen des Thier-Reichs. Band III, lief. 2-3,

and 10—14. 8°. Leipzig, 1894.

Bruhl, Carl Bernhard.—Das Skelet der Krokodiliner. 40 Wien, 1862.

Cooley's Cyclopoedia of practical receipts. 7th Edition. Edited by W. North. Vols.

I—II. 8° London, 1892.

Cottbau, G.— Echinides Nouveaux ou peu connus. Series I, Nos. 1— 16, and II,

Nos. 1—12. 8° Paris, 1858—1878.

Daubrbe, A.—Lea Regions Invisibles der Globe et des Espaces Celestes. Deuxieme

Edition, Vol. LXII. 8° Paris, 1892.

Daties, E. H.—Machinery for Metalliferous Mines. 8° London, 1894.

Fostbr, C. Le Neve.—A Text-Book of Ore and Stone Mining. 8° London, 1894.

Hull, E.—Book on Mount Seir, Sinai and Western Palestine. 8° London, 1889.

„ Memoir on the Geology and Geography of Western Palestine. 8° London,

1889.

,, Volcanoes : past and present. 8° London, 1892.

Johnston, rrof.— Elements of Agricultural Chemistry and Geology. 8° London,

1894.

Kelvin, Baron W. T.—Popular lectures and addresses. Vol.11. 8° London, 1894.

Lartbt, Louis.—Exploration Geologique de la Mer Morte. 40 Paris, 1877.
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Titles of Books. Donors.

Levy, A. Michel.—Structures et classification des Roches Eruptives. 8° Paris, 1889.

Liversidgb, A.— Origin of Moss Gold. 8° Pam., London, 1893. Thb Author.

Louis, Henry.— Handbook of Gold-milling, with illustrations. 8° London, 1894.

Mallard, M. E.—Traite de Cristallographie Geometrique et Physique. Tome MI,

and Atlas. 8° Paris, 1879.

Mbunier, S.—Les Mdthodes de Synthase en Mineralogie. 8° Paris, 1891.

Meyer, L.—Outlines of Theoretical Chemistry, translated from the German by P. P.,

Bedson and W. C. Williams. 8° London, 1892.

Murray, J. A. H.~A New English Dictionary on historical principles. Part of Vol.

Ill, and Part VIII, Section 1. 40 Oxford, 1893-1894.

Oldham, R. D.— River valleys of the Himalayas. 8° Pam., Manchester, 1894.

The Author.

Peron, Alphonse.—Description des Brachiopodes, Bryozoaires et autres invertebr£s

fossiles des terrains crelaces de la Region sud des Hauts-Plateaux

de la Tunisie, and Illustrations. 8° and 40 Paris, 1893.

Pilar, Dr. G.—Grundziige der Abyssodynamik. 8° Agram, 1S81.

Return of Mineral Production In India for 1891. FIsc. Pam., Calcutta, 1892.

Revenue and Agricultural Department.

Review of Mineral Productions in India for 1893. Flsc Pam , Calcutta, 1894.

Revenue and Agricultural Department.

Roberts-Austen, W. C—Introduction to the study of Metallurgy. 3rd Edition. 8°

London, 1894.

Rose, T. Kirke.—The Metallurgy of Gold. 8° London, 1894.

Rothwell, R. P.—The Mineral Industry : its Statistics, Technology and trade, in

the United States and other countries, from the earliest times to the

end of 1892 : being the annual statistical supplement of the Engineer

ing and Mining Journal. Vol.1. 8° New York, 1 893.

Sohn, Charles E.—Dictionary of the active principles of Plants. 8° London, 1894.

Tarr, Ralph S.— Economic Geology of the United States, with briefer Mention of foreign

Mineral Products. 8° London and New York, 1894.

Valentin, W. G.—A Course of Practical Chemistry and Qualitative Chemical Analysis.

Edited and revised by Dr. W. R Hodgkinson. 8th Edition. 8°

London, 1894.

Walmesley, 0.— Guide to the Mining Laws of the World. 8° London, 1894.

Woods. H.—Elementary Palaeontology—Invertebrata. 8° London, 1893.

PERIODICALS, SERIALS, etc.

American Geologise. VoLXH, Nosv 4-6 ; XIII, Nos. 1—g ; and XIV, No. ft, 8*

Minneapolis, 1894.

American Journal of Science. Vol. XLVII, No. 282 taXLVHI, No. 284. 8° New

Haven, 1894.

American Naturalist. Vol. XXVIII, Nos. 330—333. 8° Philadelphia, 1894.

Annalen der Physik und Chemie. Neue Folge, Band L1I, heft 3-4, : and LIU, heft l-av

8° Leipzig, 1894.

Annals and Magazine of Natural History. 6th series, Vol; XIV, Nos. 79—81; 9P Lon>

don, 1891.
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Titles of Books. Donors,

Athenaeum. Nos. 3477—348g. 40 London, 1894.

Beiblatter zu den Annalen der Physik und Chemie. Band. XVIII, Nos. 6—8. 8°

Leipzig, 1894.

Chemical News. Vol. LXIX, No. 1803 to LXX, No. 1815. 8° London, 1894.

Colliery Guardian. Vol. LXVII, No. 1746 to LXVIII, No. 1758. Fol. London,

1894.

Geographische Abhandlungen. Band V, heft 4. 8° Wien, 1894.

Geological Magazine. New series, Decade IV, Vol. I, Nos. 7—9. 8° London,

1894.

Indian Engineering. Vol. XV, No. 26, and XVI, Nos. 1—7, Flsc. Calcutta, 1894.

Pat. Doylb.

Industries and Iron. Vol. XVI, No. Hl8 to XVII, No, 1130. 40 London, 1894.

Journal of Geology. Vol. II, No. 2. 8° Chicago, 1894.

London, Edinburgh, and Dublin Philosophical Magazine and Journal of Science. 5th

series, Vol. XXXVIII, Nos. 230—232. 8° London, 1894.

Mining Journal. Vol. LXIV, Nos. 3068—3080. Fol. London, 1804.

Natural Science. Vol. IV, No. 26 to V, No. 29. 8° London and New York,

1894.

Nature. Vol. L, Nos. 1285—1297. 8° London, 1894.

Neues Jahrbuch fur Mineralogie, Geologie und Palaeontologie. Band II, heft 1-2. 8°

Stuttgart, 1894.

Neues Jahrbuch fur Mineralogie, Geologie und Palaeontologie. Beilage—Band IX, heft

r. 8° Stuttgart, 1894.

Oil and Colourman's Journal. Vol. XV, Nos. 167—169. 40 London, 1894.

Palaeontographica. Band XLI, lief. 1-2. 40 Stuttgart, 1894.

Palasontologische Abhandlungen. Neue Folge, Band II, heft 4. 40 Jena, 1894.

Petermann's Geographischer Mittheilungen. Band XL, Nos. 7-8. 40 Gotha, 1894.

The Editor.

Scientific American. Vol. LXX, Nos. 22—25, and LXXI, Nos. 1—8. Fol. New York,

1894.

Scientific American. Supplement. Vol. XXXVII, No. 961 to XXXVIII, No. 973.

Fol. New York, 1894.

The Indian Empire: its peoples, history and products. By Sir W. W. Hunter. -8°

London, 1894.

The Indian Engineer. Vol. XXJ, Nos. 377—389 ; and Special Issue, No. 1. 40 Calcutta,

1894. Thb Editor.

Tschermak's Mineralogische und Petrographische Mittheilungen. Band XIV, heft 1-2.

8° Wien, 1894.

Zeitschrift fur Krystallographie und Mineralogie. Band XXIII, heft 3. 8° Leipzig,

1894.

Zeitschrift fur praktische Geologie. Jahrg, 1894, heft 7-8. 8° Berlin, 1894.

GOVERNMENT SELECTIONS, REPORTS, btc.

Bombay.—Selections from the Records of the Bombay Government. New series, Nos.

22g—232, and 276-277. Flsc. Bombay, 1894. Bombay Government.
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India.—Administration Report of the Marine Survey of India for 1893-94. Flsc. Bombay,

1894. Bombay Government.

„ Administration Report on Railways in India for 1893-94. Part I. Flsc. Simla,

1894. Government op India.

„ Government of India Civil Budget Estimates for 1894-95. Flsc. Calcutta, 1894.

Government of India.

„ India Weather Review. Annual Summary, 1893. 40 Calcutta, 1894.

Meteorological Reporter to Government op India.

„ Monthly Weather Review, March to May 1894. 40 Calcutta, 1894.

Meteorological Reportbr to Government op India.

„ Meteorological Observations recorded at 7 stations in India in the year 1893,

corrected and reduced. 40 Calcutta, 1894.

Meteorological Reporter to Government op India.

„ Register of original observations, reduced and corrected, March to May 1894.

4° Calcutta. 1894.

Meteorological Reporter to Government op India.

., Rainfall data of India, 1893. Flsc. Calcutta, 1 894.

Meteorological Reportbr to Government op India.

Punjab.—Gazetteer of the Guzerat District, 1892-93. 2nd Edition. 8° Lahore, 1894.

Punjab Government.

„ Settlement Report of Ambala District, 1893. Flsc Lahore, 1893.

Punjab Government.

„ Settlement Report of Karnal-Ambala, 1891. Flsc Lahore, 1891.

Punjab Government.

TRANSACTIONS, PROCEEDINGS, btc, OF SOCIETIES, SURVEYS, etc.

Albany.—New York State Museum Annual Report. Nos. 45-46. ti? Albany, 1892- 1893.

Thb Museum.

Baltimorb.—American Chemical Journal. Vol. XIV, No. 8, and XV, Nos. 1—7. 8°

Baltimore, 1892-1893. Johns Hopkins University-

„ American Journal of Mathematics. Vol. XIV, N0.4, and XV, Nos. 1—4.

4° Baltimore, 1892-1893. Johns Hopkins University.

„ American Journal of Philology. Vol. XIII, No. 4, and XIV, Nos. 1—3.

8° Baltimore, 1892-1893. Johns Hopkins University.

„ Johns Hopkins University Circulars. Vol. XIII, Nos. 112 and 114. 40

Baltimore, 1894. Johns Hopkins University.

„ Johns Hopkins University Studies in Historical and Political Science.

Series X, No. 12, & XI, Nos. 1—10. 8" Baltimore, 1892-1893.

Johns Hopkins University.

Studies from the Biological Laboratory. Vol. V, Nos. 2—4. 8° Balti

more, 1893. Johns Hopkins University.

Basel.—Verhandlungen der Naturforschenden Gesellschaft. Band X, heft 1. 8°

Basel, 1893. The Society.
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Berlin.—Abhandlungen der Koniglichen Akademie der Wissenschaften zu Berlin.

4° Berlin, 189a. The Academy.

„ Sitzungsberichte der Konig. Preuss. Akad. der Wissenschaften zu Berlin.

Nos. XXVI to XXXVIII. 8° Berlin, 1893. The Academy.

„ Abhandlungen der Koniglich Preussischen Geologischen Landesanstalt.

Neue Folge, Heft 2 and Atlas; Heft 9, theilll; and Heft 12—15. 8°

Berlin, 1892. The Institute.

„ Abhandlungen zur geologischen specialkarte von Preussen und den Thurin-

gischen Staaten. Band IX, heft 4 to X, heft 5. 8° Berlin, 1892-1893.

The Institute.

„ Jahrbuch der Koniglich Preussischen Geologischen Landesanstalt und Berga-

kademie zu Berlin. Band XIII. 8° Berlin. 1893. The Institute.

„ Verhandlungen der Gesellschaft fur Erdkunde zu Berlin. Band XXI, No. 6.

8° Berlin, 1894.

Bombay.—Journal of the Bombay Natural History Society. Vol. VIII, No. 3. 8°

Bombay, 1894. Thb Society.

Bordeaux.—Actes de la Societe1 Linneennede Bordeaux. 7°* serie, Tome V. 8° Bor

deaux, 1893. The Society.

Boston.—Geology of the Boston Basin. Vol. I, part I. 8° Boston, 1893.

Boston Society op Natural History.

„ Memoirs of the Boston Society of Natural History. Vol. IV, No. 11. 40

Boston, 1893. Thb Society.

„ Proceedings of the Boston Society of Natural History. Vol. XXVI, part I.

8° Boston, 1893. The Society.

„ Proceedings of the American Academy of Arts and Sciences. New series,

Vol. XX. 8e Boston, 1894. Thb Academy.

Brbslau.—Jahresbericht der Schlesischen Gesellschaft fur Vaterlandische Cultur.

No. 71. 8° Breslau, 1894. Thb Society.

Brussels.—Bulletin de la Societe Royale Beige de Geographic Annee XVIII, No. 1.

8° Bruxelles, 1894. Thb Society.

Budapest.—Termeszetrajzi Fiizetek. Vol. XVII, Nos. 1-2. 8°. Budapest, 1894.

Thb Hungarian National Museum.

Bubnos Aires.—Boletin de la Academia Nacional de Ciencias en Cordoba. Tome

XII, No. i. 8° Buenos Aires, 1890. The Academy.

Caen.—Memoires de la Societe Linneenne de Normandie. Vol. VIII, fasc. 1. 4*

Caen, 1891 The Society.

Calcutta.—Journal of the Asiatic Society of Bengal. Vol. LXIII, Part I, Nos. 1-2,

and Part II. 8° Calcutta, 1894. Thb Society.

„ Proceedings of the Asiatic Society of Bengal. Nos. 5—7. 8° Calcutta,

1894. The Society.

„ Proceedings and Journal of the Agricultural and Horticultural Society of

India. Vol. X. 8° Calcutta, 1894. The Socibty.

„ Records of the Geological Survey of India. Vol. XXVII, part 3, 8°

Calcutta, 1894. Geological Survey op India.

„ Survey of India Department Notes for May to August 1894. Flsc.

Calcutta, 1894. Survby op India Department.
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Cassel.—Bericht des Vereins fur Naturkunde zu Kassel. No. 39. 8° Kassel, 1894.

The Society.

Cincinnati.—Journal of the Cincinnati Society of Natural-History. Vol. XVI, Nc.4.

8° Cincinnati, 1894. The Society.

Copenhagen.—Oversigt over det Kongelige Danske Videnskabernes Selskabs For-

handlinger. Nos. 3 (1893) and 1 {1894). 8° Kobenhaven, 1893—

1894. The Academy.

Des moinbs.—First Annual Report of the Iowa Geological Survey. Vol. I for 1892.

8° Des Moines, 1894. The Survey.

Dublin.—Proceedings of the Royal Irish Academy. Vol. Ill, No. 2. 8° Dublin,

1894. The Academy.

„ Transactions of the Royal Irish Academy. Vol. XXX, part 12. 40 Dublin,

1894. The Academy.

„ Scientific Proceedings of the Royal Dublin Society. Vol. VII. part 5, and

VIII, parts 1—2. 8° Dublin, 1893. The Socibty.

„ Scientific Transactions of the Royal Dublin Society. Series II, Vol. IV, No.

14, and V, Nos. 1—4. 40. Dublin, 1894. Thb Society.

Edinburgh.—The Scottish Geographical Magazine. Vol. X, Nos. 7—9. 8° Edinburgh,

1894. The Society.

Glasgow.—Glasgow University Calendar for 1894-95. 8°. Glasgow, 1894.

The University.

Gottingbn.—Nachrichten von der Konigl. Gesellschaft der Wissenschaften zu

Gottingen. Mathematisch—physikalische Klasse, No. 2, and Geschaft-

liche Mittheilungen, No. 1. 8° Gottingen, 1894.

The Society.

Halle.—Katalog der Bibliothek der Kaiserlichen Leopoldinisch—Carolinischen

Deutschen Akademie der Naturforscher. Band II, lief. 1. 8° Halle,

1893. Thb Acadbmy.

„ Leopoldina. Heft XXVIII. 40. Halle, 1892. The Academy.

„ Nova Acta Academiae Caesareae Leopoldino—Carolinae Germanicae Naturae

Curiosorum. Tome LVII—LVIII. 40 Halle, 1892-1893.

Thb Academy.

Havre.—Bulletin de la Socie'te' Geologique de Normandie. Annees 1887— 1889, Tome

XIII. 8° Havre, 1890. The Socibty.

Konigsbbrg.—Schriften der Physikalisch—okonomischen Gesellschaft. Jahrg. XXXIV.

40. Konigsberg, 1894. The Society.

Lausannb.—Bulletin de la Soci&e1 Vaudoise des Sciences Naturelles. 30" sirie. Vol.

XXX, No. 114. 8° Lausanne, 1894. The Society.

London.—Catalogue of the Mesozoic Plants in the Department of Geology, British

Museum. Part I. 8° London, 1894. The Museum.

„ Journal of the Chemical Society. Nos. 297—349 (1887—1891); and 379—

381 (1894). 8° .London, 1887—1891 and 1894.

„ Journal of the Iron and Steel Institute. Vol. XLIV. 8° London, 1894.

The Institute.

„ Journal of the Society of Arts, Vol. X LI I, Nos. 2169—2181. 8° London,

1894. Thb Society.
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Lohdow.—Philosophical Transactions of the Royal Society of London. Vol. 184, parts

A and B ; and List of Fellows. 4° London, 1894. The Society.

„ Proceedings of the Royal Society. Vol LV, Nos. 331 and 333. 8°

London, 1894. The Society.

„ Proceedings of the Zoological Society of London. Part II. 8° London,

1894. The Society.

„ Quarterly Journal of the Geological Society. Vol. L, part 3. 8° London,

1894. The Society.

„ Report of the 63rd Meeting of the British Association for the advancement

of Science held at Nottingham in September 1893. 8° London, 1894.

„ The Geographical Journal. Vol. IV, Nos. 1—3. 8° London, 1894.

Royal Geographical Society.

Madrid.—Boletin de la Sociedad Geograpfica de Madrid. Tome XXXVI, Nos 5—8.

8° Madrid, 1894. Thb Society.

Manchester.—Memoirs and Proceedings of the Manchester Literary and Philosophi

cal Society. Vol. VIII, No. 2. 8e Manchester, 1894. The Society.

Melbourne.—Annual Report of the Secretary for Mines, Victoria, during 1893. Flsc.

Melbourne, 1894. Department of Mines, Victoria.

Moscow.—Bulletin de la Societe Imperiale des Naturalistes de Moscow. Annee1 1894,

No. 1. 8° Moscou, 1894. The Society.

Munich.—Abhandlungen der Math. Phys. Classe der Konig. Bayerische Akademie der

Wissens. Band XVIII, Abth. I. 40 Munich, 1893. The Academy.

„ Sitzungsberichte der Mathematisch-physikalischen classe der K. b. Aka

demie der Wissenschaften Band XXII, heft 3 (1892), and XXIII,

heft 1-2 (1893). 8° Munchen, 1893. The Academy.

Naples.— Rendiconto dell' Accademia delle Scienze Fisiche E Materaatiche. Series II,

Vol. VIII, fasc. 3-7. 40 Napoli, 1894. The Academy.

New York.—Annals of the New York Academy of Sciences. Index to Vol. VI ;

Vol. VII, Nos. 6—12, and VIII, Nos. 1—3. 8° New York, 1893-1894.

Thb Academy.

„ Transactions of the New York Academy of Sciences. Vol. XII. 8°

New York, 1892-93. The Academy.

Newcastle-upon-Tyne.—An account of the strata of Northumberland and Durham

as proved by borings and sinkings S-T. 8° Newcastle-upon-Tyne,

1894. The Institutb.

„ Transactions of the North of England Institute of Mining

and Mechanical Engineers. Vol. XLIII, parts 2—5. 8° Newcastle-

upon-Tyne, 1893. The Institutb.

Paris.—Annales des Mines. 9°" se*rie, Tome IV, livr. 12, and V, livr. 2—6. 8° Paris,

1893. Department of Mines, Paris.

„ Annuaire Geologique Universel. Tome IX, fasc. 4, and X, fasc. 1. 8° Paris,

1894. Tbb Editor.

„ Bulletin de la Society de Geographic 7°" serie, Tome XV, No. 1. 8° Paris,

1894. Thb Society.

„ Comptes Rendus des Seances de la Society de Geographic. Nos. 13-14. 8°

Paris, 1894. Thb Socibty.
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Paris.—Bulletin de la Societe Geologique de France. 3°" serie, Tome XXI, Nos. 2 and

4—7, and XXII, Nos. 1—4. 8° Paris, 1894. Thb Socibtt.

„ Memoires de la Societe Geologique de France. Paleontologie. Tome IV, fasc 1.

4° Paris, 1893. Thb Socibtt.

„ Bulletin de la Societe Mineralogique de France. Tome XVI, Nos. 1—8, and

XXVII, Nos. 1-5. 8° Paris, 1893.

„ Ministere des Travaux Publies Carte Geologique de la France et des Topo

graphies Soutteraines. 8° Paris, 1893. Thb Ministry.

Philadelphia.—Journal of the Academy of Natural Sciences. 2nd series, Vol. X,

part 1. 40 Philadelphia, 1894. Thb Academy.

„ Proceedings of the Academy of Natural Sciences. Part HI. 8° Phi-

ladelphia, 1894. The Academy.

„ Journal of the Franklin Institute. Vol. CXXXVII, No. 6; aod

CXXXVIII, Nos. 1-2. 8° Philadelphia, 1894. The Institute.

„ Proceedings of the American Philosophical Society. Vol. XXXI,

Nos. 142 and 144. 8° Philadelphia, 1894. Thb Society.

Pisa.—Atti della Societa Toscana di Scienze Naturali. Processi Verbali. Vol. IX,

pp. 63—132. 8° Pisa, 1894. The Society.

Rochester.—Bulletin of the Geological Society of America. Vol. IV, pp- 1—457. 8*

Rochester, 1893. The Society.

Rome.—Atti della Reale Accademia dei Lincei. Rendiconti, Sene V, Semestre I, Vol.

III, fasc. 9—12, and Semestre II, Vol. Ill, fasc. 1—4. 8° Roma, 1894.

The Acadbmy.

San Francisco.—Occasional papers of the California Academy of Sciences. Vol.

IV. 8° San Francisco, 1893. The Academy.

„ Proceedings of the California Academy of Sciences. Vol. III. 8°

San Francisco, 1893. The Academy.

Springfield.—Bulletin of the Illinois State Museum of Natural History. No. 3. 8°

Springfield, 1893. Thb Museum.

Stockholm.—Forteckning i Kongl. Svenska Vetenskaps Akademiens. Af Ewald

Ahrling. 8° Stockholm, 1885. The Acadbmy.

„ Lefnadsteckningar of ver Kongl. Svenska Vetenskaps Akademiens.

Band III, hafte 1. 8° Stockholm, 1 891. The Acadbmy.

„ Meteorologiska Iakttagelser iSverige. Serien 2 A., Band XVII. 40

Stockholm, 1889. Thb Academy.

„ Ofversigt af Kongl. Vetenskaps Akademiens Forhandlingar. Vols. XLVI

to L. 8° Stockholm, 1893. The Academy.

Stuttgart.—Jahreshefte des Vereins Kir VaterlSndische Naturkunde in Wurttemberg.

Jahrg. L. 8° Stuttgart, 1894.

Sydnby.—Journal and Proceedings of the Royal Society of New South Wales. Vol.

XXVII. 8° Sydney, 1894. Thb Society.

„ Memoirs of the Geological Survey of New South Wales. No. 5. 40

Sydney, 1884. The Survey.

„ Records of the Geological Survey of New South Wales. Vol. IV, part

1 1 and Contents and Index to Vol. HI. 8° Sydney, 1894.

The Survey.

34



PART 4.J Additions to the Library.

Titles of Books. Donors,

Sydney.—Proceedings of the Linnean Society of New South Wales. 2nd series,

Vol. VIII, part 4. 8° Sydney, 1894. Thb Socibty.

„ Report of the Trustees of the Australian Museum for 1893. F'sc-

Sydney, 1893. Thb Museum.

Torio.—Mittheilungen der Deutschen Gesellschaft fur Natur und Vfilkerkunde Osta-

siens in Tokio. Band VI, Supplement heft I ; and heft 54. 40 Tokio,

1894. The Socibty.

Turin.—Alti della R. Accademia delle Scienze di Torino. Vol. XXIX, disp. 5—9.

8° Torino, 1893-1894. Thb Academy.

„ Memorie della Reale Accademia delle Scienze de Torino, and series, Tome

XLIII. 4° Torino, 1893. Thb Academy.

9 Osservazioni Meteorologiche fatte nell' anno 1893 all' Osservatorio della R.

Universita di Torino. 8° Torino, 1894. Thb Academy.

Vienna.— Abhandlungen der K. K. Geologischen Reichsanstalt. Band XV, heft 4-5,

and XVII, heft 3. 40 Wien, 1893. The Institute.

„ Jahrbuch der Kais. Konig. Geologischen Reichsanstalt. Jahrg. 1893,

Band X LIU, heft 1-2. 8° Wien, 1893. Thb Institutb.

„ Verhandlungen der K. K. Geologischen Reichsanstalt. Nos. 5—9. 8°

Wien, 1894. The Institutb.

„ Denkschriften der Kaiserlichen Akademie der Wissenschaften. Band LIX.

4° Wien, 1892. The Academy.

„ Register zu den Banden 97 bis 100 der Sitzungsberichte der Mathematisch—

Naturwissenschaftlichen classe der Kaiserlichen Akademie der Wis

senschaften. 8° Wien, 1892. The Academy.

„ Sitzungsberichte der Kais. Akademie der Wissenschaften.

Band CII, Abth Ha, heft 1—7.

» „ » lib, „ 1—7.

„ „ „ 1 1 lb, „ 1—7. 8° Wien, 1893. The Academy.

Washington.—Twelfth Annual Report of the United States Geological Survey,

1889-1890. Parts I and II. 8° Washington, 1891. The Survey.

„ Bulletin of the United States National Museum. No. 43. 8* Wash

ington, 1894. The Museum.

„ Report of the United States National Museum for the year ending 30th

June 1891. 8° Washington, 1892. The Museum.

„ Memoirs of the National Academy of Sciences. Vol. VI. 40 Wash

ington, 1893. The Academy.

„ Smithsonian Contributions to Knowledge. No. 884. The Internal

work of the wind by S. P. Langley. 4° Washington, 1894.

The Institute.

Wellington.—Transactions and Proceedings of the New Zealand Institute. Vol.

XXVI. 8" Wellington, 1894. Thb Institute.

Yokohama.—The Seismological Journal of Japan. Vol. III. 8° Yokohama, 1894.

The Society.

„ Transactions of the Asiatic Society of Japan. Vol. XII, part I. 8° Yoko

hama, 1894. The Society.

B
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Zurich.—Neujahrsblatt herausgegeben von der Naturforschenden Gesellschaft. Jahrg-

1890, No. 92. 8° Zurich, 1890. The Societt.

„ Vierteljahrschrift der Naturforschenden Gesellschaft. Jahrg. XXXIV, heft

3-4; XXXV, heft 1—4; XXXVI, heft 1-2; and XXXIX, heft 2.

8°. Zurich, 1894. The Socibtt.

MAP.

Berghaus, Dr. Hermann.—Atlas der Geologie. Flsc. Geotha, 1892.

Gowrnircnt of India Central Printing Office.— No. a o D. G. Surrey.- 13-1 1-94.-SJO.
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THE GEOLOGICAL SURVEY OE INDIA.

Vol. XXVII, Part i.

1894.

CONTENTS.

Annual Report op the Geological Survey op India, and op the Geolocical

Museum, Calcutta, for the year 1893 .

Report on the Bhaganwala Coal Field, Salt Range, Punjab, by Tom. D. LaTouche, B.A.,

Deputy Superintendent, Geological Survey of India. (With map and 2 plates)

Tri-monthly Notes

Donations to the Museum.

Additions to the Library.

GEOLOGICAL SURVEY OF INDIA.

Director.

William Kino, B.A., D.Sc. (honoris causd), Royal University (late Quean's), Ireland; Fellow

of the Calcutta and Madras Universities.
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Theodore W. Hughes Hughes, C.E., A.R.S.M., F.G.S.

C. L. Griesbach, C.I.E., F.G.S.

R. D. Oldham, A.R.S.M., F.G.S.

Deputy Superintendents.

Tom D. La Touchb, B.A. (Cantab.): P. N. Bos«, B.Sc. (London), F.G.S.: C S

Middlemiss, B.A. (Caatab.): H. Warth, Ph.D.
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P. N. Datta, B.Sc. (London), F.G.S.: T. H. Holland, A.R.C.S.: W. B. D. Edwards,

A.R.C.S. : F. H. Smith, A.R.C.S.

Paleontologist.

Fritz Noetling, Ph.D. (Berlin).
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Hira Lal: Kishen Singh.
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E. H. Webb. H. B. W. Garrick.
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MEMOIRS OF THE GEOLOGICAL SURVEY OF INDIA.

Vol. I. Royal 8vo, pp. 309, 1839 (out of print).* Pt. 1, 1856 (price 1 Re.) : Preliminary

notice on the Coal and Iron of Talchir.—On the geological structure and

relations of the Talchir Coal-field.-^Gold-yielding deposits of Upper Assam.—

On specimens of gold and gold dust from Shug-gween. Pt. 2, 1858 (price

2 Rs.) : On the geological structure of a portion of the Khasi Hills.—On the geo

logical structure of the Nilghiri Hills (Madras). Pt. 3, 1859 {price 2 Rs.) : On

the geological structure and physical features of the Districts of Bankura,

Midnapore, and Orissa.—On the laterite of Orissa. On some fossil fish-teeth

of the genus Ceratodui, from Maledi, south of Nagpur.

Vot. II. Royal 8vo, pp. 341, 1859 (gut of print).* Pt. 1, i860 (price aRs.): On the

Vindhyan Rocks, and their associates in Bundelkand. Pt 2, i860 (price 3 Rs.):

On the geological structure of the central portion of the Nerbudda District.—

On the tertiary and alluvial deposits of the central portion of the Nerbudda

Valley.—On the geological relations and probable geological age of the several

systems of rocks in Central India and Bengal.

Vol. III. Royal 8vo, pp. 438. Pt. 1, 1863 (price 3 Rs.) (out of print).* On the geological

structure and relations of the Raniganj Coai-field.—Additional remarks on the

geological relations and probable geological age of the several systems of rocks

in Central India and Bengal.—Indian Mineral Statistics, I. Coal. Pt. 2, 1864

(price 2 Rs.) : On the Sub-Himalayan Ranges between the Ganges and Ravi.

Vol. IV. Royal 8vo, pp. 450. Pt. 1, 1863 (price 2 Rs.): Report on the Cretaceous Rocks

of Trichinopoly District, Madras. Pt. 2, 1864 (price 2 Rs.) (out efprint):* On

the structure of the Districts of Trichinopoly, Salem, &c. Pt. 3, 1865 (price

1 Re.) : On the Coal of Assam, 4c.

Vol. V. Royal 8vo, pp. 354. Pt. I, 1865 (price 3 Rs.) (our of print):* Sections across

N.-W. Himalaya, from Sutlej to Indus.—On the Gypsum of Spiti. Pt. 2, 1866

(price I Re.) : On the Geology of Bombay. Pt. 3, 1866 (price 1 Re.) : (out of

print).* On the Jheria Coal-field.—Geological Observations on Western Tibet.

Vol. VI. Royal 8vo, pp. 39s. Pt. I, 1867 (price 8 As.): On the Neighbourhood of Lynyan,

4c, in Sind.—Geology of a Portion of Cutch. Pt. 2, 1867 (price 2 Rs.)

(out of print):* Bokaro Coal-field.—Ramgarh Coal-field.—Traps of Western

and Central India. Pt. 3, 1869 (price a Rs. 8 As.): Tapti and Nerbudda

Valleys.—Frog-beds in Bombay—Oxyglossus pusillus.

Vol. VII. Royal gvo, pp. 342. Pt. :, 1869 (price 3 Rs.) : Vindhyan Series.—Mineral Sta

tistics.—Coal.—Shillong Plateau. Pt. 2, 1870 (price 1 Re.): Karharbari Coal

field.— Deoghar Coal-field. Pt. 3, 1871 (price 1 Re.): Aden water-supply.—

Karanpura Coal-fields.

Vol. VIII. Royal 8vo, pp. 3S3- Pt- i. 1872 (price 4 Rs.): On the Kadapah and Karnul

Formations in the Madras Presidency. Pt. 2, 1872 (price 1 Re.): Itkhuri Coal

field.— Daltonganj Coal-field.—Chope Coal-field.

Vol. IX. Royal 8vo, pp. iv, 358. Pt. 1, 1872 (price 4 Rs.) : Geology of Kutch. Pt. 2, 187a

(price 1 Re.) : Geology of Nagpur.—Geology of Sirban Hill.—Carboniferous

Ammonites, pp. 65.

Vol. X. Royal 8vo. pp. 359. Pt. 1 (price 3 Rs.) : Geology of Madras.—Satpura Coal-

basin. Pt. 2, 1874 (price 2 Rs.) : Geology of Pegu.

Vol. XI. Royal 8vo, pp. 338. Pt. 1, 1874 (price 2 Rs.): Geology of Darjiling and Western

Duars. Pt. 2, 1876 (price 3 Rs.) : Salt-region of Kohat, Trans-Indus.

Vol. XII. Royal 8vo, pp. 363. Pt. i, 1877 (price 3 Rs.) : South Mahratta Country. Pt. a,

1876 (price 2 Rs.) : Coal-fields of the Naga Hills.

Vol. XIII. Royal 8vo, pp. 248. Pt.i, 1877 (price 2 Rs. 8 As.): Wardha Valley Coal-field.

Pt. 2, 1877 (price 2 Rs. 8 As.): Geology of the Rajmahal Hills.

Vol. XIV. Royal 8vo, pp. 313, 1878. Geology of the Salt-range in the Punjab.

Vol. XV. Royal 8vo, pp. 192. Pt. 1, 1878 (price 2 Rs. 8 As.) : Geology of the Aurunga and

Hutar Coal-fields (Palamow). Pt. 2, 1880 (price 2 Rs. 8 As.); Ramkola and

Tatapani Coal-fields (Sirguja).

Vol. XVI. Royal 8vo, pp. 264. Pt. 1, 1879, (price 1 Re. 8 As.): Geology of Eastern Coast

from Lat. 15° to Masulipatam. Pt. 2, 1880 (price 1 Re. 8 As.) : The Nellor«

Portion of the Carnatic. Pt. 3, 1880 (price 2 Rs.) : Coastal Region of the

Godivari District.

VOL. XVII. Royal 8vo, pp. 305. Pt. 1, 1879 (price 3 Rs.) : Geology of Western Sind, Pt. a,

1880 (price 2 Rs.) : Trans-Indus extension of the Punjab Salt-range.

Vol. XVIII. Royal 8vo, pp. 300. Pt. 1, 1881 (price 2 Rs.) Southern Afghanistan. Pt. 3,

1881 (price l Re. 8 As.) (out of print).* Manbhum and Singhbhum, Pt. 3,

1881 (price 2 Rs.) : Prinhita-Godavari Valley.
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THE GEOLOGICAL SURVEY OF INDIA.

Vol. XXVII, Part 3.

1894.

CONTENTS,

Paoi

On the Cambrian Formation of the Eastern Salt Range. By Dr. Fritz Noetlins,

F.G.S., Palaeontologist, Geological Survey of India. (With a plate) . 71

The Giridih (Karharbari) Coal-field, with notes on the labour and methods of working

coal. By Walter Saisk, D.Sc, (Lond.), F.G S , A.R.S.M , Mem. Inst., Civ.

Engineers, Manager, E. I. R. Collieries. (With 2 maps and 8 plates of sections) . 86

On the Occurrence of Chipped (?) Flints in the Upper Miocene of Burma. By Dr.

Fritz Nortlinq, F.G.S., Palaeontologist, Geological Survey of India. (With a plate) 101

Note on the Occurrence of Velates Schmideliana, Che.nn., aud Provelates grandis,

Sow. sp., in the Tertiary Formation of India and Burma. By Dr. Fritz Noetling,

F.G.S., Palaeontologist, Geological Svrvey of India. (With 2 plates) . . , 103

Tri-monthly Notes 109
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Additions to the Library.
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Vol. IV, pt. i, 1886. Siwalik Mammalia (Supplement l), pp. 18, pis. 6.

„ „ „ 3, 1886. The Fauna oi the Karnul caves : (and addendum to Pt. 1) ; pp. 40 (tf>-

58), pis. 5(vii-«i)-

.• 11 11 3. ,887- Eocene Chelonia from the Salt-range; pp. 7 (59-65), pis. 3 (xii-xni).

(Sm. VII, XIV.)- TERTIARY AND UPPER CRETACEOUS FAUNA OF WESTERN

INDIA, by P. MARTIN DUNCAN and W. PERCY SLADEN, except Pt. i, by

F. STOLICZKA.

Vot. I, pp. 16 + IIO + 383 + 91 - 599, pis. 5 + 3g + 58 + 13 =» 104. 1871—85. Pt. I;

Tertiary Crabs from Sind and Kach. Pt. 1 (new 3 ) ; Sind Fossil Corals and

Aleyonaria. Pt. 3. The Fossil Echinoidea of Sind : Fas. 1, The Cardita

beaumonti beds; Fas. 2, The Ranikot Series in Western Sind; Fas. 3, The

Khirthar Series; Pas. 4, The Nari (Oligocene) Series; Fas. 5, The Gaj

(miocene) Series ; Fas. 6, The Makran (Pliocene) Serie*. Pt. 4, The

Fossil Echinoidea of Kach and Kattywar.

(Ssr. XIII.)-SALT-RANGE FOSSILS, by WILLIAM WAAGEN, Ph.D.

Productus-Limestone Group : Vol. I, pt. 1 (1879). Pisces, Cephalopoda, pp. 72, pis. 6.

„ 11 11 3 (1880). Gastropoda and supplement to pt. I, pp. ill

(73-183), pis. lo (1 double), (vii-xvi).

•i n 11 3 ('881). Pclecypoda, pp. 144. (185-338), pis. 8 (xvil-

xxiv).

11 11 11 4 (1883-85). Brachiopoda, pp. 443 (339-770). pis, 63

(xxvlxxxvi).

» 11 11 5 (1885). Bryozoa—Annelidse—Echinodermata, pp. 64

(77 1-834), pis. 10 (Ixxxvii-xcvi).

u 11 11 6 (1886). Ccelenterata, pp. 90 (835-924), pis. 30 (xevii-

cxvi).

11 ii ii 7 (1887). Ccelenterata, Protozoa, pp. 74 (935-98), pis.

13 (cxvii-cxxviii).

Geological Results: Vol. IV, pt. 1 (1889), pp. 1—88, pis. 4.

>i ii it 11 ■ 3 (1891), pp. 89-343, pis. 8.

The price fixed for these publications is 4 annas (6 pence) per single plate.

RECORDS OF THE GEOLOGICAL SURVEY OF INDIA.

Vol. I, 1868.

Part 1.—Annual report for 1867. The coal-seams of the Tawa valley. On the prospects of

useful coal being found in the Garrow Hills. Copper in Bundelcund. Meteorites.

Part 2.—On the coal-seams of the neighbourhood of Chanda. Coal near Nagpur. Geological

notes on the Surat collectorate. The cephalopodous fauna of the South Indian cretaceous

deposits. Lead in the district of Raepore. Coal in the Eastern Hemisphere. Meteorites.

Part 3.—General results obtained from an examination of the gastropodous fauna of the South

Indian cretaceous deposits. Notes on route from Poona to Nagpur viil Ahmednuggur,

Jalna, Loonar, Yeotmahal, Mangali, and Hingunghat. On the agate-flake found by Mr.

Wynne in the pliocene (?) deposits of the Upper Godavery. The boundary of the Vin-

dhyan series iu Rajputana. Meteorites.

Vol. II, 1869.

Part 1.—The valley of the Poorna river, west Berar. On the Kuddapah and Kurnool forma

tions. Geological sketch of the Shillong plateau. On the occurrence of gold in the

district of Sinebhoom, ic. Memorandum on the wells now being sunk at the European

Penitentiary, and at the site for the Central Jail, Hazareebagh. Meteorites.

Part 2.—Annual report for 1868. Note on Pangshura tecta and the other species of Chelonia

from the newer tertiary deposits of the Nerbudda valley. Sketch of the metamorphic

rocks of Bengal.

Part 3.—Preliminary notes on the geology of Kuteh, Western India. Contributions to the

geology and physical geography of the Nicobar Islands.

Part 4.—On the beds containing silicified wood in Eastern Prome, British Burma. Minera

logies! statistics of Kumaon division. The coal-field near Chanda. Lead in the Raipur

district. Meteorites.

Vol. HI, 1870.

Part 1.—Annua! report for 1869. On the geology of the neighbourhood of Madras. On the

alluvial deposits of the lrrawadi, more particularly as contrasted with those of the Ganges



 

Part 2 —G»olo£y of Gwalinr and vicinity. On the slates at Chiteli, Kumaon. On the lead

vein near Chicholi, Raipur district. The Wardha river coal-fields, Berar and Central

Provinces. Report on the coal at Korba in the Bilaspur district.

Part 3.—The Mohpani coal-field. On the lead-ore at Slimanabad, Jabalpur district. On the

occurrence of coal east of Chhatisgarh in the country between Bilaspur and Ranchi. On

petroleum in Burma. On the petroleum locality of Sudkal, near Futtijung, west of Rawal

pindi. On the occurrence of argentiferous galena and copper in the district of Manbhum.

S. W. Frontier of Bengal. Assays of iron ores.

Part 4.—On the geology of mount Tilla, in the Punjab. The copper deposits of Dalbhum

and Singbhum : 1. — The copper mines of Singbhum : 2.—On the copper of Dalbhum

and Singbhum. Meteorites.

Vol. IV, 1871.

Part 1.—Annual report for 1870. Enquiry into an alleged discovery of coal near Gooty, and of

the indications of coal in the Cuddapah district. Mineral statistics of the Kumaon divi

sion.

Part 2.—The axial group in Western Prome. Geological structure of the Southern Konkan.

On the supposed occurrence of native antimony in the* Straits Settlements. On the com

position ot a deposit in the boilers of steam-engines at Raniganj. On the plant-bearing

sandstones of the Godavari valley, on the southern extension of rocks belonging to the

Kamthi group to the neighbourhood of Ellore and Rajamandri, and on the possible occur

rence of coal in the same direction.

Part 3.—The progress and results of borings for coal in the Godavari valley near Dumagudem

and Bhadrachalam. On the Narbada coal-basin. Sketch of the geology of the Central

Provinces. Additional note on the plant-bearing sandstones of the Godavari valley.

Part 4.—The ammonite fauna of Kutch. The Raigur and Hengir (Gangpur) Coal-field. De

scription of the sandstones in the neighbourhood of the first barrier on the Godavari, and

in the country between the Godavari and Ellore.

Vol. V, 1872.

Bart 1.—Annual report for 1871. Rough section showing the relations of the rocks near

Murree (Mari), Punjab. Mineralogical notes on the gneiss of South Mirzapur and adjoin

ing country. Description of the sandstones in the neighbourhood of the first barrier on

the Godavari, and in the country between the Godavari and Ellore.

Part ».—On the geological formations seen along the coasts of Beluchistan and Persia from

Karachi to the head of the Persian Gulf, and on some of the Gulf Islands. On a traverse

of parts of the Kummummet and Hanamconda districts in the Nizam's Dominions. The

geology of Orissa. On a new coal-field in the south-eastern part of the Hyderabad

(Deccan) territory.

Part 3.—On Maskat and Massandim on the east coast of Arabia. An example of local joint

ing. On the axial group of Western Prome. On the geology of the Bombay Presidency.

Part 4.—On exploration for coal in the northern region of the Satpura basin. On the value of

the evidence afforded by raised oyster banks on the coasts of India, in estimating the

amount of elevation indicated thereby. On a possible field of coal-measures in the Goda

vari district, Madras Presidency. On the lameta or infra-trappean formation of Central

India. On some recently discovered petroleum localities in Pegu. Correction regarding

the supposed eozoonal limestone of Yeliam BUe.

Vol. VI, 1873.

Part 1,—Annual report for 1872. The geology of the North-West Provinces.

Part The llisrampur coal-field. Mineralogical notes on the gneiss of South Mirzapur and

adjoining country.
Part 3.— Notes on a celt found by Mr. Hacket in the ossiferous deposits of Narbada valley

(Pliocene of Falconer) : on the age of the deposits, and on the associated shells. On the

Barakars (coal-measures) in the Beddadanole field, Godavari district. On the geology of

parts of the Upper Punjab. Coal in India. The salt-springs of Pegu.

Part 4.—On some of the iron deposits of Chanda (Central Provinces ) Barren Islands and

Narkondam. Stray notes on the metalliferous resources of British Burma.

Vol. VII, 1874.

Part 1.—Annual report for 1873. On the geological structure of the hill ranges between the

Indus valley in Ladak and Shah-i-Dula on the frontier of Yarkand territory. On some

of the iron ores of Kumaon. On the raw materials for iron-smelting in the Raniganj

field. On the habitat in India of the elastic sandstone, or so-called Itacolumyte. Geolo

gical notes on part of Northern Hazaribagh.

Part J.—Geological notes on the route traversed by the Yarkand embassy from Shah-i-Dula

to Yarkhand and Kashgar. On the occurrence of jade in the Karakas valley, on the

southern borders of Turkistan. Notes from the Eastern Himalaya. Petroleum in Assam.

Coal in the Garo hills. On the discovery of a new locality for copper in the Narbada

valley. Potash-salt from East India, On the geology of the neighbourhood of Mari hill

station in the Punjab.



 

Part 3.—Geological observations made on a visit to the Chadcrkul, Thian Shan range. On

the former extension of glaciers within the Kangra district. On the building and orna

mental stones of India. Second note on the materials for iron manufacture in the Rani-

ganj coal-field. Manganese ore in the Wardha coal-field.

Part 4.—The auriferous rocks of the Dhambal hills, Dharwar district. Remarks on certain

considerations adduced by Falconer in support of the antiquity of the human race in India.

Geological notes made on a visit to the coal recently discovered in the country of the

Luni Pathans, south-east corner of Afghanistan. Note on the progress of geological

investigation in the Godavari district, Madras Presidency. Notes upon the subsidiary

materials for artificial fuel.

Vol. VIII, 1875.

Part t.—Annual report for 1874. The Altum-Artush considered from a geological point of

view. On the evidences of ' ground-ice ' in tropical India, during the Talchir period.

Trials of Raniganj fire-bricks.

Part 2 (out of print).*—On the gold-fields of south-cast Wynaad, Madras Presidency. Geolo

gical notes on the Khareean hills in the Upper Punjab. On water-bearing strata of the

Surat district. Sketch of the geology of Scindia's territories.

Part 3.—The Shahpur coal-field, with notice of coal explorations in the Narbada region.

Note on coal recently found near Moflong, Khasia Hills.

Part 4.—Note on the geology of"Nepal. The Raigarh and Hingir coal-fields.

Vot. IX, 1876.

Pari 1 (out of print).*—Annual report for 1875. On the geology of Sind.

Part 2.—The retirement of Dr. Oldham. On the age of some fossil floras in India. Descrip

tion of a cranium of Stegodon Ganesa, with notes on the sub-genus and allied form*.

Note upon the Sub-Himalayan series in the Jamu (Jummoo) Hills.

Part 3.—On the age of some fossil floras in India. On the geological age of certain groups

comprised in the Gondwana series of India, and on the evidence they afford of distinct

zoological and botanical terrestrial regions in ancient epochs. On the relations of the

fossiliferous strata at Maleri and Kota, near SiroDcha, C. P. On the fossil mammalian

faunae of India and Burma.

Part 4.—On the age of some fossil floras in India. On the osteology of Merycopotamns dis-

siniilis. Addenda and Corrigenda to paper on tertiary mammalia. Occurrence of

Plesiosaurus in Iudia. On the geology of the Pir Panjal and neighbouring districts.

Vol. X, 1877.

Part 1.—Annual report for 1876. Geological notes on the Great Indian Desert between Sind

and Rajputana. On the occurrence of the cretaceous genus Omphalia near Namcho lake,

Tibet, about 75 miles north of Lhassa. On Estheria in the Gondwana formation. Notices

of new and other vertcbrata from Indian tertiary and secondary rocks. Description of a

new Emydine from the upper tertiaries of the Northern Punjab. Observations on under

ground temperature.

Part 2.—On the rocks of the Lower Godavari. Onthe'Atgarh Sandstones' near Cuttack.

On fossil floras in India. Notices of new or rare mammals from the Siwaliks. On the

Arvali series in North-eastern Rajputana. Borings for coal in India. On the geology of

India.

Part 3.—On the tertiary zone and underlying rocks in the North-west Punjab. On fossil floras in

India. On the occurrence of erratics in the Potwar. On recent coal explorations in the

Darjiling district. Limestones in the neighbourhood of Barakar. On some forms of

blowing-machine used by the smiths of Upper Assam. Analyses of Raniganj coals.

Part 4.—On the geology of the Mahanadi basin and its vicinity. On the diamonds, gold, and

lead ores, of the Sambal pur district. Note on 'EryonComp. Barrovensis,' McCoy, from

the Sripermatur group near Madras. On fossil floras in India. The Blaini group and the

'Central Gneiss' in the Simla Himalayas. Remarks on some statements in Mr. Wynne's

paper on the tertiaries of the North-west Punjab. Note on the genera Chceromeryx and

Rhagatherinm.

Vol. XI, 1878.

Part /.—Annual report for 1877. On the geology of the Upper Godavari basin, between the river

Wardha and the Godavari, near the civil station of Sironcha. On the geology of Kashmii,

Kishtwar, and Pangi. Notices of Siwalik mammals. The palzontological relations of the

Gondwana system. On 'Remarks, &c, by Mr. Theobald upon erratics in the Punjab.'

Part 2.—On the geology of Sind (second notice). On the origin of the Kumaun lakes. On s

trip over the Milam Pass, Kumaun. The mud volcanoes of Ramri and Cheduba. On the

mineral resources of Ramri, Cheduba, and the adjacent islands.

Part j. — Note on the progress of the gold industry in Wynaad, Nilgiri district. Notes on tha

representatives of the Upper Gondwana series in Trichinopoly and Nellore-Kistna districts.

Senarmontite from Sarawak.

Part 4.—On the geographical distribution of fossil organisms in India. Submerged forest 00

Bombay Island.



 

Vol. XII. 1879.

Part 1.—Annual report for 1878. Geology of Kashmir (third notice). Further notices ot Siwalik

mammnlia. Notes on some Siwalik birds. Notes of a tour through Hangrang and Spiti.

On a recent mud eruption in Ramri Island (Arakan). On Braunite, with Rhodonite,

from near Nagpur, Central Provinces. Palseontological notes from the Satpura coal-basin.

Statistics of coal importations into India.

fart 2.—On the Mohpani coal-field. On Pyrolusite with Psilomelane occurring at Gosalpur,

Jabalpur district. A geological reconnoissance from the Indus at Kushalgarh to the Kurram

at Thai on the Afghan frontier. Further notes on the geology of the Upper Punjab.

Part 3.—On the geological features of the northern part of Madura district, the Pudukotai

State, and the southern parts of the Tanjore and Trichinopoly districts included within the

limits of sheet 80 of the Indian Atlas. Rough notes on the cretaceous fossils from Trichino

poly district, collected in 1877-78. Notes on the genus Sphenophyllum and other Equise-

taceae, with reference to the Indian form Trizygia Speciosa, Royle (Sphenophyllum Trizy-

gia Ung.). On Mysorin and Atacamite from the Nellore district. On corundum from the

Khasi Hills. On the Joga neighbourhood and old mines on the Nerbudda.

Part 4.—On the ' Attock Slates ' and their probable geological position. On a marginal bone vf

an undescribed tortoise, from the Upper Siwaliks, near Nila, in the Potwar, Punjab. Sketch

of the geology of North Arcot district. On the continuation of the road section from Murree

to Abbottabad.

Vol. XI!!, 1880.

Part I.— Annual report for 1879. Additional notes on the geology of the Upper Godaviri basi»

in the neighbourhood of Sironcha. Geology of Ladak and neighbouring districts, being

fourth notice of geology of Kashmir and neighbouring territories. Teeth of fossil fishes from

Ramri Island and the Punjab. Note on tho fossil genera N6ggerathia, Stbg., N6ggerathiop-

sis, Fstm., and Rhiptozamites, Schmalh., in palxozoicand secondary rocks of Europe, Asia,

and Australia. Notes on fossil plants from Kattywar, Shekh Budin, and Sirgujah. On volca

nic foci of eruption in the Konkan.

Part 3.—Geological notes. Palseontological notes on the lower trias of the Himalayas. On the

artesian wells at Pondicherry, and the possibility of finding such sources of water-supply at

Madras.

Part 3.—The Kumaun lakes. On the discovery of a celt of palaeolithic type in the Punjab. Paloe-

ontological notes from the Karharbari and South Rewah coal-fields. Further notes on the

correlation of the Gondwana flora with other floras. Additional note on the artesian wells at

Pondicherry. Salt in Rajputana. Record of gas and mud eruptions on the Arakan coast

on 12th March 1879 and in June 1843.

fart 4.— On some pleistocene deposits of the Northern Punjab, and the evidence they afford

of an extreme climate during a portion of that period. Useful minerals of the Arvali region.

Further notes 011 the correlation of the Gondwana flora with that of the Australian coal-

bearing system. Note on reh or alkali soils and saline well waters. The reh soils of Upper

India. Note on the Naini Tal landslip, 18th September 1880.

Vol. XIV, 1881.

Part l.—Annual report for 1880. Geology of part of Dardistan, Baltistan, and neighbouring

districts, being fifth notice of the geology of Kashmirand neighbouring territories. Note on

some Siwalik carnivora. The Siwalik group of the Sub-Himalayan region. On the South

Rewah Gondwana basin. On the ferruginous beds associated with the basaltic rocks of

north-eastern Ulster, in relation to Indian laterite. On some Rajmahal plants. Travelled

blocks of the Punjab. Appendix to ' Palseontological notes on the lower trias of the Hima

layas.' On some mammalian fossils from Perim Island, in the collection of the Bombay Branch

of the Royal Asiatic Society.

Part j.—The Nahan-Siwalik unconformity in the North-western Himalaya. On some Gondwana

vertebrates. On the ossiferous beds of Hundes in Tibet. Notes on mining records, and the

mining record office of Great Britain ; and the Coal and Metalliferous Mines Acts of 1872

(England). On cobaltite and danaite from the Khetri mines, Rajputana ; with some remarks

on Jaipurite (Syepoorite). On the occurrence of zinc ore (Smilhsonile and Blende) with

barytes, in the Karnul district, Madras. Notice of a mud eruption in the island of Cheduba.

Part 3.—Artesian borings in India. On oligoclase granite at Wangtu on the Sutlej, north-west

Himalayas. On a fish-palate from the Siwaliks. Palaeontological notes from the Hazaribagh

and Lohardagga districts. Undescribed fossil carnivora from the Siwalik bills in the cllec-

tion of the British Museum.

Part 4.— Remarks on the unification of geological nomenclature and cartography. On the geo-

logy of the Arvali region, central and eastern. On a specimen of native antimony ob

tained at Pulo Obin, near Singapore. On Turgite from the neighbourhood of Juggiapett

Kistnah district, and on zinc carbonate from Karnul, Madras. Note on the section

from Dalhousie to Pangi via the Sach Pass. On the South Rewah Gondwana basin.

Submerged forest on Bombay Island.



 

Vol. XV, 188a.

Ptrt /.—Annual report for 1881. Geology of North-west Kashmir and Khagan (being sixth

notice of geology of Kashmir and neighbouring territories). On some Gondwana laby-

rinthodonts. On some Siwalik and Jamna mammals. The geology of Dalhousie, North

west Himalaya. On remains of palm leaves from the (tertiary) Murree and Kasaali beda

in India. On Iridosmine from the Noa-Dibing river, Upper Assam, and oa platinum

from Chutia Nagpur. On (1) a copper mine lately opened near Yongri hill, in the Dar-

jiling district ; (2) arsenical pyrites in the same neighbourhood; (3) kaolin at Darjiiing

(being 3rd appendix to a report on the geology and mineral resources of the Darjiiing

district and the Western Duars). Analyses of coal and fire-clay from the Makum coal

field, Upper Assam. Experiments on the coal of Pind Dadnn Khan, Salt-range, with re

ference to the production of gas, made April 29th, 1881. Report on the proceedings and

results of the International Geological Congress of Bologna.

Part 2.— General sketch of the geology of the Travancore State. The Warkilli beds and re

ported associated deposits at Quilon, in Travancore. Note on some Siwalik and Narbada

fossils. On the coal-bearing rocks of the valleys of the Upper Rer and the Mand rivers ia

Western Chutia Nagpur. On the Pench river coal-field in Chhindwara district, Central

Provinces. On borings for coal at Engsein, British Burma. On sapphires recently dis

covered in the North-west Himalaya. Notice of a recent eruption from one of the mod

volcanoes in Cheduba.

Part 3.— Note on the coal of Mach (Much) in the Bolan Pass, and of Sharag or Sharigh oa

the Harnai route between Sibi and Quetta. New faces observed on crystals of stilbite from

the Western Ghats, Bombay. On the traps of Darang and Mandi in the North-westera

Himalayas. Further note on the connexion between the Hazara and the Kashmir series.

On the Umaria coal-field (South Rewah Gondwana basin). The Daranggiri coal-field. Garo

Hills, Assam. On the outcrops of coal in the Myanoung division of the Henzada district.

Pmtt 4.—On a traverse across some gold-fields of Mysore. Record of borings for coal at BedV

dadanol, Godavari district, in 1874. Note on the supposed occurrence of coal on the

Kistna.

Vol. XVI, 1883.

Part 1.—Annual report for 1882. On the genus Richthofenia, Kays (Anomia Lawrenciana,

Koninck). On the geology of South Travancore. On the geology of Chamba. On the

basalts of Bombay.

Part 3.—Synopsis of the fossil vertebrata of India. On the Bijori Labyrinthodont. On a skull of

Hippnlberiam antilopinum. On the iron ores, and subsidiary materials for the manufacture

of iron, in the north-eastern part of the Jabalpur district. On laterite and other mangan

ese ore occurring at Gosulpore, Jabalpur district. Further notes on the Umaria coal-field.

Part 3.—On the microscopic structure of seme Dalhousie rocks. On the lavas of Aden. On the

probable occurrence of Siwalik strata in China and Japan. On the occurrence of Mastodon

angustidens in India. On a traverse between Almora and Mussooree made in October 1882.

On the cretaceous coal-measures at Borsora, in the Khasia Hills, near Laour, in Sylnet.

Part 4.— Palasontotogiral notes from the Daltonganj and Hutar coal-fields in Chota Nagpur.

On the altered basalts of the Dalhousie region in the North-western Himalayas. On the

microscopic structure of some Sub-Himalayan rocks of tertiary age. On the geology of

jaunsar and the Lower Himalayas. On a traverse through the Eastern Khasia, Jaintia, and

North Cachar Hills. On native lead from Maulmain and chromite from the Andaman

Inlands. Notice of a fiery eruption from one of the mud volcanoes of Cheduba Island, Arakan.

Notice.—Irrigation from wells in the Norlh-Western Provinces nnd Oudh.

Vol. XVII, 1884.

Part 1.—Annual report for 1883. Considerations on the smooth-water anchorages or mud

banks of Narrakal and Alleppy on the Travancore coast. Rough notes on Billa Surgam and

other caves in the Kurnool district. On the geology of the Chuari and Sihonta parganai

of Chamba. On the occurrence of the genus Lyttonia, Waagen, in the Kuling series o

Kashmir.

Part 2.—Notes on the earthquake of 31st December 1881. On the microscopic structure of

some Himalayan granites and gneissose granites. Report on the Choi coal exploration. Oa

the re-discovery of certain localities for fossils in the Siwalik beds. On some of the mineral

resources of the Andaman Islands in the neighbourhood of Port Blair. The intertrappeaa

beds In the Deccan and the Laramie group in western North America.

Pari j.— On tbe microscopic structure of some Arvali rocks. Section along the Indus from the

Peshawar Valley to the Salt-range, Oo the selection of sites for borings in tbe Raigarb-

Hingir coal-field (first notice). Note on lignite near Raipore, Central Provinces. The Tin>

quoise mine* of NishSpfir, Khorassan. Notice of a further fiery eruption from the Minbyin

mud volcano of Chedu»a Island, Arakan. Report on the Langrin coal-field, South-west

Khasia Hills. Additional notes on the Umaria coal-field.

Pari 4.—On the geology of part of (he Gangasulan pargana of British Garhwal. On frag

ments of slates and schists imbedded in the gneissose granite and granite of the North*

west Himalayas. On the geology of the Takht-i-Suleman. On the smooth-water anchor

ages of the Travancore coast. On auriferous sands of the Subansiri river, Pondicherry

lignite, and Phosphatic rocks at Musurt. Work at the Billa Surgam caves.



 

Vol. XVIII, 1885.

1

fafl 1.—Annual report for 1884. On the country between the Singareni coal-field and the

Kistna river. Geological sketch of the country between the Singareni coal-field and Hy

derabad. On coal arid limestone in the Doigrung river, near Golaghat, Assam. Homo-

taxis, as illustrated from Indian formations. Afghan field-notes.

Port 2.—A foeslliferous series in the Lower Himalaya, Garhwal. On the probable age of the

Mandhali series in the Lower Himalaya. On a second species of Siwalik camel (Camelus

Antiquus, nobis ex Falc. and Caut. MS.). On the Geology of Chamba. On the probabi

lity of obtaining water by means of artesian wells in the plains of Upper India. Further

considerations upon artesian sources in the plains of Upper India. On the geology of the

Aka Hills. On the alleged tendency of the Arakan mud volcanoes to burst into eruption

most frequently during the rains. Analyses of phosphatic nodules and rock from Mus-

sooree.

Part 3.—On the geology of the Andaman Islands. On a third species of Merycopotamus.

Some observations on percolation as affected by current. Notice of the Pirthalla and

Chandpur meteorites. Report on the oil-wells and coal in the Thayetmyo district, British

Burma. On some antimony deposits in the Maulmain district. On the Kashmir earth

quake of 30th May 1885. On the Bengal earthquake of 14th July 1885.

Part 4.—Geological work in the Chhattisgarh division of the Central Provinces. On the Bengal

earthquake of July 14th, 1885. On the Kashmir earthquake of 30th May 1885. On the

results of Mr. H. B. Foote's further excavations in the Billa Surgam cares. On the

mineral hitherto known as Nepaulite. Notice of the Sabetmahet meteorite.

Vol. XIX, 1886.

Part f.—Annual report for 1885. On the International Geological Congress of Berlin. On

some Palaeozoic Fossils recently collected by Dr. H. Warth, in the OVm group of the Salt-

range. On the correlation of the Indian and Australian coal-bearing beds. Afghan and

Persian Field notes. On the section from Simla to Wangtu, and on the petrological cha

racter of the Amphibolites and Quartz-Diorites of the Sutlej valley.

Part ».—On the geology of parts of Bellary and Anantapur districts. Geology of the Upper

Dehing basin in the Singpho Hills. On the microscopic characters of some eruptive rocks

from the Central Himalayas. Preliminary note on the Mammalia of theKarnul Caves. Me

morandum on the prospects of finding coal in Western Rajputana. Note on the Olive

Group of the Salt-range. On the discussion regarding the boulder-beds of the Salt-range.

On the Gondwana Homotaxis.

Part j.— Geological sketch of the Vizagapatam district, Madras. Preliminary note on the

geology of Northern Jesalmer. On the microscopic structure of some specimens of the

Malani rorks of the Arvali region. On the Malanjkhandi copper-ore in the Balaghat dis

trict, C. P.

Part 4.—On the occurrence of petroleum in India. On the petroleum exploration at Khatan.

Boring exploration in the Chhattisgarh coal-fields. Field-notes from Afghanistan 1 No. 3,

Turkistan. Notice of a fiery eruption from one of the mud volcanoes of Cheduba Island,

Arakan. Notice of the Nammianthal aerolite. Analysis of gold dust from the Meza val

ley, Upper Burma.

Vol. XX, 1887.

Paitt.—Annual report for 1886. Field-notes from Afghanistan: No. 4, from Turkistan to

India. Physical geology of West British Garhwal ; with notes on a route traverse through

Jaunsar-Bawar and Tiri-Garhwal. On the geology of the Garo Hills. On some Indian

image-stones. On soundings recently taken off Barren Island and Narcondam. On a

character of the Talchir boulder beds. Analysis of Phosphatic Nodules from the Salt-

range, Punjab.

Part 2.—The fossil vertebrata of India. On the Echinoidea of the cretaceous series of the

Lower Narbada Valley, with remarks upon their geological age. Field-notes : No. 5—t*

accompany a geological sketch map cf Afghanistan and North-eastern Khorassan. On

the microscopic structure of some specimens of the Rajmahal and Deccan traps. On the

Dolerite of the Chor. On the identity of the Olive series in the east with the speckled

sandstone in the west of the Salt-range in the Punjab.

Put 3.—The retirement of Mr. Medlicott. Notice of J. B. Mushketoff's Geology of Russian

Turkistan. Crystalline and metamorphic rocks of the Lower Himalaya, Garhwal, and Kn-

maun, Section I. Preliminary sketch of the geology of Simla and Jutogh. Note on the

'Lalitpur' meteorite.

Part 4.—Note on some points in Himalayan geology. Crystalline and metamorphic rocks of

the Lower Himalaya, Garhwal, and Kumaun, Section II. The iron industry of the western

portion of the district of Raipur. Notes on Upper Burma. Boring exploration in the

Chhattisgarh coal-fields. (Second notice.) Some remarks on Pressure Metamorphism,

with reference to the foliation of the Himalayan Gneissose-Granite. A list and index

of papers on Himalayan Geology and Microscopic Petrology, published in the preceding

volumes of the Records of the Geological Survey of India.



 

Vou XXI, 1888.

Parti.—Annual report for 1887. Crystalline and metamorphic rocks of the Lower Himalaya,

Garhwal, and Kumaun, Section III. The Birds'-nest or Elephant Island, Mergui Archipe

lago. Memorandum on the results of an exploration of Jessalmer, with a view to the

discovery of coal. A facetted pebble frcm the boulder bed ('speckled sandstone') of

Mount Chel in the Salt-range in the Punjab. Examination of nodular stones obtained

by trawling off Colombo.

Part a.—Award of the Wollaston Gold Medal, Geological Society of London, 1888. The Dhar-

war System, the chief auriferous rock series in South India. On the Igneous rucks of the

districts of Raipur and Balaghat, Central Provinces. On the Sangar Marg and MchowgaU

coal-fields, Kashmir.

Part 3.—The Manganese Iron and Manganese Ores of Jabalpur. 'The Carboniferous Glacial

Period.' The sequence and correlation of the pre-tertiary sedimentary formations of th«

Simla region of the Lower Himalayas.

Part 4.—On Indian fossil vertebrates. On the geology of the North-west Himalayas. Oa

blown-sand rock sculpture. Re-discovery of Nummulites in Zanskar. On some mica-

traps from Barakar and Raniganj.

Vol. XXII, 1889.

Part 1.—Annual report for 1888. The Dharwar System, the chief auriferous rock-series is

South India. (Second notice.) On the Wajra Karur diamonds, and on M. diaper's

alleged discovery of diamonds in pegmatite near that place. On the generic position ol

the so-called Plesiosaurus Indicus. On flexible sandstone or Itacolurnite. with special

reference to its nature and mode of occurrence in India, and the cause of its flexibility.

On Siwaiik and Narbada Chelonia.

Part 2.—Note on Indian Steatite. Distorted pebbles in the Siwaiik conglomerate. 'The Car

boniferous Glacial Period.' Notes on Dr. W. Waagen's 'Carboniferous Glacial Period.'

On the oil-fields of Twingoung and Berne, Burma. The gypsum of the Nc-hal Nadi,

Kumaun. On some of the materials for pottery obtainable in the neighbourhood of Jabal

pur and of Umaria.

Part 3.—Abstract report on the coal outcrops in the Sharigh Valley, Baluchistan. On tat

discovery of Trilobites by Dr. H. Warth in the Neobolus beds of the Salt-range. Geolo

gical notes. On the Cherra Poonjee coal-field, in the Khasia Hills. On a Cobaltiferon

Matt from Nepal The President of the Geological Society of London on the Interna

tional Geological Congress of 1888. Tin-mining in Mergui district.

Part 4.—On the land-tortoises of the Siwaliks. On the pelvis of a ruminant from the

Siwaliks. Recent assays from the Sambhar Salt-Lake in Rajputana. The Manganiferous

Iron and Manganese Ores of Jabalpur. On some Palagonite-bearing raps of the Rajmahil

hills and Deccan. On tin-smelting in the Malay Peninsula. Provisional index of the local

distribution of important minerals, miscellaneous minerals, gem stones, and quarry stone*

iu the Indian Empire. Part 1.

Vol. XXIII, 1890.

Part 1.—Annual report for 1889. On the Lakadong coal-fields, Jaintia Hills. On the Pecto

ral and pelvic girdles and skull of the Indian Dicynodonts. On certain vertebrate

remains from tie Nagpur district (with description of a fish-skull). Crystalline and

metamorphic rocks of the Lower Himalayas, Garhwal and Kumaun, Section IV. On the

bivalves of the Olive-group, Salt -ratine. On the mud-banks of the Travancore coast.

Part a.—On the most favourable sites for Petroleum explorations in the Harnai district, Balu

chistan. The Sapphire Mines of Kashmir. The supposed Matrix of the Diamond at

Wajra Karur, Madras. The Sonapet Gold-field. Field Notes from the Shan Hills (Upper

Burma). A description of some new species of Syringosphxridz, with remarks opoa

their structures, &c.

Part 3.—On the Geology and Economic Resources of the Country adjoining the Sind-Pishia

Railway between Sharigh and Spintangi, and of the country between it and Khattas.

(With a map.) Report of a Journey through India in the wiuter of 1888-89, by Dr.

Johannes Walther, translated from the German, by R. Bruce Foote. On the Coal-fields

of Lairungao, Maosandtam, and Mao-be-lar-kar, in the Khasi Hills. (With 3 plans.)

Further Note on Indian Steatite. Provisional Index of the Local Distribution of Important

Minerals, Miscellaneous Minerals, Gem Stones, and Quarry Stones in the Indian Empire

(continued from p. 386. Vol. XXII).

Part 4.— Geological sketch of Naini Tal ; with some remarks on the natural conditions govern

ing mountain slopes. (With a map and plate.) Notes on some Fossil Indian Bird Bones.

The Darjiling Coal between the Lisu and the Ramthi rivers, explored during srasoa

1690-91. (W ith a map.) The Basic Eruptive Rocks of the Kadapah Area. The Deep

Boring at Lucknow. Preliminary Note on the Coal Seam of the Dors Ravins, Haaara

(with two plates)..



 

Vol. XXIV, 1891.
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Part 1.—Annual report for 1890. On the Geology of the Salt-Range of the Panjab, with a

re-considered theory of the Origin and Age of the Salt Marl (with five plates). On Veins

of Graphite in decomposed Gneiss (Laterite) in Ceylon. Extracts from the Journal of a

trip to the Glaciers of the Kabru, Pandim, &c. The Salts of the Sambhar Lake in Raj-

putana, and of the Saline efflorescence called ' Reh' from Aligarh in the North-Western

Provinces. Analysis of Dolomite from the Salt-Range, Panjab.

Part 2.—Preliminary Report on the Oil locality near Moghal Kot, in the Sherani country,

Suleiman Hills. On Mineral Oil from the Suleiman Hills. Note on the Geology of the

Lushai Hills. Report on the Coal-fields in the Northern Shan States. Note on the

reported Namseka Ruby-mine in the M.iinglon State. Note on the Tourmaline (Schorl)

Mines in the Mainglfin State. Note on a Salt spring near Bawgyo, Thibaw State.

Part 3.— Boring Exploration in <A«JDaltongunj Coal-field, Palamow (with a map). Death of

Dr. P. Martin Duncan. Contributions to the study of the Pyroxenic varieties of Gneiss

and of the Scapolite-bearing Rocks.

Part 4.—On a Collection of Mammalian Bones from Mongolia. Further note on the

Darjeeling Coal Exploration. Notes on the Geology and Mineral Resources of Sikkim

(with a map). Chemical and Physical notes on Rocks from the Salt- Range, Punjab

(with two plates).

Vol. XXV, 1892.

Part r — Annual report for 1891. Report on the Geology of Thai Chotiali and part of the

Mari country (with a map and 5 plates). Penological Notes on thf Boulder-bed of the

Salt-Range, Punjab, Subrecent and Recent Deposits of the valley flams of Quetta,

Pishin and the Dasht-i-Bedao!at ; with appendices on the Chamans of Quetta; and the

Artesian water-supply of Quetta and Pishin (with one plate).

Part 2.— Geology of the Sated K6h (with 3 plates of sections). Report on a Survey of the

Jherria Coal-field (with a map and 3 section plates).

Part 3.— Note on the Locality of Indian Tscheffkinite. Geological Sketch of the country north

of Bhamo. Preliminary Report on the economic resources of the Amber and Jade mines

area in Upper Burma. Preliminary Report on the Iron-Ores and Iron-Industries of the

Salem District. On the Occurrence of Riebeckite in India. Coal on rTttGreat Tenasserim

River, Mergui District, Lower Burma.

Part 4.—Report on the Oil-Springs at Moghal Kot in the Shirani Hills (with 2 plates).

Second Note on Mineral Oil\ from the Suleiman Hills. On a New, Fossil, Amber-like

Resin occurring in Burma. Preliminary notice on the Triassic Deposits of the Salt-Range.

Vol. XXVI, 1893.

Part I.—Annual report for 1892. Notes on the Central Himalayas (with map and plate).

Note on the occurrence of Jadeite in Upper Burma (with a map). On the occurrence of

Burmite, a new Fossil Resinfrom Upper Burma. Report on the Prospecting Operations,

Mergui District, 1891-92.

Part 2.— Notes on the earthquake in Baluchistan on the 20th December 1892 (with 2 pbtes).

Further Note on Burmite, a new amber-like fossil resin from Upper Burma. Note on

the Alluvial deposits and Subterranean water-supply of Rangoon (with a map).

Part 3.—On the Geology of the Sherani Hills (with maps and plates). On Carboniferous

Fossils from Tenasserim (with 1 plate). On a deep Boring at Chandernagore. Note on

Granite in the districts o/Tavoy and Mergui (with a plate).

Part 4.— On the Geology of the country between the Chappar Rift and Harnai in Baluchistan

(with map and three plates). Notes on the Geology of a part of the Tenasserim Valley

with special reference to the Tendau-Kamapying Coal-field (with two maps). On a

Magnetite from the Madras Presidency containing Manganese and Alumina. On His-

iooite (Haughton), (with a plate).

Vol. XXVII, 1894.

Part I.—Annual report for 1893. Report on the Bhag,inwalsr Coal-field, Salt-Range, Punjab,

(with map and 2 plates).

Part 2.—Note on the Chemical qualities of petrolesm from Burma. Note on the Singsreni

Coal-field, Hyderabad (Deccan). (With map and 3 plates of sections). Report on the

Gohna Landslip, Garhwal. (With 5 plates and 2 maps).

Part 3.—On the Cambrian Formation of the Eastern Salt-Range. (With a plate.) The Giridh

(Karharbari) Coal-field, with notes on the labour and methods of wor'ting. (With 2 maps

and 8. plates of sections.) On the Occurrence of Chipped (P) Flints in the Upper Miocene

of Burma. (With a plate.) Note in the Occurrence of Velates Schmideliana, Chemn.,

and Provelates grandis, Sow. sp., in the Tertiary Formation of India and Burma. (With

2 plates.)
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Annual Report op the Geological Survey of India and of

the Geological Museum, Calcutta, for the year 1894.

Dr. William King retired from the Directorship on the 16th July last, after a

total length of service of 37 years, seven of which were
Staff of the Survey. p^sed a8 Director. His services are briefly noticed in the

Records, Vol. XXVII, page. 109.

Mr. T. W. H. Hughes was compelled to retire from the 17th October, owing

to an unfortunate accident, which has deprived him of his eyesight.

Mr. W. B, D. Edwards, having obtained an appointment as Inspector of Schools

in England, has resigned his appointment from the 4th November 1894.

The vacancies thus created will be filled in due course by men selected by Her

Majesty's Secretary of State.

Mr. William Anderson was appointed by the Secretary of State to be Mining

Specialist on the Survey, and joined the Department on the 15th November 1894.

At the beginning of the year 1894, the officers of the department not on leave

were disposed as follows :—

Myself with Mr. F. H. Smith and Lala Kishen Singh in Baluchistan ; Mr. T. H.

D. La Touche in charge of boring at Sukkur; Mr. P. N. Bose, Rewah; Mr. C. S.

Middlemiss, Madras ; Dr. H. Warth, Madras ; Mr. P. N. Datta, Central Provinces ;

Mr. T. H. Holland and Dr. F. Noetling at Head-Quarters.

At the beginning of the present field-season the officers of the department were

distributed as follows :—

Mr. R. D. Oldham }

and J Rewah.

„ Datta )

Mr. LaTouche J

and J Sukkur.

Lala Hira Lai J

Mr. P. N. Bose . . Central Provinces.

„ Middlemiss . . Madras.

„ Holland . . Head-Quarters.

„ Smith . . Baluchistan.

Dr. Noetling . . Upper Burma.

Mr. Anderson . . Chota Nagpore.

In the following notes will be found an outline of the

j£$SU* W°rk " work done during ,894.
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During the season of 1893 to 1894 Mr. Bose surveyed a rather extensive area in

R(vinh Rewah and the ground east of it, in all more than 2,000 square

P. N. Bose.' miles, of which, however, some parts had already been

P N Datta* reported on by Mr. Smith and Kishen Singh, who were
d attached to the party under Mr. Hughes in 1893. Mr*

Bose distinguishes the following formationsJn descending order:—

4. Gondwanas.

3. Vindhyans.

2. Transitions.

1. Metamorphics.

and amongst the intrusive rocks : granite and diorite.

He separates a schistose formation from the transitions proper, 1. e. the represen

tatives of the Bijawar system, and includes a belt of gneissose rocks amongst the

former, being probably the result of local metamorphism of the schistose series

by the intrusive granites. The lower vindhyans rest unconformably on the transi

tions.

Mr. Oldham has taken over charge of the Rewah survey this field-season, with

Mr. Datta to assist him ; he has since had an opportunity of inspecting Mr. Bose's

work, and has come to the conclusion that the so called " gneiss " of Mr. Bose is in

reality an intrusive granite. Mr. Oldham has not yet been able to confirm the

separation of the schistose beds from the transitions. If the " gneiss " is only

intrusive granite, it seems very probable that the difference in lithological character

between the schistose and transition series is due to contact metamorphism. Mr.

Bose describes the two series of rocks as conformable and renders their position in

this manner in his section.

i myself crossed this belt of transition rocks further eastwards some years

ago and was struck at that time with the general resemblance of the series with the

great thickness of beds which underlie the lower Silurian of the Himalayas, which I

had comprised under the name of the haimantas and of which the upper portion

may possibly he correlated with the Cambrians. I still believe that this series of

transitions underlying the lower vindhyans will turn out to be an equivalent of the

haimanta group of the Himalayas.

Mr. Datta is working at the lower vindhyans north of the Sone and has been

able to examine some sections in greater detail, but so far Mr. Oldham suspects

that the lower vindhyans (so-called) belong to a different and unconformable

series to the vindhyans proper in which opinion he differs from Mr. Mallet, (See

Vol. VII of the Memoirs.)

Mr. Datta had been posted to the Bhandara District during the previous

Central Provinces. field-season, and he was engaged at the beginning of 1894

P. N. Datta, 1893-94. on the geological survey of part of a still unknown ground

P. N. Bose, 1894. in tjjg Central Provinces. He managed to go over two

separate areas, namely, part of the valley of the Kanhun river in Nagpur and

Chindwara, and secondly, parts of the Bhandara district. In the first-named district

he came across a crystalline and schistose series with intrusions and spreads of

igneous rock, which is unconformably overlaid by lameta beds ; the latter proved

unfossiliferous.

In the second or Bhandara area Mr. Datta observed crystalline rocks with
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transition beds, the series forming the western extension of the Chattisgarh basin.

A number of sections were examined in detail, but until the rock-specimens can

be examined microscopically, not many new facts can be made out regarding the

structure of that part of India. Mr. Datta has brought back a fine collection of

hand-specimens for the museum.

At the beginning of last field-season Mr. Bose was posted to the same ground,

and he started work in continuation of the surveys of Dr. King in the Chattisgarh

division. He believes to have met with confirmatory evidence in favour of the un

conformable superposition of certain beds over the Chilpi Ghat series, which may

possibly represent lower vindhyans in this area. It is a point, however, which will

require much clearer evidence before this view can be finally adopted. It is

directly opposed to both Mr. Medlicott's and Dr. King's views (for the latter see

Records, Vol. XVIII, p. 190).

During December 1893, Mr. Middlemiss was transferred to the Madras Presi-

Afadms. dency, where he began a detailed investigation of the

Mr. C. S. Middlemiss. mineral resources and petrology of the Salem district, with

Dr. H. Warth. special reference to the occurrence of corundum.

During the first few months of 1894, a cursory examination of the ground was

only made, but nevertheless some very valuable observations were the result ; he

came to the conclusion that the corundum is not an original mineral constituent of

the gneissose rocks in which it occurs, but is the result of a mineral change or

metamorphism of the matrix rock. He infers this from the patchy way in which

it occurs, from the zone, or shell of carbonate of lime and of quartz (at Sithampundi),

and from the similar shell of pink felspar enclosing ihe corundum crystals in the

Paparapatti rock. The general aspect is, as if it had segregated out in certain

places, leaving an enclosing lenticular patch of altered gneiss and an envelope of

another mineral behind. This field-season Mr. Middlemiss is provided with the

necessary outfit for a microscopic examination of the rocks, and we may expect a

large addition to a more exact knowledge of the petrology of Madras, which, it is

to be hoped, will eventually form a useful and more or less complete guide to the

crystalline rocks of India. He divides the Salem rocks provisionally as follows :—

Crystalline gneissic rocks—

(1) White and grey quartzo-felspathic rocks.

(2) Purple and grey biotite gneissic do.

(3) Hornblende gneissic do.

(4) Hypersthene gneissic do.

The above, though mutually interbanded in places, also predominate indivi

dually over certain areas. Hence they may be separated when traversing from East

to West :—

(a) The Morappur band of hornblende gneissic rocks.

(4) The Mukhunur „ hypersthene „ „

(«) The Dharmapnri „ quartzo-felspathic „ „

(d) The Paparapatti „ biotite „ „

with corundum.

Foliation of the above varieties seems to be genuine, consisting of (1) layers

of different width, often contorted, composed of different minerals, and combina

tions of minerals, (2) layers of different degrees of coarseness of grain. The

rocks are not as a rule fissile to any extent along the foliation.
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Intrusive rocks—

(A) . Purple granites are non-foliated massire rocks, occurring sparsely and are in

truded along foliation of gneissic rocks. They often include large pieces of

hornblendic rocks.

(B) . Dark traps, doleritic, composition augite and plagioclase, non-foliated, toogh,

massire dyke rocks, crossing the foliation of the gneissic rocks at right

angles ; fairly numerous, but difficult to trace far, except locally.

It was desirable to study the cretaceous beds of Pondicherry in greater detail,

The cretaceous rockt ana" collect therefrom good material for description ; Dr.

of Pondicherry ; Dr. H. Warth was deputed to do so, and he devoted the field-season

Warth. of 1893-94 to this task.

The fossils which were collected by Dr. Warth are somewhat dissappointing,

both as regards numbers and preservation, but they have been sent to Dr. Kossmat

of the Vienna University, who is also engaged on the determination of the collection

of cretaceous fossils from Trichinopoly belonging to the Madras Museum. From

a preliminary note which this gentleman has sent it appears that the entire series

of Pondicherry beds belongs to the Ariyalur group of Southern India.

It will be remembered that a landslip occurred early in September 1893 and

dammed up the Birahi Ganga which drained 90 square

Mr T'^H^^Hoiland. miles above Gohna. The locality was examined by Mr.

Holland early in March 1894, when the lake was nearly

3 miles long with a maximum width of 1 mile. Mr. Holland's report described (1)

the geographical and geological features of the Birahi Ganga valley, (a) a descrip

tion of the landslip and lake, and (3) a discussion of the causes which led to the

landslip.

With regard to the second point he predicted—

(t) That the lake would be full and would overflow the barrier about the middle

of August.

(a) That the dam was [strong enough to resist the pressure of the water before

overflow.

(3) That after overflow the lake would be reduced to one about 3l miles long, and

that this would remain permanent for some time.

(4) That landslips would occur into the lake.

The lake overflowed the dam early on the morning of August 25th, the stream

flowing down the steep slope to the bed below Gohna. The erosion thus continued

until late at night, when a channel having been cut back to the lip of the lake

rapid recession of levels followed until the erosion was checked by reduction of

the slope and exposure of large blocks of dolomite, by removal of the fine detritus

forming the upper part of the dam. The lake left is about 3 miles long and over

300 feet deep, with, according to the latest accounts, every chance of being histori

cally permanent, although its gradual destruction by silting up of the basin and

gradual erosion of the dam will, geologically considered, happen at no distant

time. The landslips which have occurred into the lake have with the silt raised the

bottom nearly 100 feet. The dam is now quite firm and the outlet through the

gorge cut in its upper part is over a rocky bed with a slope of about 1 in 15.

In this gorge, cut through a portion of the first of the two main falls, there are

exposed, according to Lieutenant Crookshank, R.E., great bundles of strata dipping

towards the south at an angle of about 50°, which he regards as a striking confirma

tion «f Mr. Holland's conclusion with regard to the peculiar character of the first
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slip in which Mr. Holland considered that the hill must have pitched forward and

not have slipped down in stream-fashion after the manner of smaller and more

common landslips. (Records, Vol. XXVII, page 59.)

The alarming increase of accidents in theDandote coal-mines made an imme

diate inspection of the Dandote (Punjab) and Warora

Dr vlSotaiag (Central Provinces) collieries desirable; the Inspector of

Mines \n India had not been appointed then (October 1893),

and Dr. Noetling was therefore deputed on this duty. In addition to this inspec

tion, Dr. Noetling was able to add to our knowledge of the older palaeozoic strata

of the Salt-Range. He has since published his observations in a paper in the

Records, Vol. XXVII, pages 71 to 86, which clears up many discrepancies in the

Salt-Range geology.

Mr. Wynne, who described the geology of that range in greater detail, was the

first observer who insisted on the age of certain beds as older than carbonifer

ous and to be quite distinct from the latter. On the strength of Dr. Waagen's

determination of the few fossils which had then been found, these beds were con

sidered to be of silurian age. Later on Dr. Waagen combated this view and

claimed a lower carboniferous age for these beds, but modified this opinion as

Cambrian trilobites were found, whilst his work, Vol. IV of Ser. XIII of the

Palaeontologia Indica, was in progress.

Dr. Noetling, who had studied the Khusak section carefully (already well de

scribed by Mr. Middlemiss, Records XXXIV, page 24) now divides the Cambrian

system of the Salt-Range as follows, in descending order :—

4. Bhaganwalla group, or salt-crystal pseudomorph zone.

3. Jutana group, or Magnesian sandstone.

2. Khussak group, or Neobolus beds.

1. Khewra group, or Purple sandstone.

Each of which divisions he further sub-divides.

The fossils which he has found, have been forwarded to Dr. Waagen for deter

mination.

The boring for petroleum which has been put down at Sukkur on the Indus has

Sukkur b»i»g. steadily progressed, and it has been sunk to a depth of 957

Mr. T. D. La Touche. feet. Considerable difficulty is occasionally experienced,

Lala Hira Lai. but not more than might have been anticipated. The

practical result is so far nil, although signs of escape of gas have been observed at

depths below 800 feet, which afford some slight hope of obtaining oil further down.

But the boring is not without some geological interest, as it proves that the thickness

of the strata is much in accordance with the estimate which I have given, which

was practically taken from the Sharigh section. The lithological character of the

beds passed through is very similar to that of the Sharigh section, and in some

respects, particularly in the upper portion, very like the section near Khattan. As

near Sharigh, so also at Sukkur, a great thickness of clays, alternating with thin

limestone bands, and traversed by numerous gypsum veins and nests, occurs below

the light coloured upper nummulitic limestone of Sukkur.

The boring ought to reach the carbonaceous horizon within the next 200 to

250 feet, if the section corresponds as closely with the Sharigh section, as seems

likely.
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Mr. La Touche reported in December 1894 that he had examined a spot about

8 miles south of Rohri, where the freshly broken soil emits a strong smell of petro

leum, which may indicate the escape of oil below the thickness of alluvium. There

is no rock in situ within miles of the spot, but the question is being investigated

now.

Baluchitt&n. Considerable progress has been made in the gpological

C. L. Griesbach survey of Baluchistan, which is, perhaps, one of the most
W. B. D. Edwards. . t . . * ' l7 r\ . . ., -

F. H. Smith. interesting countnes in the world, from a structural point ot

Lala Kishen Sing. view.

Mr. Edwards joined my party in the early part of the year and was told off to

examine the so-called Quetta coal-area. Before he could quite finish the task, he

became seriously ill, which led eventually to his retirement this year.

Mr. Smith joined my party in the autumn of 1893, and after continuing the work

which Mr. Edwards had begun, brought it to a close during this year.

He accompanied me afterwards (Spring 1894) on a tour to the Mari country,

which I undertook to study certain sections which Mr. Oldham had reported on pre

viously (Records, Vol. XXV, pages 18 to 29). Mr. Smith was instructed to take up

work in continuation eastwards of Mr. Oldham's surveys, and he has since geologi

cally mapped some 2,000 square miles of very interesting country east and south

east of the sections which are reported on in the paper quoted.

Mr. Smith has shown considerable acquaintance with field-work, and has pre

pared a number of working sections, drawn to scale. These, with the map, will be

published later on, when the survey of that country has been completed.

During November and December 1894, Mr. Smith continued his former work in

the high hills east and south-east of Quetta, which have now all been examined, with

the result of confirming in most cases my first conjectures, which I expressed in

Memoir, Vol. XVIII, part 1. When I visited that country in 1880 a close study of

the sections was impossible, owing to the disturbed state the frontier was in at that

time, but I concluded from the general structure of the country, that the Takatu

hill mass represented a section comprising both cretaceous and lower eocene

strata ; Dr. W. T. Blanford in his Memoir, Vol. XX, part 2, combated this view,

having had better opportunities of studying this particular section. My view,

however, has now been amply upheld by Mr. Smith's subsequent work, and not only

have upper cretaceous rocks (with belemnites) been found to constitute the main

mass of the Tak-Uu hills, but also evidence has been produced of the presence of

older (neocomian and jurassic) limestones with fossils. The uppermost portion of

the hill-mass is lower numinulitic as represented in my memoir. A fault separates

this section from younger eocene beds east and south-eastwards ; this fault may

be observed for some distance and forms one of the great structural features of

Baluchistan.

Lala Kishen Singh was engaged in systematically collecting fossils from certain

beds described by Mr. Oldham in the paper quoted above; in the end a very

valuable collection of fossils has been brought together, which have since been

examined and described by Dr. Noetling. The description will be published in the

Palaeontologia Indica as soon as the numerous plates can be lithographed ; the

manuscript is ready for the press.

The general result fully justified my original opinion that there is quite a sharp
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division between the cretaceous and eocene strata. The examination of the fossils

proved also the existence of a distinct neocomian and below it, of a jurassic horizon.

A local unconformity occurs above the neocomian.

The section at Mazir Drik, which is merely a type of numerous similar sections,

is as follows in descending order :—

Middle)

> Eocene

Lower J

Upper Cretaceous .

Local unconformity.

Neocomian . . ,3 White and grey limestone with bettmnites.

Upper Jurassic . . I Hard grey, thick-bedded limestone with a

rich ammonite fauna.

In the spring of 1894, I instructed Kishen Singh to survey the area south and

south-east of the Zarghdn and south of the Harnai and Khdst hills on sheet 21-

-55. of the Baluchistdn survey, which he did satisfactorily,—in all 590 square

miles.

I myself continued the work, which I had begun during the previous field-season ;

the ranges which divide the Quetta valley from the Pishin and the K<5jak range

were examined, and several traverses were completed, to settle the question of

structure of these ranges. But there is still much to be done and it will require at

least one more season's work to fill in the gaps on our geological map of the

country west and north-west of Quetta. The first 4 J months of 1894 I devoted to

the study and survey of the ranges which inclose the western Zhob valley, and

especially the mass of hill-ranges between Loralai and Khanazai. This was a

continuation of my previous field-season's work and the result is a fairly accurate

geological survey of a^out 3,400 square miles, completed during the greater part

of two seasons. In this part of Baluchistdn, I could distinguish the following

divisions of strata in descending order :—

r (11) Alluvium; wide-spread deposits of sandy

J clays, conglomerates, and also in places, blown

Recent J sands, which generally pass up imperceptibly

f from the next older formation.

• f {10) Red and white sandy clays with sandstone

Seistan formation Pleistocene . ? and conglomerate beds, with much gypsum in

' layers and strings.

r (9) Sandstone, shales, and conglomerate of the

Miocene and pliocene . . < ordinary Siwalik type ; fossil bones and casts

' of large gastropods.

r (8) Great thickness of sandstone beds, very like

Younger Eocene and Miocene . j the Siwaliks in character, but with occasional

limestone partings, which contain marine fossils.

1 Shales and sandstones.

Grey limestone beds with nummulites.

Calcareous grit, shales and limestone with an

abundant fauna of ctphalopods, echinoids,

corals, foraminifera, etc.

Belemnite bearing series of shales and lime

stone beds.
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( (?) Concretionary limestone and shales with fos
Eocene. Great development of 5 (6) Sandstones, shales, and clay.

SSSSTSttC (5) ™ck limestone with

date.

TT„ „ , , , ,. , . . f (4) Limestone with Sphtnodiseus, Cardium
Upper Interbedded basic 1 _ ....

Creta- rocks ; gabbro, tufa, j *'•"*••««. etc., etc

ceous. ( (3) Shales and limestone with belemnitts.

Neocomian . . . . (2) Thick limestone with neocomian fossils.

Jurassic (') Massive limestone with jurassic fossils.

Along a great line of dislocation which runs along the Chinjan and Yusnf Kats

valleys, I have met with what I must consider genuine " blocs exotiques, "—of

carboniferous and triassic rocks, bearing fossils. The dislocation is characterized

by intrusions of basic rocks which obscure the position of these " blocs." It is

hoped that more evidence of the same will be forthcoming during the next field-

seasons.

One of the most remarkable features of Baluchistan geology is the association

or igneous rocks with the upper cretaceous and the lower and middle part of the

eocene deposits. The first outburstl of basic rocks, as far as can at present be

ascertained, occurred in later cretaceous times ; at least evidence of intrusion! only

have been met with in the jurassic beds, and even the lower part (limestones)

of the upper cretacious seems free from interbedded igneous rock, but on the other

hand these beds show locally great alteration near intrusions of the latter

examples ; Kach near Quetta, Gwdl and other localities in the Zhdb valley. The

earliest evidences of contemporaneous igneous action occur in the upper cretaceous

belemnite beds. This is seen clearest in the upper Zhdb valley, especially near

Gwal. Certain large areas of Baluchistan (south of Hindu Bdgh and Kdjak range)

are entirely made up of great outbursts and spreads o*f basic igneous rocks, with

gabbro and serpentine, associated with a few sedimentary beds, which are much

altered in places and quite schistose in some. It is hardly possible to divide this

complex of rocks, as precisely similar conditions seem to have continued right into

middle eocene deposits. The higher portion of this facies, which may be compared

to the Flysch formation of Europe, especially as developed in the Island of Elba,—

contains a few beds of limestone which yielded nummulites, thus limiting the dura

tion of igneous action to the period between the deposition of upper cretaceous and

middle eocene beds. Quite unaltered limestone with upper eocene (Spintangi)

fossils overlies the igneous facies of the northern Zhdb and of the Kdjak range.

All trace of igneous action seems to have died out during that epoch.

The K6jak formation of shales, limestones and tuffaceous rocks,—in places

quite schistose— I considered to be tertiary in 1880 (Memoirs, Vol. XVIII) and

later in 1884 (Records, Vol. XVIII, page 59), as possibly cretaceous ; probably both

views are correct to some extent, and they may represent the igneous facies ranging

from the upper cretaceous belemnite shales to middle eocene, and the formation

may be a continuation westwards of the upper Zhdb rocks. They are also associated

with some irregular beds of limestone which contain large nummulites.

Connected with this great volcanic outburst are acid rocks, chiefly of the

granitic family, which form part of the Khwaja Amran, and these may have been

amongst the earliest eruptions which took place there.
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There are still a few questions of structural importance involved in the

Yenangyoung oil-bearing tract and to clear up the same,

BaluchistAn. Dr. Noetling was sent to Burma during this field-season.

Dr. Fritz Noetling. An exhaustive report on the oil-region will be brought oat

by him shortly.

During the hot weather and rains of last year Dr. Noetling examined and de

scribed the fine collection of cretaceous and jurassic fossils from Baluchistdn which

will be published as series XVI of the Palaeontologia Indica.

During 1894, several officers were employed in practical investigations only,

but in all cases where useful minerals were come across by

Economic Geology. ^ other parties engaged in field work, such occurrences

have also been reported on,

Mr. LaTouche was during the past year, and is still, engaged in the trial boring

for petroleum at Sukkur. Mr. Middlemiss has been engaged in the examination of

the corundum and magnesite deposits of Madras.

Mr. Holland was employed in reporting on the Gohna landslip and has since

been engaged in making numerous assays of minerals and rocks.

Mr. Smith surveyed the so-called "Quetta" coal-area, and has prepared a

report which will be published. Dr. Fritz Noetling was deputed to report on the

working of the Dandote and Warora coal-mines and has issued his reports on the

same. He is now at Yenangyoung in Burma in order to finish his investigations

of the oil-fields.

Mr. Grundy, the Inspector of Mines in India, has issued his first report for the

year ending 1st July 1894, which has been printed and published. He has since

inspected the mines in Mysore, Central Provinces and Rewah, and will proceed to

Hyderabad (Dekkan), the Punjdb and Baluchistan.

Mr. William Anderson has been posted to Chota Nagpur to report on the sup

posed metalliferous belt of rocks.

Amongst the notes on useful minerals made by officers engaged in scientific

surveys only, may be noticed reports by Mr. Bose on iron-ores, pockets of man

ganese, traces of copper and veins of argentiferous galena (61 '60 per cent, lead

and over 7 oz. of silver to the ton) in the Rewah State.

Mr. Datta reports on considerable quantities of an iron-ore in the Sone Valley,

which is used locally for iron-manufacture.

Considerable advance has been made in the publication of the Palaeontologia

Publications Indica. Dr. Waagen has at last completed Vol. IV of series

XIII, which deals with the ammonites of the ceratite beds

of the salt-range. It is illustrated by 40 quarto plates and will appear shortly.

Series XV of the Palaeontologia Indica has been commenced, and will illustrate

the large and most important collection of fossils from the Himalayas, embracing

not only the specimens preserved in the Geological Museum in Calcutta, but also

every known specimen found in the Himalayas and preserved in the various Euro

pean museums. Part 2 of Vol. II of this series is completed, and will appear shortly,

illustrated by 31 quarto plates, descriptive of the Muschelkalk fauna of the Hima

layas. Several other parts are in preparation.

Memoirs, Vol. XXV, on the geology of the Bellary district by R. B. Foote, is

nearly ready for publication, and the final sheets are being passed for the press.
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Vol. XXVI on the geology of Hazdra by C. S. Middlemiss is in the press, and

will appear shortly.

Vol. XXVII, Part i on the miocene fossils of Yenangyoung by Dr. Noetling, is

in type and will shortly appear ; Part 2 on the oil-fields of Yenangyoung is in

manuscript, but will be ready for publication shortly after Dr. Noetling returns

from Burma.

Mr. Holland has re-arranged and labelled the collection of minerals to corre

spond with the more modern classification adopted in the

^Museum and Labor- new e(jition of Mr. Mallet's guide which has been re

written by Mr. Holland for the use of students. He also

described a large number of rock specimens as contributions towards the work of

classifying and arranging this portion of the collection. Where the description of

the specimens has given promise of results of more than local petrographical

interest, Mr. Holland has taken the opportunity of college vacations to work out their

characters more fully in the field. In this way we have obtained a fairly compre

hensive account of the distribution, and contact effects in the Bengal coal-fields of

varieties of some new types of the remarkable group of peridotites. Amongst these

the mica-peridotites which frequently contain anthophyllite and chromite are, from

the excessive amount of apatite which they contain, most exceptional types amongst

the known igneous rocks of the globe. The occurrence of these peridotites, which

have now been found breaking through the lower Gondwana series in all the

Bengal coal-fields, forms an interesting comparison with the peridotites which are

similarly intrusive in the carbonaceous rocks of about the same age in South Africa.

The large number of specimens of the peridotites and the altered and associated

sedimentary rocks form a most instructive series in the Museum. In making this

collection and in tracing out the field relations of the rocks, Mr. Holland has

received most valuable help from Dr. Saise, Manager of the East India Railway

Company's collieries at Giridih. (A detailed description of these rocks appears

in Part 4 of Vol. XXVII of the Records).

Mr. Holland has described another new type of peridotite from the district of

Manbhum which differs from previously known ones in containing hypersthene

associated with olivine, augite, biotite and hornblende. (Records, Vol. XXVII,

part 4.)

The mode of occurrence of the rare mineral columbite has been examined at

Pananoa near Nawadili, East Indian Railway. Mr. Holland has found it in lumps

imbedded in the quartz of a very coarse grained pegmatite dyke, intruded into a

mica schist, which is crowded with tourmaline crystals.

The list of assays and determinations made in the laboratory has been pub

lished in the previous volume of the Records.

The work in the Museum was naturally interrupted during the early part of

the year by Mr. Holland's absence at Gohna and Naini Tal, but he attributes

the satisfactory progress which has been made largely to the valuable work done

by the Museum Assistant, Mr. T. R. Blyth.

Whilst so much progress has been made in the mineral gallery of the Depart

ment, it is much to be regretted that the palaeontological collection is in a most

unsatisfactory state, both as regards arrangement of specimens and condition of

the labels and cases. But this is entirely owing to the long absences of the Palseon
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tologist of the Survey, who for some years past has been engaged on entirely

different work, such as reporting on the mineral resources of Burma and the inspec

tion of collieries in India. But it is hoped that he will be able to devote himself to

more scientific work in future. A good beginning has been made by him in

■describing the miocene fossils of Burma and the cretaceous collections from

Baluchistan, and we may reasonably hope to get the Palaeontological Museum into

order during the next two years.

There is much need of an efficient Assistant in that branch of the Department.

The additions to the library amounted to 1,756 volumes, of which 777 were

Library. acquired by presentation, and 979 by purchase.

C. L. GRIESBACH,

Director, Geological Survey of India.

The 31st January 1895,

Calcutta,

J
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List of Societies and other Institutions from which publications have

been received in donation or exchange for the Library of the Geolo

gical Survey of India during the year 1894.

Adelaide.—Royal Society of South Australia.

Albany.—New York State Museum.

Ballarat.^School of Mines.

Baltimore.—John Hopkins University.

Basel.—Naturforschende Gesellschaft.

Batavia.—Bataviaasch Geonootschap van Kunsten en Wetenschappen.

Belfast.—Natural History and Philosophical Society.

Berlin.—Deutsche Geologische Gesellschaft.

„ K. Preuss. Acad, der Wissenschaften.

„ K. Preuss : Geologische Landesanstalt.

Bologna.—Reale Accademia delle Scienze dell' Istituto. •

Bombay.—Meteorological Department, Government of Bombay.

„ Natural History Society.

,. Royal Asiatic Society.

Bordeaux.—Socidte" Linneenne de Bordeaux.

Boston.—American Academy of Arts and Sciences.

„ Society of Natural History.

Breslau.—Schlesische Gesellschaft fur Vaterlandfsche Cultur.

Brisbane.—Royal Geographical Society of Australia.

„ Royal Society of Queensland.

Bristol.—Bristol Naturalists' Society.

Brussels.—Acad. Roy. des Sciences.

„ Socie'te' Beige de Geographic

„ „ Roy. Malacologique de Belgique.

Budapest.—Kon. Ungarische Geol. Anttalt.

Buenos Aires.—Acad. Nacional de Ciencias en Cordoba (Republica

Argentina).

Caen.—Soci&e' Linneenne de Normandie.

Calcutta.—Agricultural and Horticultural Society of India.

„ Asiatic Society of Bengal.

„ Editor, Indian Engineering.

„ „ The Indian Engineer.

„ Indian Museum.

„ Meteorological Department, Government of India.

„ Royal Botanic Garden.

„ Survey of India.

Cambridge.—Philosophical Society.

„ University of Cambridge.

Cambridge, Mass.—Museum of Comparative Zoology.

Cassel.—Verein fur Naturkunde.

Christiania.—Committee, Norwegian North Atlantic Expedition.

Cincinnati.—Society of Natural History.

Copenhagen.—Kong. Danske Videnskaberns Selskab.

Dehra Dun.—Great Trigonometrical Survey.
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Des Moines.—Iowa Geological Survey.

Dresden.—Naturwissenschaftliche Gesells. Isis.

Dublin.—Royal Irish Academy.

„ ,, Dublin Society.

Edinburgh.—Geological Society.

„ Royal Scottish Geographical Society.

» „ Scottish Society of Arts.

„ „ Society.

Florence.—R. Biblioteca Nazionale Centrale di Firenze.

Glasgow.—Glasgow University.

„ Philosophical Society.

Gotha.—Editor, Petermann's Geographische Mittheilungen.

Gòttingen.—K. Gesells. der Wissenschaften.

Halle.—Academia Caesarea Leop.-Carol. Naturae Curiosornm.

Havre.—Sociélé Géologique de Normandie.

Kònigsberg.—Physikalisch-Òkonomische Gesellschaft.

Lausanne.—Société Vaudoise des Sciences Naturelles.

Leide.—École Polytechnique de Delft.

Leipzig.—Verein fur Erdkunde.

Liege.—Société Géol. de Belgique.

Lille.—Société Géologique du Nord.

Lisbon.—Section des Travaux Géol. du Portugal.

Liverpool.—Geological Society.

London.—British Museum.

„ Geological Society.

„ Iron and Steel Institute.

„ Linnean Society of London.

„ Royal Geographical Society.

„ Royal Institute of Great Britain.

„ Royal Society.

„ Society of Arts.

„ Zoological Society.

Madrid.—Sociedad Geografica de Madrid.

Manchester.—Geological Society.

„ Literary and Philosophical Society.

Melbourne.—Department of Mines and Water-Supply, Victoria.

,, Royal Society of Victoria.

Milan.—Società Italiana di Scienzé Naturali.

Moscow.—Société Imp. des Natur.

Munich.—Kon. Bayerische Acad. der Wissensch.

Naples.—Reale Accademia delle Scienze Fisfche e Matematiche.

Newcastle upon-Tyne.—North of England Institute of Mining and

Mechanical Engineers.

New Haven.—Editor, " American Journal of Science."

New York.—Academy of Sciences.

Oxford.—University Museum.

Ottawa.—Geological and Natural History -Survey of Canada.

Paris.—Editor, Annuaire Géologique Universel.

„ Commission des Mines.
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Paris.—Ministere des Travaux Publics de la Carte Gdologique de la

France.

„ Socfe'te' de Geographic

„ „ Gdologique de France.

Penzance.—Royal Geological Society of Cornwall.

Philadelphia.—Academy of Natural Sciences.

„ American Philosophical Society.

„ Franklin Institute.

Pisa.—Societa Toscana di Scienze Naturali.

Rio-De-Janeiro.—Imperial Observatory.

Rochester.—Geological Society of America.

Rome.—Reale Accad. dei Scienze.

„ „ Comitato Geol. d'ltalia.

Sacramento.—California State Mining Bureau.

Saint Petersburg.—Comite- G£ologique.

„ Russische Mineralogische Gesellschaft.

Salem.—Essex Institute.

San Francisco.—California Academy of Sciences.

Shanghai.—China Branch of the Royal Asiatic Society.

Springfield.—Illinois State Museum of Natural History.

Stockholm.—L'Institut Royal Geol. de la Suede.

„ Kongliga Svenska Vetenskaps Akademie.

Sydney.—Australian Museum.

„ Department of Mines and Agriculture, New South Wales.

„ Geological Survey of New South Wales.

„ Linnean Society of New South Wales.

„ Royal Society of New South Wales.

Tokio.—Deutsche Gesellschaft fur Natur und Volkerkunde.

Toronto,—Canadian Institute.

Turin.—Reale Accad. delle Scienze di Torino.

„ Regia Universita di Torino.

Venice. —Reale Istituto Veneto di Scienze.

Vienna,—K. Akad. der Wissenschaften.

K. K. Geographische Gesellschaft.

„ K. K. Geologische Reichsanstalt.

„ K. K. Naturhistorisches Hof-Museum.

Washington.—National Academy of Sciences.

„ Smithsonian Institution.

„ United States Geological Survey.

» » » Mint.

„ „ „ National Museum.

Wellington.—New Zealand Institute.

Yokohama.—Asiatic Society of Japan.

„ Seismological Society of Japan.

York.—Yorkshire Philosophical Society.

Zurich.—Naturforschende Gesellschaft.

The Governments of Bengal, Bombay, India, Madras, and the Panjib.

The Chief Commissioners of Assam, Burma, and the Central Provinces.

The Residents, Hyderabad and Mysore.
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The Cretaceous Formation of Pondicherry by H. Warth, D. Sc.,

(Tubingen), Deputy Superintendent, Geological Survey of India.

The area which I was deputed to examine during January and February 1894,

had last been visited by the late Mr. H. F. Blanford in i860, and was described

by him in Vol. IV, p. 156 of the Memoirs. It is situated between the Red Hills

of Pondicherry on the south-east and between what Mr. Blanford called the

Tirvukarai ridge on the north-west, and is bounded on the south-west by the

alluvium of the Ariankupam river. The total length vis about 8, and the width

4 miles. A large surface of this ground is occupied by numerous tanks or

artificial reservoirs for rainwater, used for irrigation. Most of the area consists of

level and cultivated fields, amidst which are a few isolated exposures of rock in silu.

It is not nearly as favourable for study as are the cretaceous sections near Trichino-

poly ; there the exposures of strata on eroded patches measure square miles, whereas

in the Pondicherry area they amount to acres or even square yards only. This

great paucity of exposures has been repeatedly pointed out by Mr. H. F. Blanford,

and if, notwithstanding this, the first explorers, Messrs. Kaye and Cunliffe

obtained such large numbers of valuable fossils in i840,it will be shown further on

how this may be accounted for.

Mr. H. F. Blanford showed that the cretaceous strata may be separated into two

distinct divisions : the lower he named the Valudayur group, which hitherto has

been considered to be equivalent to the Utatur group of Trichinopoly, whilst the

upper series he found to be identical with the Ariyalur group of Trichinopoly.

Considerable confusion has taken place in the collections made in Pondicherry,

and the object of my visit to that area was not only to obtain a large number of

fossils, but to establish them in the various horizons. I have succeeded not only

in separating the fossils according to the two main divisions, but I have been able

to distinguish three successive horizons in each of these divisions. We have,

therefore, altogether 6 horizons from which fossils have been obtained, the three

lower of which constitute Mr. H. F. Blanfoid's Valudayur group, whilst the three

upper ones are what he accepted as Ariyalur group. As will be shown later on, the

whole of the strata must now be considered as Ariyalur group.

The bedding of these horizons is either horizontal or a gently dipping towards

south east. The general lithological character of all the beds is that of sand

or sandy clay with calcareous nodules or concretions which are scattered throughout

the whole formation. Only the uppermost horizon contains a continuous thin layer

of limestone in addition to concretions.

Horizon A is the lowest sub-division and appears on the surface as a strip 2 miles

. wide. It is separated from the Tirvukarai ridge by a band

of alluvium ij miles wide which conceals all outcrops.

Going from north-west to south-east, the first indication of the horizon consists of

white sands with nodules of one foot thickness. These nodules or concretions

contain traces of annelid channels only. They are also stained with dendritic

manganese. The localities examined are well-exacavations, \ mile east-south-east

of Lingaredipaliam and 1 mile north-east of Katarampokam.

Next in ascending order we observe yellow sands with gravel, 1 mile east
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north-east of Katerikupam in the bed of the canal, and in the ravine i mile north

east of Vanur. The latter place is referred to by Mr. H. F. Blanford on page 157

of his Memoir.

Lastly, we have sandy clays with large concretions, which contain; annelid casts,

they have a diameter of \ inch, and some were up to 6 inches in length. They are

usually curved. The concretions consist of crystalline calcite with a distinctly

botryoidal surface. They are usually somewhat lenticular, 2 feet thick, and of 3 feet

diameter. I have searched for them in vain in the neighbourhood of the Ariankupam

between Valudayur and Muterampatu, but the concretions are well exposed at the

following three localities which are on the same strike, from south-west to north

east :—The first is near Katerikupam, where the concretions show along a length of

over \ mile of the canal excavation. The blocks had about 2 feet diameter

and the surfaces were decidedly botryoidal, proving their concretionary origin.

The second locality is about f miles south-west of Vanur ; the concretions are

shown very clearly in several square wells. They form layers which have a slight

inclination towards the south-east. M any of the lenticular concretions had about

1 £ feet thickness and 3 feet diameter with botryoidal surfaces. In one well were

so many concretions and so close together that they presented the appearance of a

continuous bed of limestone, 2 feet thick. The concretions contain numerous

annelid burrows. I broke up one of the blocks entirely without finding a trace

of any fossil. In the neighbouring fields were also scattered blocks of the

same kind. Near the village of Wattai close by, is a large square tank which is

lined with the same blocks said to have been derived from the excavated tank bed.

Many blocks of the concretions from horizon A are also seen in the lining of

other tanks in the neighbourhood, for instance at Vanur. But in the latter

many stones had been used, which must have been brought from near Saidaram-

pet in French territory, and belong possibly to horizon E, and are us jally

fossiliferous. It is not easy to distinguish always the different blocks from each

other. But those from horizon A have no fossil shells and are botryoidal, whilst

certain fossils show others at once to have been derived from horizon E. The third

place is the best of all the exposures. It is immediately south of the village of

Andipalia'm, where many concretions are exposed on the surface. One of them

was 2 feet by 4 feet by 6 feet. The concretions formed layers with a moderate dip

to the south-south-east, many of them were also washed out of the matrix, but

most probably are very near their original site. Some of the concretions contained

quartz pebbles about 1 inches in length arranged in layers.

I observed also some concretions about half a mile south-east of Olundiapati,

in which I have not found any fossil, but which I am inclined to include in horizon

A.

The next higher horizon B contains fossiliferous concretions and has also yielded

Horizon B some fossils from the sandy matrix. I include herein the

exposure of yellow sands in a tank-bed, 1 mile south-east of

Vanur. At that place I found many minute bivalves and a few distinct Bacvlitet

vagina. On the Vanur Pondicherry road, 1 mile north of Saidarampet, small bivalves

occur in a white sand, which I include in B, although it is in contact with scattered

blocks of horizon E. I also include with B large, slightly fossiliferous concretions

and nodules, 1 mile south-south-east of Pulichapaliam, In the road ditch and in
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some wells east of the road, I found fossiliferous concretions of large size, of

which one has yielded a small ammonite.

Horizon C is the most important of all, as it seems most probable that from it

Horizon C were derived the cephalopods which Messrs. Kaye and

Cunliffe obtained about the year 1840. The spot from

which most of these fossils appear to have come is north-north-east of Valudayur

and north of Tutipet. It is from this place that I obtained the best fossils of horizon

C, but some I found further north-east close to the village of Rautankuppam.

I found in this horizon four small ammonites, several species of Hamiles, Bacu-

lites vagina in numerous well preserved specimens, many lamellibranchiata, gas

tropoda, etc. The list at the end of this paper refers to preliminary identifications

by Dr. Kossmat.

The fossils occur in blocks which are not in situ, but washed out of the alluvia

ground, and are largely used for building purposes, so that the supply is really

limited. I have now used up all the loose blocks which I could see, and I doubt

whether more will be found for a considerable time to come. Mr. H. F. Blanford

considered the place already exhausted, as will be apparent from his remarks on

pages 154, 155, 156, 158, 163, Memoirs, Vol. IV, and page a of his account of

Cretaceous Cephalopoda in the Palaeontologia Jndica.

Mr. Blanford referred at some length to the ridge east of Valudayur on which

he traced the boundary between his Valudayur group and the overlying Ariyalur

group. This ridge is not a very prominent object in the landscape, and some of

the exposures on it, which Mr. H. F. Blanford described, must since have dis

appeared. If the Topographical Survey map had been provided with contour lines,

this ridge as well as the Tirvukarai and Red hills ridges would be clearly shown,

but although this is not the case, the ridge in question is marked by the space

which it occupies between two rows of irrigation tanks, and a line drawn on

the map from Tutipet to Akasampatti travels along the centre of the ridge.

It rises about 1 1 5 feet above the sea and thus about 45 feet above the creta

ceous area to the north-west of it and 89 feet above the level of the great Usteri

tank lake to the south-east. Near Tutipet and Valudayur, the north-west base and

part of the slope of the ridge comprises horizon C. Towards north-east the ridge

merges more or less into the more elevated country, and the exposure of horizon C

near Rautankupam is on nearly level ground. As will be seen hereafter, the south

east slope of the ridge about Tutipet, Karasur and Saidarampet coincides with the

harder beds of the horizon F, and it is very probable that these limestone banks

have been the cause of the preservation of the ridge.

The horizon D is characterized by a continuous bed of sandy shale, several

feet thick, which is full of casts of shells, most of them those

Hon/on ^ lamellibranchiata, Trigonoarca Galdrmq, Macrodon

Japeticum, Alectryonia ungulata, etc. Others will be found on the list at the end.

I also found a few ammonites and Baculites vagina and some specimens of nautilus

two feet in diameter. A few specimens of taebratula were also found in this

horizon, also some corals and echinoidea. Small fish teeth were numerous.

A fact of importance is the wholesale conversion of shells into phosphate, or

rather the production of interior casts of shells consisting of rich black phosphate.

C
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Some of the casts show also the impression of honey-combed cells one-fiftieth of an

inch in diameter, most likely due to bryozoa, In this same stratum are also nu

merous concretions of light brown colour, which are likewise strongly phosphatic ;

they are of irregular shapes, resembling some organic structure.

I found three very clear exposures of this horizon. The first in a well, a quarter

of a mile west-south-west of Tutipet, the second is in situ on the surface of the road

a quarter of a mile north of Kaiasur, the third is in a well a quarter of a mile west

of Rautankupam on the west side of the Tindivanam Pondicherry road. A small

exposure was also noted in a well, a quarter of a mile north-west of Royapudupakam.

In the Rautankupam well the sandy bed, which contains the casts of shells, is

also partly replaced by concretions of one foot thickness, in which fossils occur.

Phosphatized shells are not found in any of the other horizons, with the

exception of the lowest portions of horizon E. There are some phosphatic

cores of light color in the centre of gastropods, in nodules of the upper part of

horizon F. But these cores are of quite different appearance to the phosphatic

matter in D, and in much smaller quantity. The black phosphatized shells are a

sure indication of horizon D and the overlying portions of horizon E. They are

seen in several places scattered over the fields mixed with other fossils, where no

distinct exposures of the strata are otherwise seen.

This horizon is important on account of the large number of nodules of shell

limestone it contains. A very great number of the nodules

Horizon . have been ntilized for tank revetments and buildings in the

neighbourhood. Many were also used for walls, buildings and pavements in Pondi

cherry. The pavement shows all the various fossils of the horizon in sections. One

fossil is especially very prominent and characteristic. It is a coral, Cyclolites filamen-

tosa, which is seen in semicircular sections. Exogyra ostracina is also common.

Owing to the systematic removal of blocks from the surface of the outcrop, it

is generally difficult to trace the area of horizon E, but at a place near Karasur I

still saw the blocks being quarried, and one very large deposit of blocks is exposed in

situ. There is also an oatlier of this deposit consisting of some 40 blocks, at a point

1 mile north of Saidarampet. The worn surfaces of the blocks show sections of

numerous fossils, which contrast strongly against the brown matrix. Besides gas

tropoda and lamellibranchiata in great numbers, the sections also show the semi

circular or crescent shaped outlines of Cyclolites filamenlosa, which coral is most

characteristic of horizon E.

The wall of a tank near the village of Royapudupakam yielded numerous fossils

as has already been pointed out by Mr. Blanford. Amongst them I collected

Exogyra ostracina, Altctryonia ungulata, Euptycha larva/a, nautilus, etc. Some

of the fossils are also found in horizon D and with them were also some black

phosphatic nodules.

The uppermost horizon is characterized by fucoid casts, which are cylindrical

H izon F an<^ a^out l^ree quarter of an inch thick and generally in

broken pieces of about five inches length ; some of these

casts are bifurcated. They are much used for lime burning, along with calcareous

nodules found in the same bed. The latter are about two inches diameter and
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contain spiral foraminifera of minute size ; they are dug 'up from the soil which

overlies some of the fucoid limestone.

The same yellow, crystalline, somewhat sandy limestone was found exposed

at the Usteri canal, one mile south-south-east of Valudayur and half a mile along

that canal towards south-east ; at four places on the way thence to Kadaperikupam ;

at the kilns half a mile south-west of Kadaperikupam ; at Kadaperikupam ; at Saida-

rampet ; at the kilns quarter of a mile east-north-east of Saidarampet ; half a mile

west of Akasampati ; quarter of a mile east-south-east of Akasampati ; quarter of a

mile south of Wattarapalliam (French part of village called Sanjiverampet), and lastly

in the bed of a large open tank near Royapudapakam.

The limestone is the only continuous bed of hard rock in the Pondicherry

cretaceous. At the Usteri canal I estimated the total thickness to be five feet of

limestone, with partings of sand. At Saidarampet a solid bed of limestone showed

two feet thickness with a dip of four degrees south-east.

Most of the fossils are obtained from the overlying sands. Amongst them are

some very characteristic corals {Coryophylla arcotensis, Cycloliles conoided), Teredt

tubes in abundance and very large gastropods (cones of one foot length), Nautilus

strpentinus and one nautilus with a very sharp keel, apparently a new species.

The limestone dips generally towards south-east, the surface of the country co

inciding with the dip slope. Above the limestone, clays and sands with nodules

continue. One clay bed with layers of nodules has already been mentioned as

containing some shells with light coloured phosphatic cores. In this bed remains

of a turtle were found. Still higher up in the series large concretions of two feet

diameter are seen in an excavation one mile north of Tirusitambalam (at the

road fork). Near Tirusitambalam I noticed yellow clays with minute bivalves,

and similar clays continue up the side of the Red hills ridge. These were no doubt

the upper-most cretaceous deposits mentioned by Mr. H. F. Blanford, page i6o,

Vol. IV.

These six horizons represent the whole sequence of the cretaceous strata.

With the exception of horizon F the exposures of the strata

A line o section. ^ an<j .{ wonj(j j>e difficult to find a continuous

sequence. But there is, however, a line of section, in which four horizons are

well represented and the other two at least indirectly. This is along the Tindi-

vanam Pondicherry road. Starting at a place 12 miles from Pondicherry, we

obtain a fair section along a straight road of about 4^ miles length, along which

exposures of most of the horizons are seen.

The general dip of the sequence of beds was given by

Dip of strata. Mf H p B!anford as tw0 degrees, which accords with my

own observations.

The total thickness of the cretaceous rocks of Pondi-

Thickness. cherry may fae aboQt goo feet

The fossils obtained were sent to Vienna for determination and they have since

Preliminary table of been examined by Dr. F. Kossmat of the University of that

fossils. city. He will describe the collection in detail, but has

given the annexed preliminary list of fossils.

C 2
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PttLiuiiMav Lin or Fouiii, HomzoKia

Caryophyllia arcotensis Forb *•• ... ... ... F

Cyclolites conoidea StpJ. ...... ... ... ... F

Hemiaster, n. sp. , ••• ... 0 •••

Stigmatopygus elatus ....... ... c ... ••• -

Terebratala arahilis, Forb, ...... ... ... D - -

Alectryonia angulata, Schl. ...... ... c D B MS

Exogyra ostracina; Lara. ...... ... - E

Grypbaea vesicularis ....... ... ... ... ... F

Plicatola ......... *•■ ... D ... -

Spondylus, n. sp. , . , . « . . . ■•• ... ... ... F

Spondylus calcaratus, P. ..... . ... ... D ... ...

Pinna cf. laticostate, Stol. ...... ... c ... ...

Modiota flagellifera, Forbu ....... ... c ... ...

Modiola polygona, Forb. ....... ••• c ... — -

Macrodon Japeticom, Forb. * . . . . ••• ... D ...

Trigonoarca sp. ... c ... ...

Trigonoarca Galdrina, F, ..... . ... c D E ...

Cyprina cristate, Stol ........ ... ... D ...

Protocardium bisectum, Forb. ..... ... c ... ...

Panopaea orientals, Forb. ...... B c ... ...

Pholadomya caudate ....... B c D ... ...

Corimya pertusa, Stol. ........ ••• c ... ...

Pharella obscura, Forb ....... B c ... ...

Teredo aft. glomerans ........ M. ... ... ... F

Phasianella cf. cojiulata, Stol. ...... ... c ... ...

Euspira sp. ......... ... ... E

Euptycha larvata, Stol ,,».,, ... ... ... E

Nerita sp. ... c ... ...

Nerita divaricate, Orb. , . ... c D E

Turitella sp. ... ... D E

Cerithium, n. sp , , ... ... D F
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PRILlMIMAkT LlIT Or FtttfU. Hofuxon.

Nerinea, n. sp ... ... ... ... F

Cypraea NeWboIdi, F. . . , . , . ... ... D ... • •a

Cypraea sp. . . 4 1 ... ... b E Nl

Cypraea Kayei, Forb. ....... ... ... ... E •*•

Rostellaria palliata, Forb. . t t ... c ... ... ■ ••

Athleta purpuriformis, Forb, ...... ... c ... ... • ••

Nautilus ap. ........ *•• ... 0 E P

Nautilus aff. Bouchardianus ...... ••• ... ••a E • ••

Nautilus cf. serpentinus, Bianf. ..... ... ... •*• ... F

Nautilus sphaericus, Fore. ...... ... ... ... ... F

Lytoceras sp. ....... . B ... ... ...

Hamites subcompressus, Forb. ..... ... c: ... ...

Hamites indiens, Forb. • •• c ... ... ...

Hamites tenuisulcatus Forb. ...... tit G ... ... tit

Ptychoceras sypho Forb. ...... ... C ... ... ...

Baculitcs, sp. ........ ... C ... ... *••

Bacolites vagina, Forb. ....... •M c D E *•*

Destncceras sp ... c ... ... •••

Pachydiscus ganesa, Forb. ...... ... c ... ... •M

Pachydiscus species ....... ... c D ... *4%

Dr. Kossmat intends giving a fuller description of the fossils later oh, but I am

authorized to state that he considers the Pondicherry creta-
he fauna. ceous series to belong to the Ariyalur division. I may also

remark here that these fossils have confirmed this conclusion, which Dr. Kossmat

had already arrived at from othet evidence; he had compared the original typo

specimens of the cepalopods of the Utatur and of the so-called Valudayur groups

and had also discovered new points of agreement between the fauna of the Ariyalur

group of the Trichinopoly area and the Valudayur group, and also with the creta

ceous fauna of Natal. The Valudayur group will cease to be so distinguished and

the horizons A, B, C, will have to be considered to be lower Ariyalur only



Records oj the Geological Survey of India. [VOL. X VIII.

Some early allusions to Barren Island j with a fev) remarks thereon, by

F. R. Mallet, F. G. S., late Superintendent, Geological Survey of

India.

When writing the description of Barren Is'and that appeared in the twenty-first

volume of the Survey Memoirs, I was unable to refer to any accounts of the

Volcano earlier than that by Lieutenant Colebrooke, who saw it from a distance in

1787, and that by Captain Blair, who landed during a violent eruption in 17891. The

name ' Barren Island,' however, was not originally given by either of those observers :

it had been applied before their time to the Volcano which, by some, had also been

called ' Monday ' and ' High ' Island. It was clear, therefore, that the island was more

or less known before Blair's visit, and it seemed possible that some one or more

accounts of it, by navigators who had seen, or even landed on it, might be in

existence, and that perchance some allusions to its volcanic condition earlier than

those mentioned above, might be on record. I have recently taken advantage of

residence near London to try whether any such accounts could be found, and with

this object in view, have made a somewhat laborious search at the libraries of the

India Office, the British Museum, and the Public Record Office. The examination

of a very large number of printed works and manuscripts has, I am sorry to say,

not led to the acquisition of a corresponding amount of new information, and there

can be little doubt that there still exist accounts which remain to be discovered.

But the following records, however meagre, at least add something to our know

ledge of the volcano.

The earliest indication of the island being known, that I am aware of, is to be

Van Linschoten, 1595. found in the original Dutch edition of Van Lins-

choten's5 voyages8 : this work contains two maps en

graved in 1595, one of India and some adjoining countries, the other of the Malay

Peninsula and archipelago*. The 'Andemaon' and adjacent islands are included

in both, the configuration in one being identical with that in the other. ' Nacon-

daon ' is placed in lat. 140 20'. No longitudes are given, but the position is 90

miles' E. or E. \ N., from the northern end of the Andamans. About 45 miles S.

by E. from " Nacondaon " (Narcondam), in Lat. 130 35', there is a nameless island

which is much nearer the true latitude of Narcondam (130 26') than that to which

the name is attached, and it is probably a duplication of that island, through a

discrepant, and more accurate, determination of its position.8

• Asiatic Researches, Vol. IV, p. 397-

'Erroneously printed "Linschten" in Memoirs, G. S. I. Vol. XXI, foot-notes to pages

364 and ^85.

* "Itinerario Voyage ofte Schipvaert, Van Jan Huygen Van Linschoten naer oost ofte

POrtugaels Indien," etc., Amstelredam, 1596.

« Facsimiles of these maps (but with the Dutch titles, etc., rendered into English) are

included in "John Huighen Van Linschoten, his Discours of Voyages into ye Easte and West

Indies," London, 1598, a translation of the original work.

* Here, and elsewhere, the miles given are nautical ones.

• On a "Chart of the Bay of Bengal," contained in the "East India Pilot, or Oriental

Navigator," and dated 1778, or nearly two centuries later than Linschoten's maps, "Narcon

dam of the Portuguese "| is marked in Lat. 130 47* and "High I. or Narcondam of the
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A second small and nameless island is marked about 45 miles east of the

Andamans, in Lat. ia° 25'. This is some 10 or 12 miles N. W. from the true

position of Barren Island, for which, I think, there can be no reasonable doubt

that it is meant, as there is no other land for which it can possibly be intended.

Linschoten makes no mention of having himself visited the Andaman Islands.

In the titles of the above named maps it is stated that they were " perfectly drawne

and examined with the most expert cardes of the Portingales Pilots," which

suggests that the island just mentioned were inserted on Portuguese authority as

the explorer who charted them thought Narcondam worthy of a name on the map.

Perhaps if Barren Island had been in eruption, and thus specially attracted his

attention, he would have attached one to it also.

On many charts of much later date than Linschoten's, no land near the position

Gough 1708 °^ barren Island is indicated. Hence it was a new dis

covery to Captain H. Gough, when he sighted it in 1708.

The log of his ship, the Stretham, is preserved at the India Office. On the 17th

December of the year just mentioned, the following entry was made:—"Now at

sunrise we see Land1 from W. b. N. to N. W. b. N., at 7 o'clock ye squall being

over we had an Island appearing thus " (small sketch given) ; " then ye other land

bore from W. to N. W. by W. distance, I judge, 10 or 12 leagues. Now we

have no drafts* that anything answer these bearings ; therefore I commenced one

From ye Lat. ii° which will include ye shoall,3 to Lat. 140, which will carry me to ye

Cocos Islands ; see the other side."* The last sentence refers to Gough's M. S. chart,*

on which the island, without any name, is marked in Lat. n° 53', and 58 miles

E. S.E. from the Andaman coast. It is about 23 miles south of the true position of

Barren Island, an error which is probably due to the fact that while Gough obtained

his latitude on the 16th by observation, that on the 17th was by " account." There

is, however, a discrepancy between the log and the chart. In the former his

latitude on the 17th is given as 120 30', while on the chart his position at noon is

marked in Lat. 128 18'. If this difference were applied to the island, it would bring

its latitude within 1 1 minutes of the correct one.

The island when seen was at a distance of 8 or 10 leagues to the E. S. E., and

French" 45 miles to the S. E.hy E. in Lat. 13° 20'. On " a general map of the East-

Indies" (1781), contained in the same Atlas, "Narcondam according to the Portuguese " is

marked in Lat. 13° 45', and "Narcondam or High Island according to the French," 60 miles

to the S. by E. in Lat 12° 50'. The French Island is certainly not intended for Barren

Island, although the latter, as previously remarked, has also been known under the name of

High Island. (See remarks, further on, about the "Flat Islands," and cf. Memoirs G. S. In

.Vol. XXI, foot-notes to pages 264 and 285). I have not succeeded in finding any original

accounts of the Portuguese or French observations.

1 The Andaman Coast.

1 The obsolete term for chart.
» The M Flat Rock, awash '* of the Admiralty chart (lat. 11° 8T). Capt. Gough puts it in

11° 10', and on the 14th December writes -. — Now as we rose from dinner we see Breakers

N. N. E. of us nothing appearing above water. I suppose them 7 or 8 miles of as they

broke high. We tacked. This shoall we find in our Drafis as to Latitude, but its laid not

above 7leagues off ye little Andemons and we see them not."

* Scale 3I inches to i" of latitude. A copy, on a reduced scale, is included in Dalrymple's

Flans and Charts.
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measures on the chart about 4 miles x a, with the length perpendicular to the

line of sight ; but this was evidently a mere eye-esiimate.

There is a rough free-hand sketch of the island in the log, from the pcint of

view just mentioned, which represents it as a very high one,1 with the culmination

near the S. S. W. extremity, a nearly flat top inclining gently towards the N. N. E.,

and steep slopes at the ends exactly the appearance which Barren Island, at the

present time, would have, if viewed from the same position,8 except that the height,

in proportion to the breadth, in the sketch,3 is a good deal more than in nature.

This is so obviously due to exaggeration, which might, perhaps, be almost expected

in a rough outline evidently dashed off currtnle calamo, that it would be waste of

space to raise the question whether the valcano really was much higher in 1708.

Had such been the case indeed, the truncation of the ancient cone must neces

sarily have been far less than is implied by the sketch, and the latter would entirely

fail to represent the facts.4 There is no indication, in the sketch, of smoke6 rising

from the volcano.

Reference to the observations of several navigators may be found in a " Memoir

,, . . of a chart of the Indian Ocean," 1787 (contained in the
various observers. , _ , , ' . ', , . .

first volume of Darlymple s Nautical Memoirs), where at

page 36 we read :—

"The Island, called Barren Island by Capt. Taylor and Capt. Justice, Monday

Island by Cheyne, from old Draughts ; and A Uo by Capt. Baker and C. Alves8 is in

Lat. )2° 2o' N. by C. Mills, 1758.

122a Alves, 1760.

I2'2o Justice, 1771.

1220 Taylor, 1780.

Long, by Capt. Taylor's observations of Sun and Moon 930 10'E. from Green

wich."

The log of Capt. Cheyne's ship7 (the Lapwing) shows that Cheyne passed

" Monday " (Barren) Island, at the close of October 1748.

' and saw it from various points of the compass, but he made

no nearer approach than 8 or 9 leagues. His observed latitudes on the 28th and

29th, combined with the bearings and estimated distances of the island, respec

tively made it in lat. ia° 6' and ia* 16'. He remarks that "this by some

is called Monday Island, but we have no account of it in the draught."

1 The greatest elevation, a« measured by Capt. Hobday in 1884, is 1,158 feet: therefore

allowing for curvature and refraction, the island at a distance of 8 leagues would rise mote

than 700 feet above the horiion, while at 10 leagues it would still rise nearly 500.

• cf. Capt Hobday's sketch, in the corner of his map (Memoirs, Vol. XXI), taken from

nearly the same bearing, but much nearer the volcano.

' One to five, which, under the circumstances of distance mentioned, would indicate a

height of more than 2,000 feet if the sketch had been drawn accurately to scale.

* cf. Remarks, in the succeeding paper, as to the probable antiquity of the truncation.

* A convenient term, and quite as accurate as cinder and ash, in connection with vol

canoes.

• "Barren Island, still smaller than Narcondam, is called likewise Monday Island; and

by the Portuguese Hha Alta (High Island)." ' The Oriental Navigator,' by J. Purdy, London,

1826, page 350. The information in this work about the Andamans is of somewhat old date

and " extracted chiefly from Capt. Richie's account."

* India Office Records.
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In the year 1758, Captain Mills, of the Drake, noticed "Land even with the

Mill 17S8 water" in Lat. n° 11', and " he says the land and (Alto,

' ' which he calls) Arracondam, bears of each other N. b. E.

\ E. and S. b W. \ W. distant 21 leagues,"1 which makes the latitude of Alto

(Barren Island) 120 ll', or within 4 minutes Of the now accepted value. This

quotation is of interest from the name Arracondam (presumably a corruption of

Narcondam) being applied to Barren Island. Although I do not think Captain

Mills' application of the name can be taken as proving anything, as he probably

so used it through imperfect imformation, still the point is worthy of notice in

connection with the origin of the term Narcondam alluded to in my memoir on

the volcanoes.*

I have not met with any record by Captain Alves or Baker. The discovery of

Justice 1771. a dangerous rock was reported by Captain Justice in 1771,

' which he describes in some detail8 and at the conclusion

says " Imagining I was to the westward of the Little Andaman I stood to the N.

N. E.—ward in order to get its true place, but on the 2nd November, at 6 o'clock

in the morning, I was surprised to see Barren Island ; it lays by my account, not

allowing the current, to be 20 miles to the westward of Barren Island* in the

latitude of iro7 or ii'ia."*

The following remarks by Captain Taylor8 of the Ship 'Ceres' are perhaps

Ta lor 1 80 worth reproduction in full, as illustrative of the inaccuracy

and uncertainty that prevailed about Barren Island until

late in the last century :—

X X X X X

"January 12" (1780), "per medium of 13 good sights of the longitude found

ourselves in 930 36' longitude from Greenwich, which is 1° 33' W. since last sights

and by the charts is nearly the longitude of the Islands, laid down in 12° and

ii° 30' N. Lat. by the name of Barren Island. Kept a very good look out in the

night and sounded as per log ; next morning at daylight saw a pretty large Island

bearing N.E. \ E., 10 leagues, the ext. of the Andamans (just in sight) from

W.N.W. to S.W. by S., 9 or 10 leagues. Till noon, that we had a good observation,

could not determine whether the Island in sight was the northernmost Barren Island

or Narcondam/ we observed in n° 59' N., the lat. of the northernmost Barren

Island as laid down in the charts; the Island bearing N.E. by N. between 8

1 Memoir of a Chart of the Indian Ocean, 1787, p. 37, in Dalrymple's Nautical Memoirs,

Vol. I.

» Page 284.

* He was not, however, the original discoverer of the danger, which was seen by Gough in

1708, and alluded to by him as previously known.

* i.e. the rock is 20 miles west of the meridian of Barren Island.

1 M. S. Bengal Public Consultations, India Office Records; and Memoir of a Chart of

the Indian Ocean, 1787, {op. eit.), p. 36. I may mention here, incidentally, that the earliest

illustration of Narcondam I have met with, is to be found on a " Chart from Negrais to the

Island Carnicobar, by John Richie, 1771 " (Dalrymple's Plans and Charts), as might be

anticipated in respect to an extinct volcano ; this sketch (" Narcondam, bearing E. by S.

distant 7 miles "), shows no perceptible variation from the present outline. On this Chart

Barren Island is not indicated.

6 Dalrymple's Nautical Memoirs, Vol. II.
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and 9 leagues distant which makes it come nearest the lat. of Barren Island. A

day or two afterwards by a very good observation within 2 or 3 miles from the

northern fend of it, find its latitude to be ia° 20' northern (21 miles to the northward

of its situation upon the Charts)1 and its longitude, by several very good observa

tions of the Sun and Moon, to be 930 10' E. from Greenwich.

The nearest of the Andaman Islands we could see bearing S. W. by from it

1 8 or 20 leagues. As for the southernmost Barren Island we concluded that it

did not exist, or if it did, that it must be very erroneously placed in the charts, for

the day after we saw Barren Island we were set to the southward in endeavouring

to pass to the eastward of it, and at noon had the Island bearing from N.b.W. to

N.N.W., 12 leagues and observed in 11° 48' N., which is nearly the southernmost

Barren Island (as laid down) notwithstanding which, saw no such Island although

the weather was very clear; since which time I was informed by the Captain of a

Portuguese schooner that he had seen both the Islands, the southernmost being

situated much further to the westward than laid down.

" I likewise have it from good authority that Captain Sharrington of the Bahar

country ship siw the rocks under its ship's bottom and sounded in 4 fathoms

Barren Island being N.N.W. 5 or 6 leagues. In the charts there is some dangers

laid down* to the southward of the southernmost Barren Island, I imagine it is

meant to be placed to the southward of the northernmost, as I think it seeris doubtful

whether there are but one or two Islands. The Island of Narcondam bears N. by

E. $ E. 23 leagues distant, from Barren Island in lat 130 26' N. and Long.

930 30' E. from Greenwich, both ascertained from very good observations. The

Island Narcondam and Barren Island appear very different when seen at some

distance ; so that, independant of their latitudes, with a simple sketch of each

Island a man could be at no loss readily to know the one Island from the other.

Narcondam makes like a sugar loaf, quite flat at the top, and may be seen at

least 18 leagues from the mast head, for we saw it 13 or 14 leagues from the

poop pretty high out of water, the weather rather hazy ; this distance may be

depended upon as its calculated from the bearings and differences of latitude.

" Barren Island appears much longer, but not quite so high ; the watermost

ext, is the highest, and makes with a peak, descending to a low point to the

eastward, although when you come near it, it seems of an equal height, with a

peak at each end; it may be seen at least 15 or 16 leagues, for it was high out of

the water when we saw it bearing N. by W. 12 or 13 leagues distant per

calculation."

In explanation of Captain Taylor's surmise, whether one Barren Island, or two,

existed, I may say that in various atlases of the eighteenth

One Island, or two? century3 tw0 small islands are marked, one nearly due

north of the other, on a meridian some 50 miles east of (what appears to represent)

Cf. Cough's observations, F. R. M.

That reported by Gough and Justice P F. R. M.

» e. g. "Le Neptune Oriental on Routier general des Cotes des Indes Orientales," Paris,

1745 (lilts Rases). "Carte de L" Inde par le Sr. D'Anville, dated 1752, contained in the

same author's " Geographie Ancienne Abregee,»' «769 Bases). " A New Directory for the

East Indies " (based on Le Neptune), 6th edition, London, 1767 (Birren Islands). " The East

India Pilot or Oriental Navigator," 2 charts dated respectively 1778 (Flat Islands and Barren

Islands— both names given) and 1781, Flat Islands.



PART i.] Mallet : Early allusions to Barren Island. 27

the South Andaman. The latitude of one varies from n° 21' to u° 30'; that of

the other from ii° 59' to 120 8'. In the French Atlases these are called the ' lies

liases,' while in some of the English they are called the ' Barren Islands ' and in

others the ' Flat Island.' However, one or two of these names came into use

("possibly through some mistranslation from one language into another), the

northern Isle Rase, as charted, agrees very fairly in position with Barren Island, and

cannot be intended for anything else. VVhat the southern Isle Rase was

intended for I do not know. It was not meant for the rock east of Duncan's

passage,1 for in some Atlases, (eg., Le Neptune Oriental), the latter is marked in

addition to the Isles Rases, in latitude io° 55' or n° o'.

Perhaps the most likely solution is that (like Narcondam, as previonsly men

tioned) Barren Island was duplicated on the charts, through discrepant determina

tions of its position. But it is at least a possibility that, like Graham's Island, in

the Mediterranean, the southern Isle may have been an ephemeral one, due to a

volcanic eruption, chiefly of fragmentary ejecta. It is conceivable that, after it

had been washed away by the sea, the last visible remnants were the rocks reported

by Captain Sharrington, 5 or 6 leagues S. S. E. of Barren Island, and that

even these subsequently disappeared, thus explaining Horsburgh's remark that

Sharrington's account " is rendered doubtful, for no signs of a shoal-batik in the

situation described have been discoverd for many years."8

Another possibility is that the temporary Island, and Sharrington's rocks, were

8. S. W. of Barren Island (the S. S. E bearing given by Taylor being

due to a not uncommon kind of clerical error). This would place them in the

line joining Flat Rock, Barren Island, and Narcondam, and on the suppositional

submarine ridge of Dr. Prain,* and would account, in another way to that suggested

above, for the rocks not being re-discovered to the S. S. E., as well as for the

statement of the Portuguese Captain. It would be useless, however, to pursue

this speculation reared on such a slender basis.

I have made unsuccessful attempts, at the libraries mentioned, to discover the

Blair 1 80 original of Captain Blair's report on the Andamans, part
a>r> 7«*9- of which> re]ating t0 i3arren Island, is quoted by Lieutenant

Colebrooke in the Asiatic Researches. The following letter,* however, dated 19th

April 1789, serves to supplement the above : "To the Right Hon"ble Charles Earf

Cornwallis, K. G„ Governor General, etc., in Council :—

My Lord • * * * After examining Diligent

Strait and the archipelago, I proceeded to Barren Island and found the volcano

in a violent state of eruption, throwing out showers of red hot stones and immense

volumes of smoke. There were two or three eruptions while I was close to the foot of

the cone ; several of the stones rolled down and bounded a good way past the foot

of it. After a diligent search I could find nothing of sulphur or anything that

answered the description of lava. • • • I have, &c. " Archibald

Blair. "

1 The 4 Flat Rock awash ' of the Admiralty chart ; that reported by Captain Justice.

* India Directory, 3rd edition, 1827, Vol. II, p. 37.

' See abstract of his memoir in the following bibliography.

•Bengal Political and Secret Consultations. Dated Fort William, the aist August,

1789, India Office Records. The portions of the letter omitted relate to the Andaman

Islands.
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The preceding account is, in most respects, very similar to that in the report

alluded to, and the chief interest lies in the final sentence. I have argued, on other

grounds,1 that the lava streams which how extend from the central cone westward

towards the sea were emitted, after Blair's visit ; but his own statement, that after

diligent search he could find nothing resembling lava, puts the question beyond dis

cussion. It is scarcely conceivable that any one, however inexperienced in volcanic

geology, could fail to recognize the true character of such typical streams

at the first "glance* There are, however, still further proofs that the lava was

emitted after Blair's time. From the points of issue the streams flowed

down the slope of the cone, and their heads now constitute a portion of its

surface, so that there have been no accretions to the cone since the occurrence

in question. But it is shown, in the succeeding paragraphs, that the cone

has greatly increased in bulk since 1789, and any lava emitted then, or previ

ously, and solidified on its flanks, would now be deeply buried beneath the later

products of eruption. I have previously stated,8 that no fragmentary ejeeta (scoria?,

&c.) have ever fallen, direct from the crater, on to the surface of the lava, which

must, therefore, have been emitted after the last eruption of such material. Id

other words, the lava must be the latest volcanic product, and cannot, apparently,

have been emitted earlier than 1804, the date of the last outburst of which we

have any record. We have no reason to suppose that the different streams were

emitted at considerable intervals, and the existence of the hot spring in 1832 shows

that the southern stream, at least, had been poured forth before that date.* That Blair

found no sulphur is very natural. The superficial deposits are entirely confined to the

newer cone,6 which was inaccessible to him, owing to the eruption. Even if he

could have ascended it, he would have found none. The present deposits have been

formed since the last eruption of scoriae, and therefore long after his visit, while the

outburst he witnessed must have destroyed, or buried, any previously visible.

Captain Blair's landing on the island still remains the first, of which we have

any record.

It is worthy of mention in connection with Blair's visit, that Test's " view of the

volcano on Barren Island, bearing east, about one mile off" 8 taken the day before

Blair landed, gives the means of arriving at an approximation to the height of the

newer cone at that time. The sketch represents the summit of the cone as rising very

slightly above the sky line of the old crater rim behind it, and a careful comparison

of corresponding points in the sketch, and in Hobday's map of 1884, shows that the

artist, the summit of the cone, and the eminence on the old crater rim which

Hobday marked as 1060 feet, in height, were in a line ; and likewise shows that the

eminence in question was concealed, and only just concealed, by the summit of the

1 Mem. G. S. I, Vol. XXI, p. 271.

* There was of coarse lava in abundance visible to Capt. Blair, at a distance, where it

outcrops, interbedded with scoriae, on the scarped walls of the ancient crater. But its pe

nological character in such position would be far from self-evident to a non-geologist.

* Mem. G. S. I., Vol. XXI, p. 9;i.

4 / bid p. 274.

1 There may possibly exist buried deposits amongst the rocks of both the ancient and1

the newer cone.

* A water colour sketch measuring 161 inches x 6 1 British Museum library, Press mark

K. 116, 31, Vide Mem. G. S. I. Vol. XXI, p. 262, the illustration accompanying this)

paper is a photographic reproduction on the scale of one-half.
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cone1 : in other words, the eminence and the cone subtended almost exactly

the same angle, their respective distances from the point of view, and the height

of the eminence,8 being obtained from the map, give the height of the cone as

exactly 800 feet, assuming the two angles involved to be identical, and that Test

estimated his distance from the shore correctly. I do not think any probable

difference in the angles would make a difference of more than 20 or 30 feet in the

height, while an error of a quarter of a mile in the estimated distance, one way or

the other, would make a difference of about 30ft. The errors due to these two sources

if they exist, may partially, or entirely, neutralize each other ; but even if they are

both of the same sign, the total error is probably well under 100 ft., and is almost

certainly not over this amount. While, therefore, it may be taken as almost beyond

question, that the height of the cone was between 700 and 900 ft., it is much more

likely that it was between 750 and 850 than outside these limits, and the most pro

bable altitude is about 800s.

Lieutenant Wales' sketch, as reproduced in the Asiatic Researches (Vol. IV) is

on a smaller scale than Test's, and shows marks of less careful elaboration ; but the

height calculated from it agrees very fairly with the above, giving the most prob

able elevation as between 800 and 830 ft., the lower figures being the more

likely.

Corroborative evidence of a considerable increase in the size of the cone is

afforded by a large protuberance, represented in Test's sketch on the lower part of

the north-western slope. This was quite obliterated in 1884, owing, doubtless, to its

having been buried beneath the ejecta that have been emitted since Test used his

brush.

Supposing the true height to have been 800 ft., the cone, which is now 1015

must have just doubled in bulk between the time of Blair's visit and 1857, since

which date we know that there has not been any eruption, a suggestive conclusion

in regard to the period of time during which the entire pile may have been heaped

up.*

Test, like others,6 over-estimated the slope of the newer cone, where, as is most

ly the case, the sides are composed of fragmentary ejecta, the declivity is almost

perfectly uniform, at an angle of about 3a degrees, except near the base, where

the inclination gradually diminishes in a graceful curve.4

1 That is to say if the cone were away, the skyline of the crater rim would be seen to

rise towards, and culminate in the eminence. As the sky line at each side is but slightly lower

than the summit of. the cone fin the sketch), the eminence must be, as nearly as possible,

equally high.

3 Test's sketch gives no reason to suppose that the height of the eminence is different

now to what it was in 1 789, although it is perhaps a few feet more, owing to accumulations

of scoriae due to the eruptions since then. Any alteration due 'to movement of the crater walls

(had such occurred) would probably be in the direction of subsidence, and would tend to re

duce the calculated height of the newer cone.

* According to Blair's account, as quoted by Colebrooke, the elevation was " 1 ,800 feet

pearly "; a manifest clerical error. Were the figures he actually gave 800 ?

« Cf. Mem. G. S. I„ Vol. XXI, p. 265.

* As pointed out by Dr. Ball (Records, G. S. I., Vol. VI, p. 82).

* See illustration in Mem. G. S. I., Vol. XXI, p. 251.
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The following extract from the log of the Ship ' Worcester/1 commanded by

„ „ Captain Hall, adds one more to the recorded eruptionsHall, 1705. . , , , ' r ■ ■■

towards the close of the last century :—

"Sunday, 20th December, 1795. At 10 a.m. the Commodore made the signal

for seeing the land. Saw a long Island higher at the westward end sloping gently

to the eastward N. W. \ W. 1 4 or 1 5 leagues off deck. At noon it bore from N. W.

to N. W. \ W. take it for Barren or Monday Island. In the centre a smoke arises

and has the appearance of a volcano. Its Lat. by the bearings is 120 22' N. and

Long, by my chron. No. 1, 930 54' E. Greenwich X x x x .

" Monday, 21st x x x x . At 6 A.M. it bore S. $ W. about 10

leagues and Narcondam (both from the deck) N. N. E. J E. about 12 leagues.

It was astonishing the repeated columns of black smoke which were sent up.

There appeared no hill (as the whole Island is nearly a plain surface gently slop

ing to the eastward as mentioned in yesterday's log) but the smoke was from the

other side of the ridge or on the eastern side."

Any one unacquainted with the (rue topography of the Island, and viewing it

from a distance of several leagues, might easily suppose it to have a nearly plain

surface, or to form a ridge. Captain Hall's remark that the Island is " higher at

the westward end sloping gently to the eastward " agrees with Captain Taylor's

that " the westernmost extremity is the highest, and makes with a peak descending

to a low point to the eastward. " But this appearance is evidently a deceptive one,

as Captain Hobday's map shows that the volcano is highest towards the south

east, and we have evidence, in Test's sketch of the Island in 1789,8 that, as far as

the ancient cone is concerned, the outlines then were practically identical with the

present ones.

The volcano was again in £ruption at the end of January 1804, when H. M. S.

"Caroline" passed the Island. The log3 contains the follow-

Cason, 1 04. entrv on ,jje 31st—"Several eruptions of fire from the

volcano on Barren Island during the night." This outburst (as pointed out by Dr. V.

Ball *) is also mentioned, by one of the officers, in an " account of a voyage to

India and China, etc., in H. M. S. " Caroline." 6 His remarks are given in the

following table.

Not one of the observers before Colebrooke (1787) record any appearance of

Probable condition smoke rising from the Island, or make any remark indica-

of volcano in 18th cen- tive of their being aware of its volcanic nature, from which

tury" it may not unreasonably be assumed that, when they saw

the volcano, it was quiescent or at most giving off a little steam.6 It seems difficult to

imagine that while the bearings, etc., of the Island were duly recorded in the log, an

eruption, if witnessed, should be absolutely ignored, and we may, perhaps, further

surmise that the volcano was in the same condition when seen by the unknown

1 India Office Records.

1 Vide accompanying reproduction and Mem. G. S. I., Vol. XXI, p. 262.

• Public Record Office.

' Geological Magazine, 1888, p. 404.

• Phillip's Voyages and Travels, Vol. V.

• Colebrooke saw smoke when he was 7 leagues off the Island, and Hall (1795) when 10

leagues, or more. Such indeed would be easily visible when the Island itself was below the

horizon.
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observers who first applied the names ' Monday' and 'Barren' Island ; at dates we

are unacquainted with, but which seem not improbably to lie between 1708, when

Stretham charted the Island as an anonymous one, and 1748, before which time

both names appear to have been in use.1 Had the volcano been in eruption when

the observers in question saw it, it does not seem unlikely that they would have

given names suggested by the remarkable phenomenon of which they were specta

tors.8

Assuming, however, that the volcano was quiescent at the dates previously given,

it would still be unsafe to argue very confidently as to its general condition in the

eighteenth century, as, during the intervals of which nothing is known, many

eruptions may have occurred for ought we can assert to the contrary. But, at the

same time, the fact that on every one of the six dates included in the following

records, between 1787 and 1804, the volcano was very active, and mostly in erup

tion, while on each of the (three or) four dates between 1748 and 1780 it appears

to have been quiescent, can hardly be attributed entirely to chance. Hence it can

scarcely be doubted that several outbursts during the two decades following 1785,

have passed unnoticed, while we shall, perhaps, not greatly err if we regard the

preceding four decades as a period of at least comparative, and possibly total, tran

quillity. There is also, as we have seen, some very slight ground for surmising

that this tranquillity may have extended back to the early part of the century. Of

antecedent ages we know nothing from direct observation unless the suggestion

thrown out in connection with Linschoten's map may be taken as one very faint hint.

In conclusion, it may be convenient to add a revised edition of the tabular

abstracts given in my memoir on the volcano, 3 incorporat

ing the preceding records, and also the observations that

have been made since 1884.

Tabular abstract.

Date. Condition of volcano. Temperature of hot springs. Authority.

I59S The Island appears to have

been known at this time,

but there is no indication of

its volcanic nature having

been recognised.

Maps in Van Linscho

ten's itinerario.

7th Dec. 1708. Dormant • • • •

Dormant ....

Captain Gough ; log
of ship *'Stretham.'T

38th & 39th Oct.

1748 Captain Cheyne ; log

or ship "Lapwing."

1758 Dormant ? . . . Captain Mills, of ship

"Drake. "Memoir of

a chart of the I ndian

Ocean, 1787, p. 37,

in Dalrymple's Nau

tical Memoirs, Vol.1.

1

1 Cf. Notice of Cheyne's observations, and foot-note mentioning " Le Neptune Oriental *

etc.

1 Cf, however, foot-note in the next paper, on the possible origin of the name

• Barren.' ^

« Mem. G. S. I., Vol. XXU p. 272 and 375. '
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Date.

and Nov. I771

13th & 15th Jan.

1780 •

1 ath May 1787

24th March, 1789.

Condition of volcano.

1791

soth and 21st

Dec., 1795-

November, 1803.

39tk-3«st Jan-i

1804.

Dormant .

Dormant

" Column of smoke ascend

ing from the summit" was

seen from a distance of 7

leagues. No nearer approach

to the Island was made.

"The volcano was in a vio

lent state of eruption, burst'

ing out immense volumes of

smoke, and frequently show

ers of red hot stones. Some

were of a size to weigh

three or four tons, and had

been thrown some hundred

yards past the Coot of the

cone. There were two or

three eruptions, while we

were close to it ; teveral of

the red hot stunes rolled

down the sides of (he cone,

and bounded a considerable

way beyond us.*'

The newer cone was probably

about 800ft- high.

" A quantity of very white-

smoke close to the crater."

On soth smoke observed 1

on 2 1st, " It was astonishing

the repeated columns of

black smoke which were

sent up."

" Exploded regularly every

10 minutes, projecting each

time a column of black

smoke perpendicularly to a

great height ; and in the

night, a fire of considerable

size continued to burn on

the east side of the crater."

jgth. Volcano " was burning

very fiercely, the eruptions

taking place every eight or

ten minutes, with a hollow
rumbling noise. • • • We

passed within a mile of it,

and as the winds were tri

fling we observed the erup

tions lor three days and

nights successively." 31st.

Several eruptions of fire

during the night.

The recent lava streams

appear to have been emitted

not earlier than this date.

Temperature of hot springs.

No mention of the spring.

Blair was the first who

landed on the island, as

far as is known.

Authority.

Captain Justice,

M,ship 'Union '

Bengal Public con

sultations, and

Memoir of a chart of

the Indian Ocean

(op. cit.), p. 36.

Captain Taylor, of

ship "Ceres." Dai

rympie's Nautical

Memoirs, Vol. II.

Lieutenant Cotebroke,

Asiatic Researches,

Vol. IV. p. 397.

 

 

Capt. Blair, quuicu

Colebrooko ;loc. 1

Letter from

Blair, dated 19

April, 1789.

Test's sketch of^rd

March, 1789.

India iDirectory, by

J. Horsburgh, 3rd

edit. (1827), Vol.

"» P- 37.

Capt. Hall; log of

ship "Worcester."

Horsburgh ; lac. cit.

Officer of H. M. S.

"Caroline"; Phillip's

Voyages andTravels,

Vol. V.

Loir of the"Caroline."



PART I.] MALLET: Early allusions to Barren Island.
33

Date.

March, 1832

April, 1843

1852

iSth Dec., 1857 .

Ibid.

19th March, 1858

1862

19th April 1866

March 1873

Condition of volcano.

" Large volumes of thin

white smoke kept continual

ly issuing" from the sum

mit.

The southern lava stream

was emitted before this

date, as evidenced by the

existence of the hot spiing

Probably the other recent

streams had also been

poured forth

From the summit of the cone

" a clear and full stream of

transparent vapour issued,

so transparent that it was

not perceptible from the

sea."

Very active .

*' Some smoke was seen oc

casionally to issue from the

slope of the cone " a little

way below the summit.

The date of the last eruption

is unknown, but the un

changed condition of the

crater shows that there was

none between December

1857 and April 1891.

"Clouds of hot watery

vapour," with a sulphurous

smell, issued from cracks

near the summit, on the

northern and southern

edge* of the crater.

The recent lava streams

were (superficially) ''cold."

Sulphurous vapours issuing

along the edge of the

crater.

A whitish vapour was evolved

from several deep fissures

near the summit.

From the highest point on

the northern edge of the

crater a thin column of

white vapour, and sulphu

rous fumes were slowly

poured forth.

Temperature of hut *prings. Authority.

" On approaching to within a Commander of a ship j

hundred yards of the shore, I Journal, Asiatic So-

\ve were suddenly assailed i ciety of Bengal-

by hot puffs ot wind, and | Vol. I, p. 129.

on dipping cur Angers into

the water, were surprised

to find it as hot almost as

it it had been boiling. The

stones on shore, and the

rocks exposed by theebbing

ol the tide, were smoking

and hissing, and the water

was bubbling all round

them."

Temperature "too high to

be borne by the hand, the

mercury in the only ther

mometer in our possession

rising immediately to 1400—

its limit."

Captain Miller j Cal

cutta Journal of

Natural History,

Vol. Ill, p. 423.

" Bombay Time3,"

July, 1852.

Dr Playfair; Selec.

Rec. Govt, of India

(Home Department),

No. XXV, p. 123,

Mem. G. S. 1 , Vol.

XXI, p. 268. Dr.

Prain j see below.

"A natural boiling spring.'

"The water, where escaping

from the rock, must have

been nearly at the boiling

point."

' Scalding hot"

158° to 163° F.

130

Dr. Mouat j Resear

ches amongst the

Andaman Islanders.

Dr. Liebig ; Zeit-

schrift der Deutsch

Geol. Gesellschaft,

Vol. X, p. 399.

Selec. Rec. Govt, of

India, No. XXV.

p. 126. Also (n Jour.

As. Sue. Bengal,

Vol. XXIX, p. 1 ;

and in Mouat's Re

searches.

Rev. C. Parish ; Pro

ceedings, Roy. Geog.

Soc, Vol. VI, p. 217.

Andaman Committee ;

Proceedings, As.

Soc. Bengal, Oct.

1866, p. 215.

Prof. V. Ball; Records

G. S. I, Vol. VI.

p. 88.

D
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Data. Condition of volcano. Temperature of hot springs. Authority.

Feb. 1884 Superheated steam, with sul

phurous vapour issued

rather copiously from the

solfatara on the north side

of the crater, the column,

as it rose into the air, being

visible from the landing-

place, or even some distance

out at sea. Steam, in

■mailer quantity, issued

from some other spots also.

io6°toii6° F. R. Mallet; Mem.

G.S.I., Vol. XXI,

p. 373, 374.

a^th April 1886 . "From the ship the thin

column of steam (from the

central cone) could be bare

ly seen at 3 miles distance."

110° . Capt. Carpenter,

R. N..H.M. I. M.S.

' Investigator '; Re

cords, G. S. I.,

V«l. XX, p. 48 Mr.

Daley, of Investi

gator; Ex. Gt.

April 1891 Some steam issued from the

crater but considerably less

than in 1886; it was not

visible from the sea, or even

from the landing-place. New

crusts of sulphur, from J

to 2 j inches thick, had been

formed at the solfataras

since February 18S4.

1030 to loo*. Dr. Prain ; Proceed

ings, As. Soc.,

Bengal, May, 1891,

p. 84.

1894 " The Volcano is apparently

entering on a period of re

newed activity." This

somewhat vague statement

does not seem to have been

Port Blair correspon

dent of the Allaha

bad 'fioneer',- quot

ed in 'Nature', 7th

June 1894, Ip. 131.

' corroborated .

Bibliography of Barren Island and Narcondam, from 1884 to 1894;

with some remarks by F. R. MALLET, F.G.S., late Superintendent,

Geological Survey of India.

The Bibliography of the Islands up to 1884 may be gathered from Dr. V. Ball's

paper in an earlier volume of the records,1 from my report of 1884, and from the

preceding pages. The following papers have appeared during the last ten years,

but I am not prepared to say that the list is complete, as there may be other refer

ences to the Islands which have escaped my notice.

1. " Volcano of Barren Island in the Bay of Bengal" : American Journal of

Science, Vol. XXXI (1886J, p. 394. A critical notice of my Memoir, by Pro

fessor J. D. Dana.*

* Vol. VI (1873), p. 81. Republished in the Geological Magazine 1879, p. 16.

* It is, perhaps, worth mentioning here, that the statement, alluded to by Prof. Dana,
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The writer discusses the way in which the upper part of the cone of a volcano is

destroyed, and a great crater, like the ancient one of Barren Island, produced.

He holds that, during a paroxysmal eruption, the portion of the cone in question

is not blown away peacemeal, but that the walls of the crater are undermined by

the melted lava, and sink down in consequence into the abyss beneath. " Finally

in the catastrophic eruption when the force from the rising vapours and from other

conditions becomes greater than the mountain can withstand—a point often abrupt

ly reached—the sides break and one or more fissures let out the liquid lavas-

However explosive the action, the solid rock of the summit of the cone, while it

may be more or less removed by the forces engaged, instead of being projected

over the outer slopes, sinks down into the abyss so made. Thus a volcanic cone

under the most formidable of explosive eruptions may lose its head, but if so, it is

by swallowing it, or simply by a collapse. The same is the process in quiet

Kilauea, the solid lavas of the borders of the fiery region sink because the discharge

of the liquid rock makes a void beneath them."

. A subsidence of the lava in Kilauea, and concomitant collapse of the crater

walls into the fiery lake, which took place last July, was observed by Mr. L. A.

Thurston, apparently the first actual eye-witness of such an occurrence. His

graphic account1 is in complete accordance with Professor Dana's view. But Kilauea

is a volcano of an unusual type, and widely different from Vesuvius or Barren

Island. However large a share engulphment may have in producing great craters

in volcanoes of the latter type, that it is the sole agent and that ejection of the

material of the crater wall, in a more or less communicated state Cproduced mecha

nically, or by fusion), never plays a prominent part in the affair, is an opinion

widely at variance with that held by most volcanologists.

2. " On soundings recently taken off Barren Island and Narcondam by Com

mander A. Carpenter, R.N„ H.M.I.M.S., ' Investigator/ the officer in charge of

the Marine Survey of India." By F. R. Mallet. Records, Geological Survey of

India, Vol. XX of 1887, p. 46.

The results of soundings, taken in May 1886, are given with some remarks

thereon. The depths measured within four miles of Barren Island range up to 855

fathoms, aud those within a league of Narcondam up 10652. Sections of the

islands are appended, based on Captain Carpenter's soundings and Captain

Hobday's maps.

3. " The volcanoes of Barren Island and Narcondam in the Bay of Bengal."

By V. Ball, M.A., F.R.S.. F.G.S , Geological Magazine, 1888, p. 404.

Mainly a notice of the chief results of the survey by Captain Hobday and myself

in 1884, with some remarks thereon. Refers to the eruption of January 1804, seen

by an officer of H. M. S. ' Caroline' {vide preceding paper.)

4. " The Andamans and Andamanese " By Colonel T. Cadell, V. C, Scottish

Geographical Magazine, February 1889, p. 56.

Includes a brief account of Barren Island, written partly from personal observa

tion, partly from previous descriptions.

that the cone " has been entirely built up during the last 1800 years," is not merely in con

nection with Barren Island, but a quotation from Professor Judds' 'Volcanoes,' in reference

to Vesuvius.

1 American Journal of Science, Vol. XLVIII (i894),p. 338.
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5. " On the present condition of Buren Island." By D. Prain, MB., Proceed

ings, Asiatic Society of Bengal, May, 1891, p. 84.

Gives some of the geological results of a visit in April 1891—An abstract

of these is included in the preceding table. *

6. " Remarks on the Fauna of Narcondam and Barren Island. " By D. Prain,

M. B., Proceedings, Asiatic Society of Bengal, April, 1892, p. 109.

The paper is almost entirely geological, but, at the end, contains some remarks

on the relation between the geology and biology. The author recognises that the

islands are, and always have been, oceanic. " The present physical conditions

in Narcondam appear, moreover, to be very ancient ; there is no trace of a crater at

the top of its peak which rises 2,330 feet above the level of the Andaman Sea, and

the whole island is clad with a dense jungle much richer in species than the forest

on Barren Island is. But though the present biological features of Barren Island

are of a much more modern aspect, it is not necessary to consider that island as

really less ancient than Narcondam. The topography of its outer cone, combined

with the historical fact of recent activity on the part of the volcano, points to the

possibility of some catastrophe similar to that which devastated Krakatau, having

once happened in Barren Island, and if this has been the case it would follow that

the island must have required, even if previously covered with vegetation, to be

stocked de novo with vegetable and animal life. Still, granting that the present

fauna and flora of Barren Island are of more recent introduction than those of

Narcondam, the fact remains that we must look upon every species present, even

in the island with the older biological features, as an immigrant one. "

The only catastrophic outburst of which evidence still remains, and that, I

presume, referred to by Dr. Prain is the one which probably effected the trunca

tion of the ancient cone, and originated the crater now over a mile in diameter.

From a biological point of view, as well as from a geological one, therefore,

the period at which this change took place is of some interest. It is impossible to

form any definite estimate of the time involved, but there is reason to believe

that the event occurred at a very remote epoch. The deep gorges which score the

external slopes of the volcano, point to long^continued denudation, which shows

no apparent signs of having been interfered with by lava flows from the ancient

cone. But still more suggestive is the gorge which debouches into the crater

S. S. E. from the hot spring, unless, as is conceivable, this ravine, drained into a

great east and west " barranco," which may possibly have existed prior to the ori

gination of the present amphitheatre, the ravine must, apparently, have been

excavated since the amphitheatre was formed. That is to say, since the event in

question, some hundreds of feet of alternating scoriae and lava beds have been cut

through near the mouth of the gorge, where it is deepest. The stream, too, which

has done the work, owing to its small size, and the porous nature of the rocks, is

under the disadvantage of flowing only in the rainy season, and perhaps not

constantly even then.1

The time indicated above is so immense, compared to that during which the

1 The water, for some distance seaward from the breach, appears to have been somewhat

reduced in depth, owing, doubtless, to the material swept into the sea from the gorge jus;

mentioned, and from the amphitheatre generally, combined with the submarine portion of tbe

recent lava (cf. sections in Vol. XX, p. 48.)
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materials of the present cone may have been piled up,1 as to suggest that the

paroxysmal eruption, supposed to have truncated the ancient cone, was perhaps

followed by a long interval of quiescence, before the building up of a newer cone

was begun, and several such may have arisen, and been destroyed, before the

present one was reared. In comparison with the antiquity of the older cone, the

existence of the present one may date from almost yesterday. Or, to put it

differently, while the duration of the one must be measured by geological time, it

is possible for the other to have originated during an even historically recent

period.8

Granting that life was extinguished by the catastrophe just alluded to, as

suggested by Dr. Prain, the question may be raised whether the present fauna and

flora date from that epoch, or from a still later destruction due to some overwhelm

ing shower of ejecta. I am not competent to express any opinion as to the time

required to re-stock the island : but looking simply to the probable intensity of

the eruptions in comparatively recent times, i.e., since the present cone was

commenced. I see no cogent ground for regarding a total destruction of the

island life as very probable. There is no reason for assuming that the earlier out

bursts from the present cone were on an essentially grander scale than the later

ones ; and I have shown in the preceding paper that a large fraction, perhaps half

the bulk, of the cone3 has been added by the eruptions that have occurred since

1780. But Test's sketch shows that the exterior slopes of the island were well-

wooded at that date, and that the arboreal vegetation was not subsequently destroyed

may be inferred from Capt. Miller's describing the outer slopes as well-wooded in

1843, and from the fact that no remains of lifeless forest have ever been noticed.1

At the same time it can scarcely be doubted that considerable damage has been

done to the vegetation, perhaps on many occasions. But such damage would be

much more severe in the amphitheatre than on the external declivities.6

7. "Note on the occurrence of quartz in an Indian basic volcanic rock." By T.

H. Holland, A. R. C. S., Bulletin of the Microscopical Society of Calcutta, Vol. II,

No. 6 (1893), p. 3.

The rock in question is from Narcondam, and described by the author as a

basaltic andesite, the quartz being regarded as of volcanic, not extraneous origin.

1 Cf. remarks in preceding paper in connection with Blain's visit, and Mem. G. S. I.,

Vol. XXI, p. 265.

a If we may regard the relative bulks of the two cones as giving some sort of rude illus

tration of the orders of magnitude of the two periods involved, we find that while the newer

cone is about i,coo ft. in altitude, the ancient one was probably Once 8,000 or 10,000 from

the sea floor (Vol. XX, p. 46), requiring, perhaps, 500 or 1,000 times as much material.

• That is to say, the cone above sea-level, and not including the mass of material which

was doubtless required to fill up the ancient crater to that level.

* Cf. Memoirs, G. S. I.. Vol. XXI, p. 262.

1 If the view expressed in the above paragraph be correct, the island can scarcely have

acquired its name from any striking barrenness of the now well-wooded outer slopes. Al

though I believe the name was most probably given on account of the barrenness of the newer

cone, and parts of the amphitheatre, it has occurred to me, as a possibility, that, as the word

Narcondam is of eastern origin, so ' Barren' may be an English corruption of some name

applied by the Asiatic sailors of the region in question. The Hindustani barna, to burn,

barat, burning, and bathm jon, a volcano, for instance, are somewhat suggestive. Some re

ference to the island may yet be discovered which will elucidate the origin of the name.
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8. "On the Volcanoes and Hot Springs of India, and the Folklore connected

therewith." By V. Ball, C.B., LL.D., F.R.S. Proceedings of the Royal Irish

Academy, 1893, p. 151.

Refers, inter alia, to Barren Island and Narcondam.

9. " The Volcanoes of Barren Island and Narcondam in the Bay of Bengal."

By V. Ball, C.B., LL.D., F.R.S., Geological Magazine, 1893, p. 289.

Descriptive of a model of Barren Island, constructed under the author's superin

tendence, and based chiefly on the data supplied by Capt. Hobday's map. A bird's

eye photographic view of the model is given, in which the sea surrounding the island

is also represented. The paper concludes with some notes on the fauna of the islands.

10. "On the flora of Narcondam and Barren Island." By D. Prain, M.B.

Journal of the Asiatic Society of Bengal, V ol. LXII (1893), Part II, p. 39.

A memoir divided into three sections. The first, or ' Introductory sketch,'

commences with some remarks on the hydrography of the Bay of Bengal (in its

wider sense), for the portion of which, enclosed by the Andaman and Nicobar Is

lands, Alcock's name of ' Andaman Sea' is adopted. Carpenter's soundings round

the two volcanoes' are reproduced, with some additions : the configuration of each

island is described, and a summary account of its vegetation given,* the soundings

round flat rock3 are added, which the author very plausibly suggests is probably of

Volcanic origin. The bathymetry of the Andaman Sea is reviewed, and the ques

tion of the northern prolongation of the line of volcanoes through the Sunda Islands,

Java, Sumatra, Barren Island, and Narcondam is discussed. This the author,

following Dr. W. T. Blanford, considers, is to be found in the extinct volcano of

Puppa, in Upper Burma, and that near Momein, in Yunnan, which, as he remarks,

lie in common with the volcanoes of the Andaman Sea, to the eastward of, and

rudely parallel to, the line of elevation represented by the Andaman Islands and the

Arrakan Yoma. Evidence is likewise adduced to show that Flat Rock, Barren

Island, and Narcondam are not isolated peaks rising from the sea-floor, but are

situated along a submarine ridge.

The second portion of the Memoir is an annotated list of the plants found on

the islands, an 1 the third discusses the "Nature and origin of the Flora." 174

species were discovered, of which 138 occur on Narcondam and 88 on Barren

Island, only 52 being common to both volcanoes. In conclusion the probable

mode of introduction—by the sea, by winds, by birds, or by man—is taken into

consideration. Appended are two bathymetric charts of the area surrounding the

Andaman Islands.

An abstract of the Memoir was given in the Geographical Journal for March

1894, p 234.

' Records, G S. I.. Vol XX, p. 46,

' With reference to ihe foot-notes in Dr. Prain's Memoir, at pages 45, 49, 56, anJ 77, in

connection with the occurrence of cocoanut trees on the islands, I may say that Mr. Wight,

2nd Officer of the I. M.S. ' Celerity,' and I, landed at Coco Bay in Narcondam, .and saw the

trees in question there. We found a large log of teak, with hewn ends, on the beach, which

may be presumed to have drifted from the mouth of some Burman river; a suggestive fact

with reference to the origin of the cocoanuts from which the trees have sprung, and of other

species of plants also. We, and several other members of the expedition, also landed at

Anchorage Bay, in Barren Islar.d, the surf at the time being comparatively slight.

1 The rock eakt of Duncan's passage, alluded to more than once in the preceding paper.
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On the importance of the Cretaceous Rocks of Southern India in estimat'

ing the geographical conditions during later cretaceous times1; by

Franz Kossmat.

Our knowledge of the extra-European cretaceous rocks, more especially those

of the Indo-Pacific area, has, in the course of the last few years, made enormous

strides, and we shall soon be in a position to form a clear conception of the

zoological and geographical conditions of that period. The cretaceous rocks of

Southern India, which formerly, in spite of their great wealth of- fossils, were

accorded little more than the importance of a mere local development, are now

coming more and more to the front, since the elements of their fauna have been,

discovered in a great series of cretaceous beds, while Neumayr a in his " Erdge-

schichte " selects them as the type of the Pacific cretaceous area.

Nevertheless, since the" completion of Stoliczka's 3 great monograph on the cre

taceous Fauna of Southern India, neither our palaeontological nor yet our stratigra-

phical knowledge of this important area has been appreciably extended, although

of late years, the urgent necessity of revision—more especially as regards the cepha-

lopods—has repeatedly asserted itself. Opportunity for such research is now offered

by the new collection made in the Trichinopoly district during the winter of 1892-93,

and part of the summer of 1893, by Dr. H. Warth, of the Geological Survey of India,

and- sent by him to Prof. Waagen, at Vienna, who has entrusted this interesting

and important task to me. Our material for this research is now practically com

plete, owing to the addition to it of a large number of Stoliczka*s original specimens,

which have been sent to us for re-examination by Dr. King, the late Director of

the Geological Survey of India.

The results, as regards palaeontology, will shortly be published in the "Beitrage

zur Palaeontologie und Geologie " (edited by Professor W. Waagen), to which I

hope to add a detailed account of those relating to the stratigraphical and zoolo

gical conditions. I will, therefore, at present restrict myself to a few general

conclusions.

Owing to their peculiarly favourable position between the chalk of the Altantic

and that of the Pacific area, the cretaceous rocks of Southern India are eminently

adapted to serve as a starting-point for observations on the zoo-geographica condi-

1 Translation of paper published in the Jahrb k.k. Geol. Reichsanst 1894, Vol. 44, pt. 3.

• M. Nenmayr: Erdgeschichte, Vol. II, p. 390.

* F. Stoliczka: Cretaceous Fauna of Southern India (Palaiontologia Indie 4 Vol:.

Calcutta, 1865-1873.

B



4o Records of the Geological Survey of India. [VOL. XXVIH.

tions of later cretaceous times. Their fauna combines in itself the elements both

of the eastern and of the western hemisphere, and thus serves as a connecting link

between the two.

On the subject of the rich endemic fauna of the Indian cretaceous rocks, and the

interesting survivors from older beds, which play such an important part in them,

it would not be advisable to speak here.

The cretaceous rocks of Southern India fall into two main divisions : viz., the

larger Trichinopoly district, and the smaller and more northerly Pondicherry

area—both south of Madras, and part of the so-called Coromandel coast, on the

eastern side of the Indian peninsula.

During the geological survey of the Trichinopoly district,1 it was found that a

large number of the fossils collected bore a striking resemblance to forms occur

ring in Central Europe, and Stoliczka, in his work on the fauna, was thereby induced

to unite no small proportion of the species — among the cephalopods no less than

25 per cent. — directly with European forms. Although oh re-examination several

of these identifications have proved erroneous, the affinities to the European fauna are

still remarkable, more especially if we have regard not only to identical, but also

to closely allied, forms. Extremely important also, and of great service in estimat

ing the age of the beds of this system, is the fact that the succession of individual

forms is to a great extent identical with that seen in Europe—a fact not fully

appreciated by earlier observers.8 %

. At the base of the Utatur group, just as in Europe at the base of the cenoma-

nian, occur Schlcenbachia infiata Sow. and several allied species, Hamites armatus

Sow, Turrilitcs bergerx Brongn., etc. In higher beds we meet with an extra

ordinarily rich Acanthoceras fauna, of the type of Ac. rhotomagense Brong.,

while a large number of other well-marked forms, such as Turrilites costatus

Brong., and Alectryonia carinata Lam. identify this horizon as the equivalent of the

middle and upper cenomanian. The uppermost beds of the Utatur group I

consider to be of lower turonian age, the typical Acanthoceras element having

disappeared, and being replaced by Ammonites related to the European Mammites

nodosoides {Amm. conciliatus Stol.) and to the well-marked Inoceramus labtatus

Schloth. of the turonian. . .

The Trichinopoly group abounds in excellent specimens of Gastropods and

Bivalves, which are, however, of little assistance in the determination of the

horizons. Ammonites of central-European character are somewhat scarce, some

very well-marked forms, however, being present. In the lower Trichinopoly group,

Am.serralo-carinatus Stol. (allied to Am. bravaisianus Orb.) represents the turonian

form Prionocyclus, while with it are associated typical forms of the important group

of Pachydiscus peramplus Mant. The higher beds of the Trichinopoly group are

marked as lower senonian by their gastropods and bivalves, but more especially by

a Schlcenbachia of the tricarinata type and a Placenticeras extending from the

group of P. placenta Mort.

In the Ariyalur group, the most important cephalopods are the upper senonian

1 H. F. Branford: On the cretaceous and other Rocks of the South Arcot and Trichino

poly Districts ; Madras (Mem. Geol. Surv. India. Vol. IV, pt. I.) Calcutta 1865.

s K. Stoliczka merely remarks that the Utatur group (the oldest of the three lower

divisions) may be broadly compared to the cenomanian, the Trichinopoly group to the

turonian and the Ariyalur to the senonian. (loc. cit. vol, IV, p. II.)
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Pachydiscus and Baculites. In the highest division at Ninnyur, which ought pre

ferably to be separated from the rest of the group,1 the ammonites have disappeared

while Nautilus danicus Schloth., and numerous gastropods and bivalves of more recent

type, mark these beds as the boundary between the cretaceous and tertiary rocks.

To the Ariyalur group also I refer the great fauna of Pondicherry, which was

considered by E. Forbes 8 to be of lower - cretaceous age. Stoiiczka, following

Blanford,3 endeavoured to distinguish, by their fauna, two horizons, the older of

which, the Valudayur group, he characterised as cenomanian (Utatur group),

while the other he considered to be of the same age as the Ariyalur group. In

the course of time, however, it became evident that many of the fossils of the

Valudayur group occurred in the Ariyalur beds of the Trichinopoly district, and

Stoliczka was consequently much puzzled as to the true age of the Valudayur group,

nor did he ever arrive at a solution of the difficulty.

During the past summer, I had the opportunity of studying Forbes' original speci

mens of the Pondicherry fauna, and came to the conclusion that all his specimens of

ammonites from that district were derived from the hard brownish or bluish "Luma-

chelle " (fire-marble) and plainly from one single horizon. This may be proved

by the similarity in the association of the forms and the mutual resemblance of the

specimens. This horizon is Blanford's Valudayur group. In the abundant ammo

nite fauna of this series, we find not a single representative of the typical cenomanian

fauna, so familiar in the Utatur group ; we find no Schlanbachia, no Acanthoceras, no

Turrilites while on the other hand we have the typical senonian Pachydiscus, a true

Sphenodiscus (A. siva Forb.) very closely allied to the senonian 5. Uniicularis, as

well as innumerable Baculiles vagina and other ammonites. That the Valudayur

group is in reality a development of the Ariyalur group, differing from it some

what in lithological characters, may be proved by the following facts : (1) many of

its most important fossils, such as Pachydiscus egertonianus, Am. (n.g.) brahma,

Baculites vagina, etc., occur also in the Ariyalur group, whereas (2) the small

number of species, which it contains in common with the Utatur group, has, on

re-examination, been reduced to a few doubtful cases ; and lastly, the gastropods

and bivalves associated with the ammonites have considerable affinities to those

of the Ariyalur, but none to those of the Utatur group.4 Even in the Trichinopoly

district the Ariyalur group overlaps the older cretaceous beds, which, further

north, disappear beneath it, both in the S. Arcot district and also, as has now been

proved, in the Pondicherry area. During the winter of 1893-1894, Dr. H. Warth

undertook a revision of the survey of the Pondicherry district, and the fossils

collected by him are now in course of transmission to Vienna, and will, it is hoped,

throw much light on the question of the age of these rocks.

Lithologically, the upper beds exposed in Pondicherry (white sands and

conglomerates) which were included by Blanford and Stoliczka in the Ariyalur

group, differ from the Valudayur beds ; nor could I find a single ammonite in

1 This suggestion is also made by H. LeveiHe* in his small work : Geologie de 1' Inde

Francaise (Bull. Soc. Geol. France, i8go. t. XVIII) p. 144 ft.

9 E. Forbes : Cretaceous tossils of Southern India (Transaction of the Geol. Soc. of

" London. II Ser., Vol. VII, London 1845-1856, Art. V. p. 165).

' H. F. Blanford. I. c, p. 151 ff.

* A. d'Orbigny considers the Pondicherry beds to be of senonian a^e. (Prodrome de

Paleontologie II., Paris, 1850, pp. 813, 315, 216, etc.)

B a
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Forbes' collection, while, on the other hand, Blanford discovered a Nautilus

danicus, of the species occurring in the Ninnyur beds of the Trichinopoly district.

The question as to the connection between the cretaceous sea' of southern

India and that of Europe has already been repeatedly discussed. The careful ex

amination of the Narbada cretaceous fauna, in which, after a cursory determination,

Bose 1 believed that he had discovered Trichinopoly species, has proved its entire

dissimilarity to that of the Trichinopoly-Pondicherry districts, while its echinoder-

mata 8 have been shown to bear a striking resemblance to those of the cretaceous

beds of Syria, North Africa, and Southern France, the typical members of the

Mediterranean province. The theory of the former existence of land between the

South of India and the North of Africa has thus gained additional evidence in its

support. The upper cretaceous rocks of the northern and western mountain

ranges of India have no connexion whatsoever with the Trichinopoly-Pondicherry

series, while the Hippurite-limestone of Persia, Afghanistan and Baluchistan, 3 and

the Glauconia-beds of Namcho Lake * in Tibet belong to the Mediterranean province.

We must therefore seek elsewhere for a connection between the cretaceous seas of

Central Europe and of Soul hern India.

The only remaining means of communication is therefore southwards through

Africa,6 and here we find the famous cretaceous beds of Natal, of which detailed

accounts have been published, first by Baily 6 and subsequently by Griesbach?

The latter believed that he recognised in Natal all the three lower divisions of the

cretaceous rocks of southern India, and he distinguished in the rocks of that

country five separate horizons, lying unconforrnably on the Karoo beds : —

(/.) Limestone with Amm. gardeni Baily 5£.=Ariyalur group. (Senonian.)

(e.) Soft sandstone with numerous bivalves and gastropods.,

(Faseiolaria rigida Baiiy, ChemniUia undosa Forbe*, Protocardium t —Trichinopoly group

urn „ c s \ S (Turonian.)
hillanum Sow., etc.) J

(d.) Sandstone with Amm. umbolaei Baily, soutoni Baily, stan-\

geri Baily, rtmbda Forbes, kayei Forb., Anitoctras rugatum Forb.f ^ fCeno-

(e.) Soft brown sandstone (resembling*) with Trigonia shep-> man\A„^

stonei Griesbach. V

(4.) Calcareous sandstone with Teredo. J

(Base of the exposure.)

During the past year, I examined Baily's original specimens in the collection of

the Geological Society in London, and had also, through the courtesy of Mr.

1 P. N. Bose, Mem. Geol. Surv., India, XXI, p. 43.

• P. M. Duncan. On the Echinoidea of the cretaceous sirata of the Lower Narbada

Region. (Quart. ]ourn. Geol. Soc, London, 1S87, XLIII, p. 154.)

• See Mem. Geol. Surv. of India, Vol. XVIII, p. 34, Vol. XX, p. 140, M3 (Afghanistan),

Vol. V., p. 116 (N.-W. Himalaya), etc.

4 O. Feistmantel : On the occurrence of the cretaceous genus Omphalia, near Namcho

Lake, Tibft (Records Geol. Surv., India, 1877, X, p. ai. ff).

• In Madagascar also, Newton discovered upper cretaceous species, among which were

Ostreoe (O. vesicularis, O. pectinata, O. ungulata), all equally characteristic of the European

■enonian and of the Ariyalur group. (Quart. Jour. Geol. Soc, London, 1889, XLV, p. 333-)

• W. H. Baily: Description of some cretaceous fossils from Southern Africa (Quart.

Jour. Geol. Soc, London, 1855, XI, p. 454 &■)

7 C. L. Griesbach : Geology of Natal. (Quart. Jour. Geol. Soc, London, 1871, XXVII,

p. 60 ff.
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G. C, Crick, the opportunity of seeing, at the Natural History Museum, a new

collection of Natal fossils, far surpassing all collections hitherlo made. From

these it wa^ evident that certain modifications of the views hitherto held were

necessary. It was clear to me from Daily's specimens, that Schlanbachia slangeri

and souloni do not belong to the lower cenomanian group of Schlanbachia inflata

Sow., as was originally supposed, but to the newer, lower senonian series of

Schloznbachia Iricarinata Orb. In young forms Schlmnbackia slangeri Baily

has three keels and only two sets of tubercles, one umbilical, the other external.

Those of the latter series show on the ridgj a faint linear extension (as in Sckl.

Iricarinata type) which becomes more marked as the shell increases in age, and

finally develops into a tubercle. Simultaneously, the earlier external series of tubercles

extend down the side, while between them and the umbilical series yet another

(a fourth) series appears. Finally, the two outer keels break up into a series of

elongated tubercles, and even the median keel becomes somewhat varicose ; the

species then" bears a strong resemblance to Schlcenlachia texana Rom. from

the lower senonian of North America and Central Europe, while .Schlanbachia

soutoni is a further development of the same type. Both these forms indicate

a later age than that hitherto assumed for the beds in which they occur. That

this view is correct, appears to me to be distinctly evident from the fact that in the

new collection of Natal fossils, a beautiful and well preserved cast of a large frag

ment of Schlanb. slangeri is associated in the same hand-specimen with Puzosia

gardeni Baily : both of. these species must therefore come from the same horizon.

The forms Puzosia rembda Forbes, Lytoceras kayei Forb., Anisoceras rugaium Forb«

are derived from the Valudayur group (senonian) of the Pondicherry district, while

Amm. umbolazi Baily belongs to the somewhat involute Schloznbachia (Priono-

cyclus) group of the lower senonian. (Next to these we have Am, paon Redten-

bacher and Am. haberfellneri Hauer.)1

Baculites sulcatus Baily, which evidently did not come under Griesbach's ob

servation, is also a senonian form allied to Baculites teres Forb. (Baculites teres

Stol. from the Utatur group is entirely different.)

I attribute very great importance to the fact that, among the new material already

mentioned is a very large specimen of Amm. («. g.) indra, a characteristic and

common form in the Valudayur group. I may also state here that the same

species occurs in Vancouver, where it is associated with Pachydiscus olacodensis

Stol. (an Ariyalur form). A complete account of the interesting facts connected

with the investigation of the cretaceous fauna of South Africa will shortly be pub

lished by Mr. G. C. Crick.

The above observations are sufficient to justify the assertion that among the ce-

phalopod fauna of Natal, so far as it is at present known, not a single species

occurs indicative of a horizon earlier than lower senonian.

The horizon (e) has already been correctly identified by Griesbach as the

palaeontological equivalent of the Trichinopoli group. Almost all species common

to both countries occur in India in the Upper Trichinopoli group. Since, therefore,

of the known cephalopods of Natal, a large proportion belong to Ariyalur (Valu

dayur) species (Puzosia gardeni, rembda, Lytoc. kayei Forb., Anisoceras rugatum

1 A. Redtenbacher: Die Cephalopodenfauna der Gosauschichten in den nordOst! ichen

Alpen. (Abhandl. der k. k. Geol. Reichsinst, Wien 1873. Bd. V., p. 131, 133.)
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Forb., Am. indra Forb.), if the same connection also holds good in the Upper

Trichinopoli group—as for example, that of Schloznbachia stdngeri and souioni

with Schl. tricarinata Stol. (non Orb.) of the uppermost Trichinopoli beds—then

it appears that these latter forms extend beyond zone (e) and must be sought for

in (f) with Puzosia gardeni.

There being no fossils on which to base an opinion, none can be offered as to

Griesbach's horizons b and c.1

As in India, so also in Natal, which is so closely connected with that country,

the cretaceous rocks bear a striking resemblance to those of the Atlantic area, both

in their Schlcenbachia, which are allied to Schlcenb, tricarinata and texana, in their

Puzosia gardeni (connected with P. pscudo-gardeni Schluter), and also in several

bivalves (Prolocardtum hillanum Sow., Janira quinquecostata Sow.) etc. It is,

however, a remarkable fact that just as in the Trichinopoli and Ariyalur groups,

so also in the fauna of Natal, the number of central European (or rather Atlantic)

species is relatively much smaller than in the Utatur group.

A connecting link between the cenomanian of India and that of Europe is

found in the well-known ere taceous rocks on the west coast of Africa, viz^ Angola '

and the Elobi Islands'.3

The small Schlcenbachia fauna of the latter comprises, in addition to Schl. in~

flata (type), another specially Indian variety of this series, and in the same horizon

in Angola occurs a Stoliczkaia dispar d'Orb., which corresponds exactly with an

Indian form distinguished by Neumayr 4 as Stol, clavigera. At this stage the bivalve

and gastropod fauna of the upper cretaceous beds of Angola begin to show signs

of the influence of the Mediterranean province.

Here, however, the connection ceases between the cretaceous rocks of Southern

India and those of Europe. Further north, in Morocco and Algiers, we find our

selves in the Mediterranean cretaceous area, the eastern extension of which we

found in Narbada, Baluchistan, etc. In the western portion of this area may be

seen unmistakeable signs of the connection between the cretaceous faunas of India

and of Central Europe (e. g ., the fauna of the cretaceous rocks of the south of

France, of Algeria, and also the Gosau beds) ; these, however, become less numer

ous as we approach the centre of the Mediterranean area. Blanckenhorn \ figures

an Acanthoceras harpax Stol. from Syria ; I. have examined the original specimen,

which is in the possession of the Geological Institute of the University of Vienna,

and find that, although closely allied to the Utatur form, it is not identical. His

1 The adoption of a separate lower cephalopod zone {d) by Griesbach, is probably due to

the fact that the section examined was the face of a cliff undermined by. water (Izinhluzabalun-

gu caves) and consequently masses from the higher beds had rolled down, and might be mis

taken for independent outcrops. Baily, however, distinctly states that his Am. Soutoni was

derived from a hard bed " high up the cliff." /. e., p. 455.

* P. Choffat and P. de Loriol: Mate>iaux pour l'£tude Strtigraphique et paleontologique

de la province d'Angola. Mem. Soc. de physique et d'histoire naturelle de GeneVe, Vol. XXX,

I Partie, No. 3 1888.

* L. Szainocha : Zur Kenntniss der mittllcretacischen Cephalopodenfauna der Inseln

Elobi. (Denkschrilten d. Akad. d. Wiss. Wien., 1885.)

* M. Neumayr: Ueber Ammoniten der Kreide, etc. (Zeitschiift d. deotsch. Geol. Ges.

Berlin, 1875, p. 933.

1 M. Blanckenhorn: BeitrSge iur Geologie Syriens, Cassel, 1890, pi. X, fig. 3., pi. XI.
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Schlotnbachia cf. blanfordiana (Ariyalur type) 1 is too badly preserved to justify

any expression of opinion. The fact that the species with which we are concerned

disappear in the eastern portion of the Mediterranean area proves that they found

their way from the Atlantic, and to a certain extent, from Central Europe, into an

otherwise isolated basin.

The cretaceous area of Southern India was connected with that of Central

Europe west of the Mediterranean area.

The eastern boundary of the present Atlantic Ocean was already open in later

cretaceous times, and a free interchange of fauna between Europe and the south of

India was possible by way of Natal and the west coast of Africa.

Nor are there wanting links in the fauna to connect the eastern with the western

side of the Atlantic Ocean, as also with Central Europe on the one side and

Southern India on the other. For this purpose, great importance attaches to the

cretaceous rocks of the Brazilian coast, with which, owing to the efforts of Charles

A. White we have for some years been familiar*

White describes the fauna of two separate cretaceous areas in Brazil ; that

of Sergipe, and the more northerly area of Pernambuco. He comes to no definite

conclusion .as to the age of these beds, merely assigning them generally to upper

cretaceous times, and stating that they are more or less contemporary. Unfortun

ately, there is at present no detailed account of the stratigraphical conditions,

Branner's observations 3 merely indicating several salient features. The area of

Lastro, near Maroim, is very rich in important fossils, more especially cephalopods.

The ammonites belong mainly to the genus Schlcenbathia; in fact, they all appear

to be varieties of Schl. inflata, while many show affinities to forms found at Angola

and figured by P. Choffat. From the same locality, White also describes 2

Puzosia, of which he identifies one as A. planulatus. From his figure, it appears

not improbable that it may in reality be identical with Sowerby's cenomanian

species-. In the overlying beds, viz., the sandstones of Aroeira and the lime

stones of Garajau a Puzosia was found, which was identified by White as Puzosia

hopkinsi Forb., and which is almost indistinguishable from Puzosia vaelvuitschi

Choffat, from the Schloenbachia horizon of Angola. The occurrence of Amelia

braziliensis White in the cenomanian limestones of Garajau is also very interesting,

and forcibly recalls the appearance in India of an Aucella, viz., Auctlla parva

Stol. in the beds of! the same age. From another locality, connected with Lastro

by an Echinoid (Echinobrissus fretlasi White), a very interesting ammonite had

already been described by .Hyatt under the name of Buehiceras flartlii, and

was subsequently figured by White. This figure leaves no doubt that we are deal-

ing with an OUoslephanus, in fact one of the peculiarly Indian type of Am. rudra

Stol. (Neumayr*s Stoliczkaia), while the form Am. ptdroanus White, which is

associated with it in Brazil, bears a striking resemblance to Acanthoceras foote-

awttwStol. of the Utatur group. From a calcareous sandstone assigned by Branner

to the Lastro horizon, but by White to the succeeding zone—which corresponds

better with the palaeontological relations—an Am. follealus and an Am. offarcina/us

1 M. Ulanckenhorn : I. e. pi. *ii, Fig. I, p. '34*

1 Cb. A. White: Contributions to the Palaeontology of Brazil. (Archiv. doMuseu Nacion,

Janeiro, vol. vii, 1888.)

• M. Branner: The Cretaceoua and Tertiary Geology of the Sergipe-Alagoa3 baiia of

Brazil. (Tranjact. of the Americ. Philos. Soc. Philadelphia, 1889, vol. xvl, p. 439 ff.)
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were figured ; both belong to the genus Acanthoceras, the first being a member of

the group of Ac. cenomanense, while the second is a variety of Ac. mantclli. We

thus see that the Acanthoceras horizon, which plays such an important part in' India

and Europe, is represented also in Brazil. From the above facts, we may con

clude that the extensive fanna of the neighbourhood of Maroim is of cenomanian

age, and consequently the overlap in Brazil corresponds to that in Southern India,

West Africa and Europe. The limestone of Sapucahy, the most recent member

of the Sergipe cretaceous beds, is almost entirely devoid of fossils.

Of a very different character are the cretaceous beds of Pernambuco, which

White, on the strength of a few identical species, assigned to the same horizon as

those of Sergipe.. Ammonites, however, have entirely disappeared, and are replaced

by a much more recent type of gastropod. A very important fact concerning these

fossils is the occurrence of a form nearly allied to the large and beautiful species

Ccrithium pedroanum White of these beds, in my new specimens from the Ninnyur

beds, where it is associated with Nautilus danicus. The disappearance of am

monites in the Pernambuco beds is therefore of considerable importance, and

clearly tends to show that as in India, at Ninnyur, so also in this area, similar

passage-beds exist between the cretaceous and tertiary beds.

There appears to be no connexion between the cretaceous fauna of India and

that of the Antilles, to which I shall presently have occasion to refer.

The cretaceous beds of Texas have several points in common with those of

India, many more, however, with those of Central Europe ; and the same holds

good for the other cretaceous areas of North America, so far as they belong to the

Atlantic basin, as well as for the band of cretaceous rocks running along the east

coast of the United States, and for the great arm of the sea, which at that period

included the Mississippi area and the Rocky Mountains. ,

Since the publication of Romer's work on Texas1 our views on the subject of the

cretaceous rocks of that country have undergone considerable alterations, and his

" Cretaceous beds of the highlands " which he assigned to the upper turonian Hip-

purite series, have now proved to be Rudistes beds of lower cretaceous age.8 Marine

representatives of cenomanian species have quite latterly been discovered in Texas (in

the Cross Timber beds), but the fauna is very meagre. In the lowest, Colorado group,

of Utah has been discovered Am. swallowi. Shum,3 (Hyatt's Buchiceras) which is

closely allied to Acanthoceras vicinale Stol. of the- Indian beds. In other respects, the

ammonite fauna of the Colorado group shows many affinities with that of the turo

nian of Europe, while the Atlantic section of the ammonite fauna of the turonian of

1 F. ROmer: Kreidebildungen von Texas, Bonn, 1852.

1 See J. Marcoa: American Geological classification and Nomenclature, R. Hill: The

Texas secton of the American Cretaceous. (Amer. Journ. Science. 3. Ser. XXXIV. No. 202.

1887. p. 287 ff.) etc.

Great uncertainty prevails, however, as regards the geology of that neighbourhood, and

several species, which are undoubtedly upper cretaceous, are cited as being derived from the

loner cretaceous Comanche series. See R. Hill : The Cross Timbers in Northern Texas.

(Am. Journ. Science. 1887, 3 Ser. vol. XXXIII., No. io6-)i where on p. 299 we find Am. Stoal-

lowi, Am texanut, Ananchytes ovat us, Ostrea carinata, and other species from different horizons

of the upper cretaceous beds, included in the Comanche Series. That the lower cretaceous

system is well represented in Texas and Mexico, is absolutely certain.

..* F. W. Stanton : The Colorado formation and its invertebrate Fauna (Bull. U. S. Geol.

Surv. No. 106, Washington (1893, p. 168.) . .
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India is too poorly represented to be worthy of special mention. On the other

hand, we find among the gastropod fauna, more especially among that of the upper

horizons of the Colorado group, many striking resemblances to the Trichinopoli

group : thus Cyrodes conradi Meek and Rostellites (Fulguraria) dalli Stanton are

almost indistinguishable from Gyrodes pansus Stol., and Fulguraria elottgata Stol.

(non d'Orb.) etc. Such resemblances, however, are not wanting in Europe also.

Placenticeras guadaloupae Romer from the Austin limestone of Texas 1 and even in

a greater degree Placenticeras placenta Mort., var. intercalate Meek8 of the Montana

group of the Missouri basin and the upper cretaceous of New Jersey, bear a remark

able resemblance to the Indian Placenticeras tamulicum, which was in fact identi

fied by Stoliczka with the former of the above-named species. Equally closely allied

are Sphenodiscus leniicularis Mort. and Sph. siva Forb.

On the whole, however, the links between the cretaceous beds of the Atlantic

portion of North America and those of India are very few ; the then-existing distri

bution of land and sea imposing considerable barriers in the' way of any great dis

persion of species. Nevertheless, a considerable interchange of forms took place

between Brazil and North America on the one side, and Europe, West Africa and

Southern India, on the other. Southern india, however, plays a more subordinate

role, and is only important, in this connection, in so far as it communicated with

Central Europe and consequently, indirectly, with these areas. . Only in the Brazil

ian fauna does the special Indian element appear to be of more consequence.

There are certain well-marked types of ammonites which were of exceptional

importance in the Atlantic Ocean in cretaceous times, and which are essentially

characteristic of that area. They are chiefly represented, in the cenomanian, by

Schlmnbachia of the group of Schl. inflata Sow., with species of Acanthoceras and

Turriltttes; in thelturonian, |by forms of Prionocyclus {Schlmnbachia in which the

keel has become varicose), and frequently Pachydiscus of the type P. peramplus

Mant. In the senonian, Placenticeras (of the group of P. placenta Mort.), Bacu-

lites, Scaphites, and Pachydiscus are very important, while in the lower horizons,

the Schlcenbachia are largely represented both by the peculiar triearinata group as

well as by Prionocyclus forms. If therefore we take into consideration all the

invertebrata, we can no longer speak generally of an " Atlantic " zoological area,

but must picture to ourselves conditions similar to those existing at the present day,

that is to say, extremely confined zoo-geographical areas, which, however, contained

certain species of very wide horizontal distribution.

Although taking but a subordinate part in the Atlantic area, the cretaceous rocks

of India are of very much greater importance in the second great marine province,

vis., the Pacific area. Here,' owing to the abundance of species, their fauna is of

great service, and on it practically depends the possibility of a more accurate de

scription of the stratigraphical conditions of the cretaceous rocks of this area.

If we endeavour to trace the cretaceous fauna throughout this area, we find, in

' F. RSmert I. c. pi. II. fig. I. a, c, p. 33.

' F. B. Meek: Report on the Invertebrate Cretaceous and Tertiary Fossils of the Upper

Missouri cy. (Report U. S. Geol. Surv. of the Territories, IX. Washington 1876, p. .68 ft,

pl- 93 )

See also R. P. Whitfield: Gastropoda and Cephalopoda of the Raritan clays and Green-

sand marls of New Jersey (Monogr. U. S. Geol. Surv. XVIII., Washington, 1892). pl. XL,

fig. 255.
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the plateau of Assam,' beds which are closely allied by their fauna to those of the

Trichinopoli district, the fossils indicating, according to Stoliczka, the presence of

strata representing both the Utatur and the Ariyalur groups.

The characteristic fossil of the cenomanian beds of Europe, West Africa, and

Southern India, viz., Schlmnbachia inflala Sow., was found in the flysch-like sand-

Stones of the Sandoway district of the peninsula of Further India*

In Borneo, upper cretaceous beds occur which are characterised by an abund

ance of Nerineae, and yield several species of fossils found in Southern India,

amongst which are characteristic Ariyalur forms, such as Nautilus trithino-

folitensis Blanf. Martin assigned the cretaceous rocks of Borneo to his Eastern

Asiatic Province, extending from Japan, through Southern India, to Natal.8

In Australia,* the cretaceous rocks are exposed over a large area, and have from

time to time yielded a considerable number of cephalopoda, including several

typical lower cretaceous forms, such as Crioceras, etc., and consequently the beds

in which they occur, the so-called " Rolling Down Formation," have been as

signed to that age. From other localities, however, fossils have been obtained (e.g.,

a Schlcenbachia of the group of Schl. infiata, and several Puzosia) which recall the

cenomanian forms of India, and it is quite possible that an Indian fauna may also

be discovered in Australia. The supposed upper cretaceous beds of that country

are very poor in fossils.

So far as the cretaceous fauna of Eastern Asia is known, as for example at Jesso 1

and Sachalin,6 it is of a well-marked Indian type. A comprehensive work by Jimbo

on the cretaceous rocks of Jesso7 appeared a few months ago, and considerably

adds to our list of Indian types of ammonites. An especially important part is

played by Lytoceras of the Lytoceras Sacya group which is also represented in

India by a great variety of forms ; we may also mention Phylloceras, Pachydiscus,

etc., while Acanlhoceras, of the rhotomagense type, is no longer unknown in the

Pacific area. A large number of allied, as well as several identical species con

nect the cretaceous rocks of Japan and Sachalin to the Utatur group ; thus we find

Lytoceras sacya Forb., Phylloceras velledce Mich., and Acanlhoceras rhotomagense

var. asialicum Jimbo, also in the Utatur group. We can also trace a connection

with the Trichinopoli group, for a form allied to Pachydiscus peramplus has been

found at Jesso, while large and numerous specimens of a similar form had already

been discovered at Sachalin. Very large also is the number of Japanese species of

Pachydiscus which are closely allied to, or rather identical with Ariyalur forms.

1 H. B. Medlicott : Geological Sketch of the Shillong Plateau in N. E. Bengal. (Mem.

Geol. Surv. India. VII. Calcutta. 1871. p. 181. ft\).

» W. Theobald. Records Geol. Sur., India, V.Calcutta, 1872, p. 83.

* K. Martin. Die Kreideformation von Martapoera (Borneo). Sammlungen des Geol.

Reichsmuseums in Leiden. Ser. I, Vol. IV, 1889, Heft 5, 6, p. 143.

4 R. L. Jack and A. Etheridge. The Geology and Palaeontology of Queensland and

New Guinea. London 1892, p. 390 ff. . •

1 M. Jokoyama. Versteinerungen aus der Japanischen Kreide,(Palceontographica, XXXVI

Cassel 1889-90, p. 159 ff. . .

6 F. Schmidt. Die Petrefacten der Kreideformation von der Insel Sachalin (Mem. de. 1'

-Academic Imperiale des sciences de St. Petersbourg, VII. Ser, Tome, XIX. Nr. 3, 1873.

7 K. Jimbo. Beitr&ge zur Kenntniss der Fauna der Kreideformation von Hokkaido. (Palce-

ontologische Abhandlungen. Bd. VI, Heft 3, Jena, 1894.)
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So striking is this fact, lhat Harada, Jokoyama, and now also Jimbo have concluded

that the fauna of Japan must be considered as the result of an intermingling of

forms from every possible horizon of upper cTetaceous age, and that no division of

the rocks into distinct horizons with characteristic fauna, can be attempted. But

until we have a detailed account of these areas, little importance must be attached to

the above statement, for in cretaceous beds, widely separated from India, viz., in

the Pacific section of North America, the Indian species occur in a succession

almost identical with that seen in the beds of that country.

An especial interest attaches to the coal-bearing cretaceous rocks of Queen

Charlotte's Islands 1 in the North-Eastern Pacific. The most fossiliferous bed of the

cretaceous rocks of that area is Richardson's division C, which strongly resembles

the Volga Series of Russia, not only in the occurrence of Aucella, to which

fact the greatest importance has hitherto been attached, but also in the pre-

sence of many ammonites. Thus,- for example, Am. skidegatensis Whiteaves *

differs but very slightly from Olcostephantts pallasi Kaiserling, while several other

varieties of Olcostephanus occur, and I cannot accept Whiteaves' view that the bed

C. is equivalent only to the Ganlt. In the highest zones of this division can be

seen numerous unmistakeable signs of a connection with the Utatur group; we find

the same Lyloceras Sacya as in Japan and India, as well as Schlanbachia

inflata, Lytoceras timolheanum May, etc.

The overlying conglomerate, which is apparently the equivalent of the Dakota

group is almost entirely devoid of fossils, but the higher shale beds, the " Upper

Shales," have yielded Inoceramus problematicus Schloth., a common form in the

Colorado group of the Atlantic section of North America and in the turonian of

Europe.

We have, therefore, in Queen Charlotte's Island, a conformable series, extend

ing from the lowest to the upper cretaceous beds. The most recent investigations

also reveal very similar conditions in Northern California.*

To the west of the Upper Sacramento Valley a continuous series of cretaceous

rocks is exposed : first, the Knoxville beds with Aucella; above these, the Horse,

town beds, and at the summit, the upper cretaceous Chico group. The Knoxville

and lower Horsetown beds yield lower cretaceous fossils, while in their uppermost

horizons, the latter beds contain Schlanbachia inflata Sow. and Lytoceras sacya

Forbes, exactly as in the upper horizon of division C. in Queen Charlotte's Island,

The lower Chico beds of Mt. Diablo have for some time been known to contain an

Acanthoceras of the rholomagense type, viz., Acanthoceras turncri White, * which

species I also obtained from the Utatur group of India.6 In the upper beds of

the Chico group, in addition to baculites of undoubted senonian fades, is found

Pachydiscus newberryanus Gabb (non Meek), which is very nearly allied to P.

i J. F. Whiteaves. Meaoxoic Fossils. (Geol. and Nat. Hist. Surv. Canada) Vol. I ; pt. I and

III Montreal, 1876 and 1884.

» J. F. Whiteaves. t. c. Pt. I, pi. IX, fig. 1 p. 34.

» J. S. Diller and T. W. Stanton. The Shasta-Chico Series, (Bulletin of the Geol. Soc. of

America). Vol. V. pp. 435-464. Rochester, 189J.

* Ch. A. White : On invertebrate fossils from the Pacific coast. (Bulletin U. S. Geo.

Surv. No. Si Washington 1889, pi. V. p. 26.)

• The identity of the two forms was confirmed by Ch. A. White, to whom I Sent a figure

of the Indian specimen.
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otacodensis StoL It is a very interesting fact that the Chico group , the lowest beds

of which consist entirely of conglomerate and sandstone, overlaps the older strata

of the so-called Shasta-Chico Series and over extensive areas in Washington,

Oregon and California, lies directly on the older metamorphic rocks. The occur

rence of a cenomanian Acanthoceras in the lower Chico beds, and of the lower ceno-

manian forms, Sch Iceniachia inflala and Lytoceras sacya immediately below them

proves that this overlap was almost contemporary with that of India, West Africa

and Europe, etc.1 The Chico group is known to extend to latitude 290 30' N.

(Lower California.) Beds resembling those of the Chico group, Occur also further

north in the Island of Vancouver," where they are characterised by the number

and excellence of their fossils. In the British Museum, in an old collection made by

Hector and mentioned by Whiteaves, but not ihitherto examined, I observed not

only an excellent specimen of Am. indra Forb., but also, from the same beds

the typical Pachydiscus otacodensis of the Ariyalur group, not hitherto identified

in North America, and several other Pachydiscus forms, some of which were new,

as well as Baculites occidenlalis Meek, which is closely allied to the Indian Bacu-

■ lifts vagina, etc. Whiteaves mentions the occurrence of Puzosia gardeni Forb.

in the Chico group of Vancouver, while his Lytoceras jukesii (?) Sharpe is

apparently identical with Lyt. kayei Forb. : the number of Indian species is there

fore very considerable. So far as the fauna of the Pacific area of North America

has hitherto been identified, the succession of the horizons is very similar to that

seen elsewhere. In the upper Horsetown beds occur Schlaenbachia inflala and

Lytoceras sacya, and next above them, in the lower Chico group, Acanthoceras

followed in the upper Chico group by Pachydiscus and baculites.

Our knowledge of the other cretaceous rocks on the Pacific side of America

is very meagre. In Chili unmistakeable upper cretaceous beds occur, In the

Natural History Museum in London, I saw the specimens of Baculites vagina

Forb., 8 from Conception Bay, which are mentioned in Darwin's work on South

' Since a single "Shasta-Chico Series" has been established, extending from the lowest to

the upper beds of cretaceous age, the question as to the date of the folding of the Sierra

Nevada and coast ranges has assumed a new aspect. If the altered Auctlla (Mariposa) beds

of the Sierra Nevada, which are unconformably overlapped by the Chico beds, are of the same

age as the lower Knoxville beds of the Shasta-Chico series, then the folding of the Sierra

Nevada and the coast ranges would certainly be intercretaceous, a view which formerly met

with general acceptance. Folding then took place simultaneously with that in Mexico, while

at the same time, uninterrupted sedimentation was proceeding in the Upper Sacramento

Valley and further to the North. (Queen Charl. Is!., Rocky Mts. and British Columbia). After

the completion of the folding, the sea again flowed over the newly-formed mountains, and upon

them the Chico beds were laid down. According to another view, however, the Mariposa beds

are of Jurassic age, and consequently older than the Knoxville beds, and the folding took place

previous to the deposition of the latter. See H. W. Fairbanks : The pre-cretaceous age of the

metamorphic rocks of the California Coast Range, (Americ. Geologist. March 1893. p. 153 ff,).

At present our data are too scanty to enable us to arrive at a decision of any value. This

one important fact, however, is certain, that in upper cretaceous times (Chico period) the

Sierra Nevada formed the western coast of a continent, the Great Basin, which extended

eastward from that range.

'J. F. Whiteaves I.e. Pt. II. On the -fossils of the Cretaceous Rocks of Vancouver, etc*

Montreal, 1879.

3 Ch. Darwin : Geological observations on the volcanic islands and parts of Southern

America, a edit, London, 1876, p. 397,
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America. These differ in no particular from the Indian specimens. At the Geologi

cal Congress held recently in Zurich, Prof. Steinmann,1 speaking on the cretaceous

rocks of Chili, said that, on investigation, he had indentified Phylloceras and

Lytoceras forms connecting the beds of that country with the Utatur group of

India. There may therefore be in the upper cretaceous rocks of Chili both Utatur

and Ariyalur forms.

In general type, the cretaceous rocks of the. Pacific area can be readily distin

guished from those of the Atlantic province. Time has proved indeed that almost

all species occurring in the one are also represented in the other, but often in a much

less degree. Thus, for instance, Schlcenbachia and Acanthoceras, although not

unknown in the cenomanian of the Pacific area, occur but rarely, and are quite

out-numbered by a profusion of Phylloceras and Lytoceras forms, (the latter more

particularly of the Lyt. sacya type). On the other hand Desmoceras and Puzosia,

which are of rare occurrence in the upper cretaceous rocks of the Atlantic

area, are here comparatively common, while Holcodiscus, which is not known

to occur in the upper cretaceous beds of the Atlantic area, is represented in

India by an abundance of forms. Pachydiscus and Baculiles are more or less

equally distributed in both hemispheres, being represented, however, by different

species. It is impossible, therefore, nor would it be advisable, to enunciate shortly

a hard-and-fast distinction, which on further investigation might prove to be erro

neous, for only quite recently has it )been shown by Jimbo that the true Atlantic

type of Placenticeras and Acanthoceras (of the rotomagense group) occurs also

in Japan.

On the whole, however, the cephalopod fauna of the upper cretaceous rocks in

the Pacific area is not so rich in new forms as is that of the Atlantic province,

the majority being closely connected with lower cretaceous forms ; and this " con.

servativ'e tendency," noticed by Neumayr * in the cretaceous fauna of Southern

India, is, so far as we are at present aware, to a great extent peculiar to the Pacific

area. The commingling of both types, which in India was so intimate that they

almost balanced, is quite unknown in the cretaceous rocks of the west coast of

America, which are much more closely related to the Atlantic area than are those

of India.

The great difference between the cretaceous rocks of California and those of the

Rocky Mountains, which are of the Missouri type, has long been known, and

American geologists completely separate these two areas, 3 not only on account of

the constitution of their fauna, but also on account of their geological conditions.

As we approach the Great Basin, the cretaceous beds of the -\ocky Mountains and

of the Colorado plateau increase in thickness, and we find intercalated, at widely

separated horizons, seams of coal and beds containing brackish or fresh-water

shells ; thus indicating the proximity of the western coast of the ancient continent,

the Great Basin, which was subjected to folding in post-jurassic times, and from

which cretaceous beds are entirely absent ; while on the other side of the Sierra

Nevada, we meet with the completely different cretaceous rocks of California.

1 G. Steinmann: Proces —Verbaux des Seances des Sections 30. 8. Congres Geologique

international VI. Session a Zurich, 1894 pp. 6, 10. *

1 M. Neumayr : Erdgeschichte, Bd 2, p. 390.

• See Ch. A. White (Bull. U. S. Geol. Surv., No. IS, p. 30.)
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An interesting addition to these facts was contributed by Hill.,1 in his investiga

tions of the cretaceous rocks of Mexico. He discovered that the lower cretaceous

(Comanche series of Texas) of the Mexican Sierras almost extends from ocean to

ocean. Before the deposition of the upper cretaceous beds, however, these rocks

were subjected to folding, and the next series (upper cretaceous) was then laid

down, which, as may be seen in the Missouri district in the east, lies unconformably

upon them. Duringupper cretaceous times, the lofty mountain folds of the Great

Basin region of North America formed dry land, extending as far as British

Columbia.

In the north of British Columbia we encounter somewhat different conditions.

It has already been stated that the Upper Shales of Queen Charlotte's Islands yield

Inoteramus problemaltcus Schloth., which is also frequently met with in the creta

ceous rocks of Missouri. On the mainland of British Columbia between the

parallels of 490 and 510 30', Dawson discovered a bed resting on the A ueella-beAiing

Kootanie Series, which latter is the littoral representative of the Shasta group, or

more particularly of Div. C of Queen Charlotte's Islands. This bed is a conglomer

ate similar to that found in Queen Charlotte's Islands, and is overlain by the claj of

the Colorado group and by upper cretaceous beds extending to the Laramie Series.

In the same locality, it was also possible to identify with certainty upper cre

taceous beds of Atlantic type resting upon lower beds of Pacific type, and the

occurrence of Inoceramus problemalicus in Queen Charlotte's Islands is a proof that

the same conditions prevail there also. Hence we see that a connection resulting

in overlap existed between the Atlantic beds and those of the Pacific area, which

during lower cretaceous times extended to the eastern spur of the Rocky Mountains.*

The interchange of fauna, thereby rendered possible, seems however to have been

quite insignificant, the admixture in the Chico group of forms from the Atlantic

portion of North America being very trifling.

The conditions prevailing in the northern districts of South America and in the

Antilles, are very interesting. In Jamaica, corals 1 have long been known to occur

of which several are identical with those of the Gosau beds, while hippurites are

associated with them, and an Actmonella also has been stated to occur ; all the above

being fossils which undoubtedly occur in the Mediterranean cretaceous area. In

striking accord with the above facts is the discovery in Peru * of an Actoeotulla and

• R. Hill : The Cretaceous Formation of Mexico and their relet.ion to North American

Geographic Development. (Am. Journ. of Science, 3, Ser., XVL, No. 268, 1893, p. 307).

1 ]. F. Whiteaves, too, finds that the upper cretaceous rocks are more nearly related to

those of the eastern area than are the rocks of the more southern Chico group of California

(1. c. Vol. I, Pt. II, p. 187) which is further evidence in favour of the above connection.

On the whole, Whiteaves agrees with Gabb in supposing that communication was

carried on through the southern area, and adduces as evidence in support of his view the fact

that cretaceous rocks occur to the west of the Sierra Madte in Mexico. But in the Chico

period.the coast extended much further west, embracing. Lower California, while the fauna

also of that district is entirely different to that of Mexico and Texas.

See also Ch. A. White : Notes on the Mesozoic and Cenozoic Palaeontology of California

(Bull. U. S.Geol. Surv. No. 15, Washington 18851, p. 30, and R. HiH : Cret. Format. of

Mexico etc., p>3>9>

• S. M. Duncan and G. P. Wall ; A notice on the Geology of Jamaica (Quart. Journ.

Geol. Soc., London, XXI, 1865), p. a, ff .

• W. M. Gabb j Description of a collection of fossils made by Dr. A. Raymond! in Pern

(Journ. Acad. Nat. Science Philadelphia, a, Ser. Vol. VIII. Part III, Art. X, ,877, gee pL 36,

fig. I, a, b, p. a©4 etc.)
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of typical Mediterranean ammonites, closely connected with " Buchiceras" syriaeutn

Buch. Such a fauna cannot fail to have been derived from the Mediterranean, and

the assumption is therefore inevitable that an arm of the sea stretched across

America, most probably in the neighbourhood of the Antilles and the modern

Cordillera region of the northern part of South America, thus rendering possible the

migration into the Pacific area of exclusively Mediterranean types. It was formerly

supposed that the form " Buchiceras" harttii Hyatt, found in Brazil was connected'

with those discovered in Peru, and consequently it was assumed that communication

had originally been possible by means of the valley of the Amazon. We can now:

however, recognise the former existence of two arms of the sea, which divided,

America as it existed at that period into two great insular portions, constituting-

the boundary between the Pacific and Atlantic Oceans. _

The cretaceous rocks of Southern India are more or less closely connected with'

a very large number of rocks of that age occurring in other countries, and are con

sequently well adapted to serve as their type.- The European beds on the other hand :

being merely a typical sub-division of the Atlantic area, are of but little service in

this respect, and frequently fail us if we endeavour to correlate them with the cre

taceous rocks of the Pacific. The great importance of the cretaceous beds of

Southern India was therefore speedily recognised, but tlieir Connection with those of

the Atlantic area has been much under-estimated. ' * • :.._

In reality, the fauna of Southern India comprises the most tmportant types of

both the great areas and thus serves as a connecting link between them. - " ;

The marked contrast between the cretaceous rocks of the Atlantic area, and those'

of the Pacific consists not only in the great difference of extension of the overlap,

but also in the independence of their respective fauna. This is particularly striking

in America, but disappears to the south of the ancient Indo-African continent.

I have now stated in general terms the most important facts bearing on the

geographical conditions which prevailed in upper cretaceous times. No other

system offers such a profusion of material for a detailed reproduction of those con

ditions, and it is my intention, as soon as possible, to embody these in the form of a

chart.

In conclusion I should like to enter briefly into a few general questions. 1

Ncumayr ascribes great importance to the influences of climate, more especially

as regards the horizontal distribution of the Ammonoidea. This.question has re

ceived a considerable amount of attention,1 and it is now probable that the dispersion

of the cephalopods was due less to the effects of climatic influence than to those

of the distribution of land and sea, and the consequent facilities for migration. The

ammonite fauna of Central Europe is at least as intimately connected with that of

Southern India, as with that of the Mediterranean." Now the climate of Central

Europe cannot have differed widely from that of the Mediterranean, while on the

other hand that of Southern India was tropical, and the similarity in fauna must be

due to migration of species from one hemisphere to the other by way of Natal. Even

disregarding any possible deductions from the present climate, we can still establish

1 S. Nikitin. Einigea uber den Jura in Mexico und Centralasien. (Neues Jahrb., Vol. II,

1890, p. 273, ff.)

A. Tornquist. Fragmente einer Oxfordfauna von Mtaru (Deutsch Ostafrika). Jahrb. der

Hambnrger wissenschaftlichen Anstalten, X. 2. Hamburg, 1893, p. 24.
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the tropical character of the cretaceous fauna of Southern India, both by means of

the reef-building corals and also, though in a lesser degree, by the presence and

luxuriance of the gastropod and bivalve fauna. The argument in favour of a tropical

climate based by Neumayr on the occurrence of Phylloceras and Lyloceras, applies

equally well to the whole Indo-Pacific region. In that area, these forms are found in

districts which, according to Neumayr, during the preceding Jurassic and lower creta

ceous periods were closely connected with the Volga beds, that is to say, with the

Northern basin. The less extensive faunas, inhabiting smaller and more isolated

seas, may possibly have been less independent of climatic influences ; but it is very

difficult to decide with any degree of certainty the amount of importance to be

attached to this factor.

The wide distribution of the Ammonoidea, which so complicates the question of

climatic influence, induced Professor J. Walther1 to believe that on the death of the

ammonites, their floating shells became filled with air, and were borne hither and

thither by winds and currents. He consequently concludes that their wide distri

bution was due, not to migration during life-time, but to a subsequent transportation

of the empty shells. He even considers himself justified in propounding the theory

that " the Triassic, Jurassic and Cretaceous systems may, for the most part, each be

distinguished by a single species of ammonite, and may thus be recognised with

facility in any part of the globe " : and again," during a given geological period,

some one species of ammonite was uniformly distributed over the whole sea-floor,

and after a short existence, became everywhere simultaneously extinct and was

everywhere simultaneously replaced by a new species." The above statements involve

a gross exaggeration of the true state of the case, for if we study the fauna of any

given period over the whole earth, we find that in reality the phenomena are highly

complicated. In the majority of cases, those species by means of which we corre

late widely separated areas, are not identical, but are merely closely allied forms :

i.e., geographic variation involves variation of species.

The more careful our observations, the more frequently do we find that in numer

ous cases, species originally supposed to be identical, are in reality only members of

similar groups, which may be distinguished from one another by certain constant

characteristics. Thus, for example, we find in India neither Acanthoceras rholoma-

gense Defr., MammiIts nodosoides Schloth, Pachydiscus peramplus Mant., Schlan-

bachia tricarinaia Orb.. Placenliceras syriale Mort , nor Baculites anceps Lam. ;

closely allied forms, however, do occur, and these are found in an exactly similar

stratigraphical relationship, and are evidently their representatives. Very similar

examples of this may be seen if we compare the cretaceous fauna of Brazil, Japan

or North America with that of India.

It is, however, undeniable that there are species, several of which I have already

had occasion to mention, which, by their constant characteristics, may be recog

nised in almost every part of the world. Thus Lyloceras timolheanum May has

been found in Europe, India, Sachalin, and Queen Charlotte's Islands. In Europe,

it is connected with contemporaneous and also with older forms, while its descen

dants are found in India in the Trichinopoli and Valudayur groups ; nearly allied

forms also occur at Jesso. If, however, its presence in any given area were due to

1 J. Walther: Einleitung in die Geologie als historische Wissenschaft.il. Th. Jena.,

1893-94. (Die Ammoniten als Lcitfossilien, p. 508. ff.)
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marine transportation, it would there be isolated and not found in association with

allied forms. Many other examples of a similar nature are to be seen in Desmo.

ceras, Puzosia, Pachydiscus, Acantk iceras, Schlcenbachia, Hamites, etc. Any further

demonstration of the fact would, however, be valueless without palaeontological

details. Hence we see that there are certain widely dispersed species of ammonites,

which are found to be distributed in such a manner that we are compelled to assume

an independent migration.

Very similar conditions prevailed during Triassic and Jurassic times : and the

above facts prove that in all such cases the animals lived in the localities in which

their remains have been found. The possibility of the occasional transportation of

the empty shells need not be contested. Walther's theory, however, has no special

bearing on the question of the zoo-geographical conditions.

If we compare the horizontal distribution of the ammonites with that of other

forms of animal life, we find that it is by no means so abnormal as to necessitate

an explanation other than that of simple migration. Thus, for example, in Southern

India, associated with European ammonites, we find also European brachiopods,

bivalves and gastropods, though certainly in smaller numbers. If again, we com

pare the conditions prevailing at the present day, we find numerous striking exam

ples of the wide distribution of many marine shells. Thus, for instance, species are

now living which are common to Natal, Ceylon, the Philippines, Japan, and even

the coast of Australia ; 1 and Fischer draws special attention to a considerable

number of gastropods which are found both in the Indian Ocean and at the

Antilles.8 Similar, if less striking examples might be added—there is even an

unmistakable resemblance in the distribution of the modern fauna3 which, however,

is not to be wondered at, if we consider the great resemblance existing between

the geographical conditions during later cretaceous times and those prevailing

at the present day.

_ »

Report on lite Expet imenlal Boring for Petroleum at Sukkur, from

October jS'gj to Match 1895, by T. H. D. LaTouche, b.A., Superin

tendent, Geological Suivey of India.

The actual drilling of the Sukkur boring was commenced on the 19th Decem

ber 1893, the previous two months having been spent in bringing down from

Babar Kuch the boring plant, which had been in Vise at the Khattan oil-wells, in se

lecting and repairing such portions of it as were suitable for the Sukkur boring, and in

erecting the drilling rig and derrick. The site had been provisionally selected by

Dr. King, late Director, Geological Survey. The reason of this choice was not

that there was a greater probability of obtaining oil at that spot than at any other in

the neighbourhood of Sukkur or Rohri, for at that time no surface indications of

1 P. Fischer: Manuel de conchyliologie. Pans, 1887, tome. I. p. 158.

• P. Fischer . I. c. p. 177.

1 See Fischer's chart, p. 126.

C



56 Records 0/ the Geological Survey oj India. [VOL. XXVM.

the presence of oil had been found anywhere in Upper Sind ; it was merely a

matter of convenience, for, being close to the North Western Railway workshops,

repairs to the machinery could be carried out with as little delay. as possible, while

it was also at a convenient distance within the area of outcrops of the upper

nummulitic limestone, the base of which forms a well-defined horizon for compa

rative measurements in relation to sections or borings in other localities.

In the first place a well or sump was excavated down to the level of the surface

„ ,,, , . water, which was found at a depth of about 10 feet. A
Progress 01 the boring. ' . r . ,,,

length of 8-inch casing was then put in and sunk through

the alluvial sandy clay overlying the limestone until the eroded surface of the latter

was struck at a depth of 38 feet 6 inches. Now that experience has been gained of

the nature of the rocks beneath the limestone, it is evident that it would have been

better to have started with a larger diameter of casing than 8 inches, as this would

have greatly facilitated subsequent operations ; but, at the time the boring was begun,

it was not anticipated that the hole would have to be lined with casing to so great a

depth.

After the limestone was struck on the 23rd December 1893, at which date work

was stopped till the end of the year, the progress made may be summarised as

follows :—

Month.

January 1894

February „

March

April

May

June

TrogrcBs
made.

Ft. Ins.

2S1 0

76

»7

75

nil

47

Total
d.pth.

. Ft. Ins.

324 o

400

417

493

54°

RSMARK9.

The base of the limestone was reached at

140 feet from surface. The boring then

entered beds of shaly blue clays, with thin

bands of limestone and nests and veins of

gypsum.

Drilling much retarded by clogging of tools.

Six-inch casing was put in to a depth of

167 feet.

Greater part of month spent in substituting

7-inch casing for the 6-inch and in putting

down the latter to the bottom of the

hole.

A thick band of limestone was passed

through at 409 feet, which prevented the

rasing from going down. The casing had

to be drawn out and the obstruction cut

away.

The whole month was spent in lining the

hole with 6-inch casing. The tools

became jammed in the hole on the 12th,

and were not recovered till the 21st. The

6-inch casing was put down to 440 feet, but

could be sunk no further, and a string of

43-inch casing was therefore put in.

Drilling proceeded till the 8th, when the

4jj-inch casing refused to go further- The

6-inch casing was driven down to 464 feet.
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Month.
Progress
made.

Total
depth.

Remarks.

Ft. I at. Ft. Ins.

July ' 1894 . 5 0 545 0 The whole month was spent in trying to get

the 6-inch casing past the obstruction at

464 feet. On the 13th the sand pump was

lost in the hole, and was not recovered till

the 28th. Subsequently, the 6-inch casing

was driven down to 525 feet.

August „ 87 0 63a 0 The 4| inch casing was put in again. From

the 6th to the 23rd repairs were being made

to the engine and boiler.

September ,, H3 0 745 0 Progress was more rapid this month, as the

casing followed the tool down and was not

stopped by bands of hard rock.

October „ •34 6 879 6 Indications of gas were observed at about

. 785 feet, and water was struck at about

865 feet.

November „ 78 0 957 6 The 43-inch casing, which had now reached

a.depth of 917 feet, would not go further,

and it was therefore pulled out and the

lining of the hole continued with 6-inch

casing by the aid of an under-rimer.

December „ nil ... Putting in the 6-inch casing. Repairs to

the engine and boiler were done between

the 6th and 15th.

January 1895 6 0 963 6 Putting down 6-inch casing. Struck a band

of hard limestone at 958 feet.

February „ 79 0 1,04a 6 Drilling proceeding fairly steadily, though

slowly. The band of limestone at 958 feet

proved to be only 20 feet thick. The hole

was lined with 6-inch casing to 1,023 fcet-

Since the beginning of March progress has again been very slow, and up to the

present about 40 feet have been drilled. Two more lengths of 6-inch casing have

been put in, making a total of 1,056 feet now in the hole, but these last two lengths

have been driven down with much difficulty, and it is hardly likely that much more

casing of this size can be used. It is, however, more than we expected it would be

possible to introduce, and of course it is a great advantage to have the hole perfectly

clear to such a depth, for it will considerably facilitate the progress of the smaller

casing, which will shortly have to be put in.

The shales and clays beneath the limestone are of very uniform character

Character of the throughout the whole distance—about 940 feet—passed

strata beneath the lime- through up to the present, the only exception being the

stone, occurrence of thin bands and nodules of hard grey lime

stone; and th re can be no doubt, as pointed out by Mr. Griesbacb, that

they are the same beds as those found in a similar position beneath the upper

nummulitic limestone in Baluchistan, as, for instance, in Mudgorge on the Hurnai

Railway. What their thickness may be at Sukkur it is impossible to say, for the

C 2
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different members of the tertiary system vary considerably in thickness in different

localities, and no measurements made in the hills to the west of Sind can be relied

on to furnish an estimate of the thickness at Sukkur. They may continue without

much change for another thousand feet, or, again, the underlying rocks, which it is

to be hoped are of more solid character, may be reached at any moment.

Under these circumstances it is difficult to offer any opinion as to the future

Future prospects of prospects of the boring, that is to say, as to the depth to

borin8- which it should be carried before hopes of a successful

issue are abandoned. But a discovery has quite recently been made in the

neighbourhood of Rohri, on the other side of the Indus, which seems to point

to there being a certain depth at which oil, if it exists in any quantity, should be

met with, and to this depth I think that the boring should certainly be carried;

and now that so much of it has been lined with 6-inch casing, there should be

no great difficulty in doing this. 1 have already reported on the discovery alluded

to, but it may be well to call attention to the facts here, and the conclusions I

have drawn from them so far as they affect the Sukkur boring.

My attention was recently called by His Highness the Mir of Khairpur to the fact

Traces of oil at the that some peculiar gas had been observed for many years to

surface near Kundra. jssue from lne soii at a SDOt about three miles to the west of

Kundra, a village eight miles south of Rohri. I visited the place soon afterwards

and noticed that the gas appeared by its odour to be similar to that observed in the

boring at Sukkur; and recently I had a well dug at the spot so as to reach water,

which was found at about 20 feet from the surface. After reaching a depth of 16 feet

or so the gas, which is apparently carbonic acid, as it does not support combustion,

issued in such volumes as to prevent the men working in the well, and the sinking had

to be carried on from above. On examining the water, after emptying it oat and

allowing it to flow in again several times, distinct traces of oil appeared on the

surface in the shape of iridescent films, and, on dredging up the sand from the

bottom, these films could be seen oozing out from it and spreading over the surface

of the water. The place is well out on the alluvium of the Indus valley, no solid

rock being seen anywhere between it and the ridge of limestone running south

from Rohri, which lies at about six miles distance to the east. Now, if we knew the

thickness of the alluvium and the dip of the beds, it would be easy to calculate from

what horizon in the rocks beneath the limestone these traces of oil escape, supposing

that they escape from the outcrop of the rocks beneath the alluvium and do not rise

through some fissure. Consequently, we should know at what depth we might

expect to meet with them in the Sukkur boring. Estimating the thickness of the

alluvium at 300 feet, and the dip at a0 to the east, which is about the average dip

seen in the hills, the thickness of beds between the base of the limestone and the

horizon at which the oil escapes works out to about 1,500 feet ; and, as the base of

the limestone at the Sukkur boring is 140 feet from the surface, the total depth to

be drilled in order to reach that horizon should be a little over i,6o^ feet. Of course

the alluvium may be of greater or less thickness than 1 have estimated. This can

only be determined by a boring at the spot ; but the difference, whatever it may be.

should be added to or substracted from the estimate above given, in order to deter

mine the depth to which the Sukkur boring should, in my opinion, be carried before

being abandoned.
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The Development and Sub-division of the Tertiary system in Burma ,

by Dr. FRITZ NOETI.iNG, F.G.S., Palxonlologist, Geological Survey

of India. (With a map).

Historical Summary.

In the following summary of the former geological work done in Burma, I shall

restrict myself to a review of those papers which deal with Lower and Upper Burma,

that is to say with that part of Further India which is situated between the Shan hills

in the east and the Arrakan Yoma in the west, and which represents, properly

speaking, the country of Burma. I shall therefore disregard all papers dealing

with the geology of Tenasserim and Arrakan.

Although, since the end of the last century, Burma has been visited by numerous

travellers, who have related their experiences in various publications, the outcome of

these travels has been very poor, with regard to the geological knowledge of the

country. This is the more remarkable in that Burma has been famous for its

mineral wealth, and nearly every traveller had in view the enormous mineral re

sources of the country. The meagre results are doubtless due to the want of

geological training of most of the travellers, and this in its turn might again

account for the legend of the enormous mineral wealth of Burma.

Among the names of those who wrot2 on geological subjects connected with

Burma, previous to the researches of Dr. Blanford, Mr. Fedden, and Mr.

Theobald, two only deserve mention, but they shine with the greater brilliancy

amongst the numerous amateur attempts to deal with the geology of Burma : these

are the names of Dr. Buckland and Dr. Oldham.

As early as 1829, from specimens which had been collected by Mr. Crawford in

Upper Burma, and brought by him to England, Dr. Buckland recognised the fol

lowing formations :—1

1. Alluvium.

2 Diluvium.

3. Fresh-water marl.

4. London-clay and calcaire grossier.

5. Plastic clay with its sands and gravel.

6. Transition limestone.

7. Graunacke.

8. Primitive rocks, marble, mica slate.

Considering the state of geological science at that period, it is -astonishing

how accurately Dr. Buckland has recognized the formations which occur in

Burma. It is unnecessary here to deal with his groups 6 and 8, as, for the purposes

of this paper, we are mainly interested in the younger formations ; but, with regard

to these, it must be said that Dr. Buckland has already recognized some of the most

important sub-divisions of the Burma tertiaries. Had he not been led by a mis- '

taken inference to suppose that the fossil bones were also found in diluvial beds

in Burma, he would, in fact, already have fixed the great divisions into which the

tertiary rocks of Burma can be divided. If we substitute " Upper Tertiary " for

the word " Diluvium," or if we keep in mind the fact that his diluvium really re

presents tertiary strata, we shall see that Dr. Buckland has already sketched in

• Transact. Geolog. Sec, 2nd series, 1829, vol. ii, p. 377.
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broad outlines the sub-division of a part of the tertiary system in Burma, which

still holds good at the present day. His diluvium and fresh-water marl represent

the two groups into which I have divided the Burma strata, vis., the upper ossifer-

ous Irrawaddi division and the Yenangyoung division; the "London clay" represents

the Pegu division, as is unmistakeably proved by the list of fossils, and if we unite his

group No. 5 with the London clay, the three upper divisions of the Burma tertiaries

are at once recognized.

That the nummulitic formation was overlooked is easily explained, when we re

member that its outcrops are only visible far away inland at places that Mr. Craw

ford could not visit.

Dr. Buckland however, was, mistaken in identifying a piece of rock from Min-

lindoung near Yenangyoung with the "Grauwacke" formation of Europe, as, no

such strata occur within the neighbourhood of Yenangyoung, particularly at the

said hill, which is entirely built up of tertiary strata.

It is much to be regretted that no opportunity for the study of the geological

formations of Burma was afforded to Dr. Oldham, beyond those casual visits'

ashore, when the necessary delays of a river journey in those days stopped the pro

gress of the mission to Ava. Otherwise that acute and careful observer would have

been able to give us a more detailed account of the geology of Burma, than that to

be found in his notes on the " Geological features of the banks of the Irrawaddi, etc."1

As it is, Dr. Oldham was obliged to give his observations in the form of a narrative,

which, although full of lucid and detailed observations, renders it very difficult to

follow the author's opinion as to the division of the groups he has noticed. Dr.

Oldham expresses his opinion that the rocks of the area within which the oilfields of

Yenangyoung are situated belong to the tertiary system, but probably owing to lack

of time he does r>ot go into the subject of the division or correlation of these tertiary

beds.

It was not until after the researches of Dr. Blandford, Mr. Fedden and Mr. Theo

bald in Lower Burma, that anything like a sub-division of the tertiary system was

attempted. Mr. Theobald, who has embodied the results of .his own researches anil

those of his two colleagues in his interesting memoir on the Geology of Pegu,8 pro

poses the following sub-division for the Tertiary rocks of Lower Burma :—

Of these the Nummulitic group is considered as correlative with the Eocene of

Europe, while the Pegu group represents the Miocene; the " Fossil wood group "

represents the Pliocene, but Mr. Theobald leaves it an open question as to

whether strata of probably Post-Pliocene age are not perhaps also represented in

the '• Fossil wood group."

We shall presently see that Mr. Theobald has quite correctly recognized the prin

cipal divisions of the tertiary rocks in Burma, and although he may have failed

in the accurate delimitation of these groups, it is well to state at once that these

three sub-divisions are also recognizable in Upper Burma. Where Mr. Theobald's

division is chiefly defective is with regard to the Lower Tertiary. Subsequent

researches have proved that the " Axial group" (which Mr. Theobald has, on the

1 Yule: Narrative of a mission to the Court of Ava in 1855. Appendix A, p. 307.

* Memoirs of the Geological Survey of India, Vol. X.
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strength of a misinterpreted fossil, regarded as of Triassic age) must either be

included in the tertiary system, of which it represents the lowest division ; or

might probably form the highest beds of the cretaceous system. Now, anyone

acquainted with the country in which the " Axial" formation is chiefly developed, will

readily understand the difficulty of accurate observation in such a jungly country

as the Arrakan Yoma. In fact, the question of the age of the " Axial group'' is not

quite settled yet. All we know is that it does not belong to the Triassic system :

this may be considered as certain, but whether it represents the lowest tertiary or

the topmost cretaceous strata, is a question which still requires careful investi

gation. In the following pages I have provisionally accepted the view of the

tertiary age of the " Axial group," but I wish to state at once that by no means do

I consider this question as decided.

The same applies to Mr. Theobald's Negrais rocks, which are probably only

metamorphosed Eocene beds. But not having seen these beds I am unable to

express my views as to their appearance.

Mr. Theobald has sub-divided both the Pegu and the Fossil wood groups, the •

first into two, the second into three sub-divisions ; but none of these can, to judge

from our present experience, claim more than a local importance.

In the following division of the Tertiary rocks in Burma, I have attempted to

combine Mr. Theobald's observations with my own in Upper Burma, and I trust

that I may have at least succeeded in fixing the outlines of groups therein repre

sented. But years and years of patient labour will elapse before we can arrive at

anything like a definite idea of the finer details. If in the following pages the

Upper Tertiary is more explicitly dealt with, this is not because it is of much

more importance than the Lower Tertiary, but because my work brought me chiefly

in touch with the Upper Tertiary.

Division of the Tertiary Rocks of Upper Burma.

Wherever a complete series of the tertiary beds is developed in Upper Burma,

• we can, with the greatest ease, recognize and distinguish two groups, which differ

widely in the character of the fauna they contain.

The lower group is characterised by a marine fauna, which is entirely free from

any terrestrial or fluviatile elements in the lower part, but locally shows a slight

foreign element by the admixture of rolled fragments of terrestrial animals in its

upper beds.

The upper group contains chiefly remains of terrestrial animals, mixed with

such forms as, according to the habits of their present representatives, must have

led an aquatic life.

Hand in hand with this wide difference in the palaeontological characters goes

a distinct change in the features of the sediments. Dark bluish and grey colours

characterise those of the lower, and yellow, olive-green and red those of the upper

group.

Notwithstanding this wide difference between the two groups, it seems as if the

• upper rests conformably on the lower, although there exist no passage beds between

the two,—a fact which must not be overlooked. I therefore divide the Burma

tertiaries into two sub-divisions, viz :—

2. Upper Tertiaries or Burma scries.

I. Lower Tertiaries or Arrakan series.
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For the lower division I suggest the name of Arrakan series, owing to its chiet

development in the Arrakan Yoma ; the upper one may be called the Burma

series, because it is chiefly developed in the broad depression between Arrakan

Yoma in the west and Shan hills in the east, which forms the country of Burma

proper.

I. Arrakan Series.

; The Arrakan series can again be sub-divided into three groups, which palaion-

tologically, as well as lithologically exhibit considerable differences.

The lowest of these groups is very little known ; in fact, we may say we know

nothing with regard to its palaeontological features.

The middle group is characterised by the abundance of NummulHes ; while the

chief feature of the upper group is the total absence of this genus. Lithologically

the two lower groups are characterised by shales and limestones, while, in the

upper, sandstones predominate to the nearly total exclusion of other rocks. For

the lowest group I suggest the name Chin division, while for the middle and upper

one Mr. Theobald's names Nummulitic division and Pegu division may be retained.

i. The Chin Division.

Only the bare outlines of the features of this group can be laid down up to the

present, it being one of the least known members of the Burma tertiaries. I am

nearly certain that subsequent discoveries will essentially modify the views here

expressed. So far as I am able to say for the present, the following are the features

of this group.

Lithologically, flysch-like shales, and hard limestones are the predominating

rocks. It seems as if the shales almost exclusively occupied the lower part of the

group, and were followed by the limestones.

Not even the approximate thickness of the shales can be given, but it may

safely be supposed that it was considerable. So far as it is known, the central part

of the Arrakan Yoma is chiefly built up of these shales, where they form, particularly

in the Chin country, numerous parallel ridges rising to over 7,000 feet above sea

level. No fossils have been discovered for the present in these shales, but this

by no means proves that they are unfossiliferous.

Mr. Theobald's so-called " Axial group " of the southern part of the Arrakan

Yoma, which he considered of Triassic age, represents in a broad sense these

shales, and it is chiefly due to the observations of Mr. Griesbach, who examined a

part of the Arrakan Yoma, where the Axial group was supposed to be present, that

we know that it belongs to the tertiary system, and probably forms its lowest

part. It requires, however, a long and careful examination before more can be said

about the Chin-shales, an examination vrhich will be extremely difficult in a country

like the Arrakan Yoma, which is covered with almost impenetrable virgin forest.

2. The Nummulitic Division.

We know a little more about the middle part of the Arrakan series, although

this knowledge is very scanty. According to Mr. Theobald, the total thickness of the

Nummulitic or Eocene group, as he calls this subdivision, is 1,223 feet, but to judge

from the table given on page 100 of his Memoir, it is quite certain that he has included
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at least 227 feet more, probably about 500 feet of shales, wl'ich probably should

be included in the Chin shales. However, this is a matter which can only be de

cided by actual observation i n the field.

According to Mr. Theobald, the lower part of the nummulitic division consists of

shales and sandstones, occasionally fossiliferous, capped by a bed of highly

fossiliferous nummulitic limestone, of only 10 feel in thickness.

Although I have no doubt as to the correctness of this observation, it is quite

certain that in a northern direction the limestone increases in thickness and import

ance, at the expense of the arenaceous beds. However, this is a matter which

must be left to the future to decide.

The fauna discovered in this group, for which we may for the present retain the

name Nummulitic division, is a rich one, but we know absolutely nothing as to its re

lationship, because owing to more pressine work, none of my predecessors have

undertaken the task of studying it. All that we know at present is that it contains

numerous species of the genus Numviuliles, and, in a bed which most probably

belongs to the upper part of the series, the well-known Eocene species, Velates

schmideliana, Chem. sp. As I have pointed out in the paper, in whiih I described

the occurrence of this species, 1 we may infer from the limited vertical distribution of

this species, rot only in Europe, but also in Western India, that the stratum in which

it was found in Burma belongs to the Eocene system, and must most probably be

considered as correlative to the Khirthar group of Western India.

The occurrence of the genus Nummulitcs together with the typical Eocene species,

Velates schmideliana, Chemn. sp., leaves, therefore, not the slightest doubt that this

part of the Arrakan series must be considered as of Eocene age, having in the

Khirthar group iis correlative in Western India. The lower Tertiaries would there

fore be subdivided as follows: —

1. Upper Eocene: Nummulitic division.

Shales and limestones containing a rich fauna of typical

eocene form's,

2. Lower Eocene (?) : Chin shales.

Shales predominate and have not yielded iiny fossils up to

the present time.

As regards the distribution of the two sub-divisions of the Eocene rocks in Burma

it is practically such that the Chin-shales cover a much wider area than the num

mulitic division, which, so far as our present knowledge goes, forms only a compara

tively narrow band along the outskirts of the Arrakan Yoma.

In conclusion, however, I wish particularly to point out that all that I have

said above regarding the subdivision of the Lower Arrakan series must be con

sidered as preliminary. I myself have only very rarely had occasion to observe it,

and the above remarks are chiefly based on Mr. Theobald's observations, as they

appear in the light of the later researches, particularly those by Mr. Griesbach and

myself. I need hardly add that it will require years and years of careful labour in

the field, as well as in the museum, before we arrive at anything like a clear con

ception of the development of the Eocene rocks in Burma.

3. The Pegu division.

The name " Pegu group " was proposed by Mr. Theobald "for a very important

> Records, Geological Survey of India, 1894, vol. xxvii, page 103.
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series of beds intervening between the Eocene or nummulitic division on the one

hand, and the fossil wood division on the other."

The above definition of the Pegu division would be a very clear and concise

one, if Mr. Theobald had more accurately denned the lower boundary of his "fossil

wood group." As it is, the boundaries of the" fossil wood group " are very uncertain

and thus the upper limit of the Pegu division is very ill-defined.

I propose to apply the name of Pegu division to that series of beds, which are

between the Eocene rocks—characterised by their peculiar marine fauna—and the

Irrawaddi division—characterised by its peculiar terrestrial fauna.

In the above definition, the Pegu division constitutes a very well circumscribed

series of beds, which are characterised as follows :—

The fauna is of a marine type throughout, but the genus Nummulites is entirely

absent. Towards the upper limit rolled fragments of terrestrial animals are, in one

place at least, mixed with a purely marine fauna ; liihologically, sandstones of pepper

and salt colour are predominant, while blue clays are more subordinate.

The above features are so well defined wherever the Pegu-division occurs in

Upper Burmi, that it is not easy to mistake H, although it varies locally a good

deal, as may be expected in a series chiefly composed of sandstones and clays; "so

that it is frequently very difficult to correlate the local developments of the

Pegu division at different localities in Burma. In fact the local developments

differ so widely that even at places close to each other, such as Minbu, Yenangyoung,

Yenangyat it is extremely difficult, if not impossible, to correlate the single strata

composing the sections at the different localities. The difficulty increases of

course with the distance, and years will lapse before the relations of this division in

Lower and Upper Burma are sufficiently studied. We know, however, for the

present enough of the development of this group to enable us to give some more

details. The Pegu division may be conveniently separated into two sub-divisions, for

the lower of which I propose the name of Promt sloge owing to its chief development

in the neighbourhood of that town, while for the upper one the name of Yenang-

youitg slage is suggested.

A.—Prome Stage.

a. Thickness.

Mr. Theobald describes a section of this stage near Prome, measuring 1,950

feet in thickness ; but he adds that this apparently does not represent the total thick

ness. Although, if I interpret his views correctly, he does not think that the total

thickness is- very much greater.

At Yenangyoung the drill has gone through rocks of the Prome stage up to a

depth of 1,000 feet without apparently touching their base.

At Yenangyat it is known partly by surface outcrops, partly by borings, to have

a thickness of not less than 1,100 feet.

On the right bank of the Chindwin between the Kale and Yu river, I estimated its

thickness at about 5, 1 00 feet. In this part of the country I must have been pretty close

to the base, although the actual contact between the upper Eocene and the lower

beds of the Prome stage was not observed, but numerous pebbles containing Eocene

fossils indicated the proxim;*y of the Eocene beds.
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If therefore we estimate the total thickness of the Prome stage at something

like 5,000 feet, I think we shall not be very far off the mark

b. Lithological characters.

The chief constituents of the Prome stage are sandstones and clays, the latter are

however much subordinate to the former; still more subordinate are coal seams and

ferruginous clays ; locally the sandstones contain petroleum, and, at isolated places,

the fossil resin, burmite. The sandstone is very uniform in character, it is finely

grained, of a greyish colour, which may be3t be styled " pepper and salt colour."

Sometimes the sandstone is very soft, other beds are more siliceous, and therefore

harder. When exposed, these beds disintegrate into rather regular lumps, which

retain for a long time their original position, before they fall to pieces. Such beds

which resemble the pavement, may frequently be seen between Thayetmyo and

Prome, or on the Upper Chindwin.

The clay is also of very uniform character, being generally a very tough clunch

of bluish colour.

' Sandstone and clay alternate in beds of various thickness; frequently, as for

instance near Yenangyoung, beds of clay as thin as paper may alternate with similar

beds of sandstone, while at other places, as for instance in the Upper Chindwin

district, the sandstone forms a continuous bed of several hundred feet in thickness-

The clay beds may also attain a considerable thickness, but I never found that

they equalled the sandstone in this respect.

The coal seams are generally of small thickness, the thickest known to me

is a seam of 10 feet, cropping out in the ravine of the Nantahinchoung in the Upper

Chindwin district ; generally they are between 1 and 2 feet in thickness. It would

exceed the limits of this paper were I to dwell in detail on the occurence of the coal

in Upper and Lower Burma ; those interested in its occurence will find ample

information in the papers cited below.1

It seems, however, that in the Chindwin district the coal seams are re

stricted to the lower part of the Prome stage, but to judge from other

localities such as Kabwet, Wuntho or Thayetmyo some seams of inferior quality

also occur in the upper parts.

As the occurrence of the petroleum will be dealt with in a special memoir, which

will shortly be published, it is needless to go into details. All that may be said

is, that it appears that the petroleum chiefly occurs in the upper paits of the Prome

1 Oldham : Memorandum on the coal found near Thayetmyo on the Irrawaddi river.

Selections from the Records of the Government of India, Home Department No. X,

page 99,1856. Reprinted in papers on Burma, issued by the Geological Survey.

Oldham, in Yule's Narrative of a Mission to the Court of Ava, Appendix A., page 330.

Jones : Notes on Upper Burma : Records of the Geological Survey of India, Vol. XX,

Part II, 1887, page 185.

Noetling : Memoir on the Upper Chindwin Coal-fields, 1889.

Noetling : Report on the coal-fields in the Northern Shan States : Records of the

Geological Survey of India, 1891, Vol. XXIV, page 99.

Noetling : Note on the Geology of Wuniho in Upper Burma : Records, Geological

Survey of India, Vol. XXVII, page 119.
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stage, but that it is unquestionable that small quantities are also found in the

lower parts.

The occurrence of the fossil resin, burmite, the famous amber ot Burma, has

been described by me in a special paper.1 Dr. Helm 3 has devoted (wo papers

(o the chemical properties of this fossil resin, which, according to him, is distinctly

different from the real amber or succinite.3

c. Palceonlological characters.

Although the rich fauna which Messrs. Theobald and Fedden co'lected in

the Pegu division of Lower Burma still waits to be described, the examination of the

fauna discovered in the petroleum-bearing strata of Yenangyat has shed so much

light on the age of the Prorae stage that we can now classify it definitely in (he

sequence of the tertiary beds without being obliged to have recourse to an

indirect method. The information recently obtained by the deep borings at

Yenangyat, has proved that (he fauna which I have described 4 from this place

comes from the petroliferous sandstone at the top of the Prome stage. The

following species have been observed :—

1. Parucyathus caeruleus, Duncan.

2. Eupsommia regalis, Alcock.

3. Ostrea ip

4. Fecten cf favrei, d'Arch. & Haime.

5. Daphoderma calata, Reeve.

6. Sucula atcocki Noetling.

7. Astarte (?) dubia, Noetling.

8. Venut cf. scalaris, Bronn.

9. Tellina (Tellintlla) hilli, Noet:ing.

10. Tellina kingi, Noetling.

11. Solen tp.

12. Cotbuta harpa, d'Arch. & Haime.5

1 On the occurrence of Burmite in Upper Burma : Records, Geological Survey of India,

1893, vol. xxvi, page 31.

* Note on a new fossil amber-like resin occurring in Burma : Records, Geological Survey

of India, 1892, vol. xxv, page 183

Further Note on Burmite, a new amber-like fossil resin from Upper Burma, Records,

Geological Survey of India, 189J, vol. xxvi, page 61.

* It may here not be quite out of place to correct a mistake with regard to the age of

certain coal seams occurring in Tenasserim. Mr. Oldham in the Manual of India, 2nd edition,

page 297, expresses his view, that as the coal contains small nodules of a resinous mineral like

amber, these coal seams were of cretaceous age, because in the Assam hills the mineral resin

is characteristic of the cretaceous coals. If any inference regarding the age were admis

sible from the association of fossil resin and coal, it could only be one, and that is that

the coal seams are of miocene age, because everywhere in Upper Burma the fossil resin is

found in strata belonging to the Prome stage, which is of distinctly miocene age.

4 Memoirs, Geological Survey of India, vol. XVII, Part I.

' It may be remarked here that the specie; which I determined as Cotbula harpa

d'Archiac and Haime is really different from that species, although this could not be recognised

at the time owing to the rather deficient figure of Messrs', d'Archiac and Haime. The recent

examination of the Corbula harpa d'Arch. and Haime from Sind has proved that notwithstanding

the great similarity of the right valve, it materially differs from the Burma species by the

sculpture of the left valve ; Corbula harpa d'Arch. and Haime from Burma must therefore be

cancelled, and a new name substituted for it. My remarks on page 4 of the abovenamed

memoir, have therefore been fully borne out by the facts, rnd one anomaly of the otherwise

truly miocene fauna has disappeared.
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13. Trookus buddha, Noetling.

14. Trochus blan/ordi, Noetling.

15. Solarium affine Sow.

16. Discnhelix minuta, Noetling.

17. Turritflla .tffinis, d'Arch. & Hiimc.

18. Siliquatia sp.

19. Calyptrata rugosa, Noetling.

20. Natica obscura, Sow.

21. Natica callosa, Sow.

22. Sigarelus cf. licostatus, Sow.

33. Aporrhais sp.

24. Cypraa granti, d'Arch. & Haiine.

25. Trivia swithi, K. Martin.

26. Cassidaria dubia, Needing.

27. Cassidaria minbutnsis, Noetling.

28. Ficuln tkeobaldi, Noetling.

39. Triton purdahs, Noetling.

30. Rnnella tubercu'aris, l.am.-irk-

31. Nassa cautleyi, d'Arch & Haiine.

32. Clavella djocdjocarta, K. Martin.

33. Fasciolaria nodoulsa, Sowerby

34 Fasciolaria fiddeni, Noetling.

35. Afurex (Muricidea) so.

36 Afniex tschihatschrffi, d'Arch & Hatme.

37. Mutex arrakanrnsii. Noetling.

38. Valuta denlata, Sowerby.

39. Oliva djocdjocarta K. Martin.

40. Cnnctllaria cancellata. Lam.

41. Rapmo sp.

42. Terebta fuscata, Brocchi.

43. HcuTotoma (Drilliu) interrupta, Lomark.

44. Pleuroloma yrnanensis, Noetling.

45. Conus (Rhiaiconus) mallacanus, Hwass.

46. Conus (LeptoCanus) margina us, Sowerby.

47. Balanus sublaevis, Sowerby.

48. Callianassii sp.

49. Pagurus sp.

50. Lamna sp.

51. Galtocerdo sp.

52. Carcharias (Prionodon) sp

Out of a total of 52 species, 48 were specifically determined, but among these

there are three species which could only be, with some doubt, referred to previously

known species. There remain therefore 38 species, which are sufficiently well

determined to allow of geological conclusions being drawn from them. Out of

these 38 species, 15 have been recognized as new, while the balance of 23 species

could be identified with species previously described, but as the species referred

to Corbula harpa, from western India, cannot be considered as identical with this

species, the figures therefore now stand as follows :—

New species ... 16

Previously described specins 22

The geological distribution of these 22 species is as follows :—

Recent, but not previously known in fossil state.

1. Paracyathus caruleus, Duncan.

2. Eupsammia rtgalis, Alcock.
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Nari group—

1. Daphodtrma calala. Reeve (Area burn/si, d'Arch, and Haiine).

2. Solaris m affine, Sowerby.

3. Turritella affinis, Sow.

4. Cyprcea granfi, d'Arch. & Haime.

5. Valuta dentata, Sowerby.

Gaj group—

1. Daphoderma calala, Reeve (Area burnesi, d'Arch. & Ha me),

2. Natica obesura, Sow.

3. Nassa eautlryi, d'Arch. & Haime.

4. Batanus sublet vis, Sow.

Older Tertiary—

1. Daphidtrma colato, Reeve.

2. Fasciolaria nodulosa So«erby.

Of uncertain horizon are—

1. Natica callosa, Sowerby.

2. Murex tschihatscheffi, d'Arch. & Haime.

3. Conus (Leptoconus) marginalus, Sow.

In the Miocene of Java have been found—

1. Triria smithi, K. Martin.

2. Clavella djocdjacarta, K. Martin.

3. Oliva djocdjocarta, K. Martin.

4. Cancellaria cancellata, Lam.

5. Pleurotama interrupta, Lam.

6. Conus (Rhitoconus) mallacahus, Hwass.

From the above list it is evident that the fauna cannot be older than of Miocene

age : only two species could be identified, which occur in the older tertiary beds

of India : one of these, however, also ascends into higher groups, in fact, it is still

living in the Indian Ocean. The geological horizon of three species is unknown,

and we may therefore disregard them for the moment. Out of the remaining

species—

Two are recent and not previously known in a fossil state. O

Five range from the Miocene to the present day.

Three have been found in the Miocene of Java.

Four have been found in the Nari group of Western India. '

Three have been found in the Gaj group of Western India.

As out of a total of 17 species, 7, that is to say nearly 50% are still living, we

are therefore justified in assuming a miocene age for the beds which have yielded

this fauna. It only remains to be seen whether the fauna bears a greater resem

blance to the Gaj or to the Nari group of Western India. The evidence in this

regard is very meagre, in fact it would be rather rash to form a final conclusion, but

from the fact that the species from Java have been found in beds which are

considered as of the same age as the Gaj group, I feel inclined to consider the

fauna of the Prome stage as correlative to the Gaj group of Western India.
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d. Facial development of the Prome stage.

In studying the development of this stage, particularly in Upper Burma, it is at

once obvious that, notwithstanding the purely marine character of the fauna, some

beds, which must be considered as homotaxial to the former, were either deposited

in estuaries or at no great distance from the coast.

For instance, at Yenangyoung, a well, which had reached a depth of .156 feet

from the surface, and which had, in the light of the information recently obtained,

passed through the 1 st and 2nd petroliferous sands, a highly fossiliferous conglo

merate- of about 6 inches in thickness was discovered in which I collected the

following species :—

1. Corallium, gen. div ; one closely related to Paracyathus caruleus, Dune.

2. Teredo sp.

3. Venus sp.

4. Cardium sp.

5. Area sp.

6. Pecten cf. favrei, d'Arch & Haime.

7. Gastropoda, gen. div.

The invertebrata are all very ill-preserved, in fact they are either only casts or

moulds, the calcareous substance of the shell being entirely destroyed by sulphuric

acid, which is represented by a large quantity of iron pyrites. The latter makes

the preservation of these fossils almost impossible: notwithstanding repeated coat

ings of varnish, they have, in the damp climate of Calcutta, almost entirely crumbled

to pieces with considerable efflorescence. The vertebrata have yielded the follow

ing list :— .

1. Teleostei gen. div.

2. Myliobatis sp. .

3. Odontaspis sp.

4. Carekarias sp.

5. Cketonian bones.

6. Crocodilis sp.

7. Antelope sp. (?)

8. Anthracothtrium silisttense.

9. Rhinoceros or Hippopotamus sp.

Besides the abovenamed forms which could be recognized with certainty,

the conglomerate contained numerous fragments of bones, which have been

too much rolled to be determined. The chief interest however rests with the fact,

that fragments of terrestrial and estuarine forms are mixed with a purely marine

fauna, and that such a strangely composed fauna has been found in strata between

the 2nd and 3rd oil-sand at Yenangyoung.

On the other hand, the petroliferous sand of Yenangyat, which is perhaps a little

higher in the series, has yielded the purely marine fauna above described.

In the Upper Chindwin district the coal-seams in the lower part of the Pegu

division apparently indicate an estuarine, or at least a littoral deposit, while further

south near Thayetmyo, a purely marine fauna is found in the lower portion of the

Prome stage. It seems to me, therefore, that not only are beds, which are undoubt

edly homotaxial, partly marine and partly of littoral or of estuarine character, but

that also owing to local oscillations these changes take place in a vertical direction.

On the whole it may, however, be said that the marine character is more pronounced
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in Lower Burma, while the litioral or estuarine formation prevails in Upper Burma.

This view, however, by no means affects the opinion expressed above as to the wide

difference between the fauna of the Prome stage and that of the Irrawaddi division,

nor does it modify the conclusions based thereon with regard to the sub-division

of the Burma tertiaries.

e. Sub division of the Prome stage.

It is obvious that, under the circumstances above described, a general sub-divi

sion of the Prome stage is extremely difficult, and that those attempts, which have

so far been made by Mr. Theobald in Lower Burma, and by myself in the Upper

Chindwin district are of purely local value, hardly holding good for more than

a few miles around the locality for which they were made.

Under these circumstances it would be superfluous to tepeat them here. All

that can be said is that, perhaps, after years of careful study, and after an exhaust

ive examination of the fauna, and a most careful determination of the fossiliferous

horizons in the sequence of the series, it will, perhaps, be possible to arrive at a

general sub-division of the Prome stage; for the present we must be satisfied with

local sub-divisions, without making any attempt at correlating their individual

members.

B.—The Yenangyoung stage.

A marked lithological difference distinguishes the overlying series of beds

from the Prome stage. No sharper boundary can be imagined than the con

trast between the bluish tinges of the Prome stage, and the brown or olive-coloured

beds of the Yenangyoung stage at places where the contact between the two is

well exposed, as for instance in the Oung-Ban ravine between Kodoung and

Twingon. In fact, the results of the deep borings carried out at Twingon render

it utterly impossible to assume an absolutely conformable superposition of the

Yenangyoung stage on the Prome stage. The study of these sections leads to

the assumption that a break must exist between the Upper Prome beds and

the lower beds of the Yenangyoung stage, at least in the country near Yenang

young. On the other hand it deserves to be mentioned that at Yenangyat the

Yenangyoung beds rest (apparently with absolute conformity) on the Prome stage.

Although there exists, therefore, a sharp lithological difference between the

Prome stage and the Yenangyoung stage—a difference from which one would

rather feel inclined to consider the latter as the basal beds of the Irrawaddi division,

so great is the lithological similarity between the two— still the palaeontological

evidence unquestionably proves that the Yenangyoung stage is widely different

from the Irrawaddi division and closely related to the Prome stage. It must

therefore be included in one series with it,

a. Thickness.

At Yenangyoung the beds composing the Yenangyoung stage form a series

of about 1,100 feet in thickness.

At Singu the thickness is about 700 feet, but here the whole series is not com

pletely exposed, and it is impossible to say to what depth it may still extend.
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At Yenangyat the whole series is again well seen : its thickness at this place is

about 1,200 feet.

It is therefore tolerably certain that, at least in Central Burma, the Yenangyoung

stage is only of moderate thickness as compared with the other groups composing

the Burma tertiaries.

b. Lithological characters.

The chief constituents of the Yenangyoung stage are soft clays, alternating

with beds of sandstone, which may either form thin hard bands, or thicker soft

beds. The clay is usually of olive colour, but in various instances, bluish tinges,

particularly near Yenangyat, have been observed. One involuntarily imagines a

struggle between the bluish colour of the older beds and the olive colour of the

newer strata ; there are frequent relapses, so to speak, to the original bluish colour,

till eventually the olive colour gets the upper hand and bluish tinges have entirely

disappeared in the Irrawaddi division. This struggle between the two colours is

extremely well seen at Yenangyat, where, after having made a final effort, the

bluish colour of the clay disappears with the highest bed of the Yenangyoung stage.

The sandstone is usually very friable, and of a yellowish colour ; bands of hard

kidney-shaped or globular concretions occurring very frequently.

A most remarkable feature is the presence of gypsum, which occurs frequently

in large crystals in the clayey beds. It is noticeable that no gypsum is found

either in the lower Prome stage or in the Upper Irrawaddi division, and in this

respect its occurrence forms an exceedingly useful feature for the recognition of

the Yenangyoung stage. One may be almost certain to have beds of the

Yenangyoung stage under observation when the gypsum Is noticed.

c. Palceontological characters.

Fossils are rather scarce in the Yen^ngoung stage, that is to say, the localities

in which they are found are not numerous ; but when present the fauna is usually

a rich one. So far I have discovered three places where fossils have been found,

and every one of these localities unquestionably represents a different horizon.

The lowest horizon is probably represented by beds which contain a very rich

fauna near Minbu. In a similar horizion, fossils also occur at Yenangyat, but I

never found at this place a bed where they were recognizable, being in every case

mostly fragments.

Next in the series follows the Cypricardia bed of Singu.

The last in the series is the Halissa or Cyrena bed containing countless numbers

of the two species Batista (Cyrena) crawfurdi and petrolei. It will be useful to

discuss the palaeontological characters of each of these beds separately, and eventual

ly compare the whole of the fauna with that of the Prome stage.

I. MlNBU-BED.

The fauna of this bed, which is well exposed at the hill, north of the

mud-volcanoes, has beer, described by me in the memoir previously quoted. So

far the following species have been found :—

I. Paracyathus etr, ulcus, Duncan.

3. Ostrta, sp. I.

D
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3. Pecten ci./avrei, d'Arch. & Haime.

4. Nucula a/cocki, Noetling.

5. Venus sp.

6. Tellina tingi, Noetling.

7. Cortula spec. nov. 1

8. Trochus buAdha, Noetling.

9. Trochus blanfordi, Noetling. •

10. Solarium affine, Sowerby.

It. Solarium cyclostomum, Menke.

ia. Scalaria birmanica, Noetling.

13. Scalaria irregularis, Noetling.

14. Scalatia subtenuilamella, d'Arch. & Haime.

15. Turritella affinis, d'Arch. & Haime.

16. Calyptraa rugosa, Noetling.

17. Natica obscura, Sowerby.

18. Natica callosa, Sowerby.

19. Cerithium sp.

20. Strombus nodosus% Sowerby.

21. Cyproza granti, d' Arch, and Haime.

23. Cassis d' archiaci, Noetling.

23. Cassidaria dubia, Noetling.

24. Cassidaria minbuensis, Noetling.

25. Triton (Simpulum) davidsoni, d'Arch. & Haime.

26. Triton pardalis, Noetling.

27. Ranella tubercularis, Lamark.

28. Nassa cautleyi, d' Arch. & Haime.

29. Clavella djocdjocarta, K. Martin.

30. Fasciolaria noduloso, Sowerby.

31. Jtfurex arrakaxensis, Noetling.

32. Volvaria birmanica, Noetling.

33. Valuta dentata, Sowerby.

34. Oliva djocdjocarta, Martin.

35. Terebra fuscata, Brocchi.

36. Pleurotoma voyesi, d'Arch. & Haime.

37. Pleurotoma (Drillia) interrupta, Lamark.

38. Pleurotoma yenanensis, Noetling.

39. Conus (Rhieocqnus) mallucanus, Hwass.

40. Balanus sublaevis, Sowerby.

41. ' Callianassa sp.

42. Lamna sp.

43. Myliobates sp.

44. Cartharias (Prionodon) sp

The above list shows that the Minbu bed contains nearly the same number of

species as the Prome beds and that out of a total of 44 species it contains 29 species

which are common to both faunas. So far the forms peculiar to the Minbu bed

are the following :—

I. Ostrea sp. t.

3. Venus sp.

3. Solarium cylostomumt Menke.

4. Scalaria birmanica, Noetling.

5. ,, irregularis, Noetling.

6. „ subtenuilamella, d' Arch. & Haime.

1 Described as Cotbula harpa, d'Arch. & Haime.
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7. Cerithium sp.

8. Stromlus nodosus, Sowerby.

9. Cassis d'atchiaci, Noetling. ,

10. Triton (Simpulum) davidsoni, d'Arch. & Haime.

11. Triton partialis, Noetling.

la. Voharia birmanica, Noetling.

13. Terebra fuscata, Brocchi.

14. Pleurotoma voytsi, d' Arch. St Haime.

15. iiyliobates, sp.

Of these 15 species 4 have been only generally determined, 4 are new forms

and the remainder of 5 species have been previously described. Of these the

following three species are found in the Gaj group :—

Scalaria subtenuilamella, d'Arch. & Haime.

Strombus nodosus, Sowerby.

Triton {Simpulum) davidsoni, d'Arch. & Haime.

in the. Nari group occur—

Solarium cydostomum, Menke.

Triton davidsoni, d' Arch. & Haime.

recent is— . .

Solarium affine, Menke.

of uncertain geological horizon is—

Pleurotoma voyesi, d'Arch. & Haime.

while the last one—

Terebra fuscata, Brocchf.

occurs in the Upper Miocene of Europe.

1 do not think that the above meagre list is in itself sufficient to decide

the question of the age of the Minbu bed ; if any inference could be drawn, it

would be that it shows almost a larger number of species found in the Gaj group

of Western India than the Yenangyat fauna. It may, perhaps, be possible that

its actual horizon is a little lower down in the series than I have here assumed,

and that it ought to be included in the Trome stage, although this would not

materially alter the views here promulgated regarding the position and age of the

Yenangyoung stage. I have assumed from its position in the series above the

petroliferous horizon, which, so far as we know for the present, seems to be a vety

excellent one, that it is younger than the Yenangyat fauna ; but of course it is

extremely difficult, owing to the monotonous development of the tertiary strata,

absolutely to correlate certain beds of two localities, which are at some distance

from each other.

That there exists a difference between the two faunas cannot be denied, if we

look through the above list ; this difference may only represent the local variation

of one and the same fauna, or it may really represent a difference in the geological

age of the two faunas. For the present this question must be left undecided, as

our imperfect knowledge of the tertiary, fauna in Burma does not allow such intri

cate questions as the above to be settled ; but my opinion is, that the Minbu fauna

holds a position at the base of the Yenangyoung stage, and I have therefore

included it in the discussion of this group. Should it, however, eventually be found

better to include the Minbu-bed in the Prome stage, it must not be disregarded,

that it certainly occupies a higher horizon than the Yenangyat beds.

D 2
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2. Cypricardia-BEO.

The geological position of this bed is much more accurately fixed with regard

to the Yenangyat bed, than that of the Minbu bed. The Yenangyoung stage has

been traced from Yenangyat down to Singu, and it is quite certain that at Singu

only the higher beds of the Yenangyoung stage are exposed.

The Cypricardia bed holds a position comparatively close to the upper boundary

of the Yenangyoung stage, and it must therefore be decidedly younger than either

the Minbu or Yenangyat fauna. It is an argillaceous sandstone containing

numerous lumps of hard clay, which, strange to say, are almost in every case per

fectly riddled by the borings of a Lilhodomus. Its thickness is not more than

6 inches, but it forms a most constant horizon, which can be easily recognized at

either side of the anticline. It is probably from this bed that the late Dr. Oldham

obtained some fossils, when visiting Singu in 1855.1 Unfortunately this fauna has

not been carefully examined yet, because it was only during the field season 1894-

95, that I discovered the Cypricardia bed, but still the knowledge of the species

occuring in the Yenangyat and Minbu beds has enabled me to identify some

of the species occurring in it, while other forms were recognised as being absent

in the abovenamed beds. The entire character of the fauna of the Cypricardia

bed is totally different from that of either the Yenangyat or Minbu beds. While

in the former the Gastropoda predominate— out of a total of 69 species, 45

belonging to the Gastropoda—it is certain that in the Cypricardia bed the Pelecy-

poda predominate not only by number of species, but also by number of indivi

duals. The commonest forms are an Ostrta sp., Pecten cf. favrti d'Arch. and

Haime, and a Cypricardia, besides Paracyathus carultus, Duncan. It is, however,

strange that, although the Ostrea sp. is the commonest form, not a single well-

preserved specimen could be obtained. Pecten cf. favrti, d'Arch. and Haime,

is always well-preserved like the other Pelecypoda, and I dare say that the question

whether it really represents the Indian species can now be settled ; next in fre

quency is a beautifully preserved Cypricardia, and an Avicula, and then comes

the easily recognizable Paracyathus caruleus, Duncan. The following is a pro

visional list of the fossils, which I have been able to recognize ; but I wish at once

to state that this list is by no means exhaustive.

1. Paracyathus caruleus, Duncan, very common.

2. Ostrea, sp. apparently related to" Ostrea, sp. 1, from Minbu ; very common.

3. Pecten cf. favrei, d'Arch. and Haime, very common.

4. JUodiola, sp. I, rare.

5. Modiola, sp. 2, rare.

6. Lilhodomus sp., very common.

7. Avicula sp., very common.

8. Daphoderma caelata, Reeve {Area burnesi, d'Arch. and Haime; common).

9. Venus, sp. 1, the same as found at Miabu ; very common.

10. Venus, sp. 2, rare.

It. Tellina (Tellinella) h illi, Noetling ; rare.

12. Teltina kingi, Noetling ; always beautifully preserved, but not common.

13. Trochus \p., cf. blanfordi, Noetling; common.

14. Solarium affine, Sow.; rare.

1 Yule, mission to the Court of Ava, p. 27, and Appendix A, page. 3«9-
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15. Conus (Rhieoeonus) mallacanus, Hwass; rare.

16. Conus (Leptoeonus) morginatus, Sowei by ; rare.

17. Callianassa sp. nov. The hands of a gigantic Callianassa sp. are not very

rare.

To judge from this specimen it seems that the isolated fragment of a finger

which I referred to Pagurush 1 really belongs to this gigantic Callianassa. As

I have remarked above, this list is by no means an exhaustive one, and a careful

examination of my collection will swell its number considerably ; but it may be

stated at once, that almost all the forms, which have been recognized hitherto, are

identical with those described from the Yenangyat and Minbu beds. On the

other hand some new forms, which had hitherto not been found in either of the

abovenamed beds, have been discovered ; the most conspicuous among these are—

Avicula sp.

Cypricardia sp.

besides various others.'

The geological horizon of the Cypricardia bed being decidedly higher up in

the series than either of the fauna abovementioned, it is almost certain that the

faunistic difference noted cannot be considered as only a local variation.

3. Batissa-(Cyrena-) bed.

The highest position in the Yenangyoung stage is occupied by a bed which

is unfossiliferous almost throughout its whole extent, but containing at two places at

least in the neighbourhood of Minlindoung, countless numbers of Batissa crawfurdi

Noetling and Batissa petrolei Noetling. These two forms are also found in the next

higher bed, which most decidedly belongs to the Irrawaddi division, and they form

the connecting link with thatseries of strata which contain such an entirely different

fauna from that of the older tertiaries.

If the Cytherea promensis, a species established by Mr. Theobald, but neither

described nor figured, is, as I suppose, identical with either Batissa crawfurdiHoex-

ling or Batissa petrolei, Noetling, we are bound to assume that this form occurs far

down in the tertiary series of Lower Burma. The question is an interesting one,

but it can only be decided after the examination of Mr. Theobald's collections. In

Upper Burma the Batissa bed concludes the Yenangyoung stage, and if we assume

that this horizon would be the same in Lower Burma, the logical consequence

would be that the Yenangyoung stage is much thicker in Lower Burma and that

on the top of the Batissa bed there exist several fossiliferous horizons, which are

not represented in Upper Burma.

These are, however, views which can only be settled by actual observation in the

field, as I do not think that the examination of Mr. Theobald's collections will shed

much light on this question, as the positions of the horizons in which the fossils

were collected are not always known with certainty with reference to each other.

I may conclude the description of the palseontological features of the Yenan

gyoung stage with the remark that, to my knowledge, no fossil wood either car-

1 Memoir, Geological Survey of India, Vol. XXVII, part. I, page 44.

* I hope that I shall soon be able to give an exhauitive description of this fauna which,

from its geological position, has a particular interest.
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bonised or silicified has been discovered in it. The absence may be accidental,

but it seems significant to me that hitherto no silicified wood has been found in

either group.

c. Distribution oj the Yenangyoung stage.

The Yenangyoung stage being established as the series of strata intermediate

between the Prome stage and the fossil wood group (Irrawaddi division) in Upper

Burma, nothing can be said with regard to its distribution in Lower Burma ; but it

is almost certain that it is also represented in that part, although it seems that it does

not form such a well circumscribed series as in Upper Burma. In fact it seems

that in Lower Burma it merges more .or less into the Prome stage.

In Upper Burma it is well represented near Minbu, at Yenangyoung, Singu and

Yenangyat, but it must be kept in mind that the localities where it is well exposed,

are comparatively speaking of limited extent, as it appears near the surface only

where the conditions have been favourable ; and in almost the whole of Upper

Burma it remains hidden beneath the overlying Irrawaddi division.

I am not quite certain whether the Yenangyoung stage is represented in the

Chindwin hills ; it is most probably represented, but it does not seem to form such

a conspicuous member in the series. It is, perhaps, possible that part of the sand

stone beds, which to a thickness of approximately 6,000 feet overlie the Prome

stage, represent the Yenangyoung stage, but with regard to this we must await the

result of further examination..

II.—The Irrawaddi division.

The Irrawaddi division comprises, broadly speaking, Mr. Theobald's fossil wood

group, and I have therefore to explain why I changed the name and substituted

a new term for Mr. Theobald's designation. The chief reason is, that "Fossil wood

group " is by no means an appropriate term for this series. Not only are numerous

beds, particularly in the lower part of the series utterly destitute of fossil wood, but

what is much more important certain post-tertiary beds abound in fossil wood. In

fact, one would rather feel inclined to apply the term " fossil wood group " to some

diluvial gravel beds, so full are the latter sometimes of enormous pieces of fossil

wood. For this reason these post-tertiary gravels have frequently been mistaken

for tertiary strata, and, in order to avoid any confusion, I preferred a different name,

and have therefore chosen the name Irrawaddi division from the enormous develop

ment attained by these beds in Upper Burma in the basin of the Irrawaddi. 1

a. Thickness.

I include in the Irrawaddi division all the beds above the Yenangyoung stage

which are characterised by the remains of terrestrial and fluvtatile animals but below

the unconformity which separates the post-tertiary beds from those of tertiary age.

The Irrawaddi division, as thus circumscribed, exhibits a measured thickness

of 4,620 feet in the neighbourhood of Yenangyoung, but it is quite certain that this

does not by any means represent the total thickness of the division.

■ 1 In previous papers I used the term Irrawaddi sandstone to designate this group on account

of the preponderance of yellow sandstones, but I think that the term Irrawaddi dittsion

would be preferable.
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The cross-cut of the Irrawaddi bed between Singu and Salemyo affords an

exceedingly good section of the Irrawaddi division, from its base to most probably

within a short distance of its uppermost beds. The calculated thickness of the

Irrawaddi division in this section would be about 20,000 feet. This will probably

nearly represent its greatest thickness in Upper Burma, at least in that part of the

country which chiefly interests us for the present.

In Lower Burma the Irrawaddi division is apparently much less developed than

in Upper Burma. Mr. Theobald gives no figures regarding the total thickness of

his " Fossil wood group " but, to judge from his figures, it cannot be anything like

that attained in Upper Burma.

6. Lithological characters.

The rocks which compose the Irrawaddi division form by their light colours a

most marked contrast to the dark coloured beds of the older strata. Light yellow is

the prevailing colour, but dull red, brown and olive-green tinges are by no means

rare, although they take only a subordinate rank.

The predominant rock is a very soft sandstone, which might perhaps better bo

termed " sand-rock" of light yellow colour. It forms thick beds which frequently

contain nodular or kidney-shaped concretions of extremely hard siliceous sand

stone. These concretions which are sometimes of considerable size, are arranged

in strings, parallel to the bedding, and stick out of the surrounding softer material

forming a very conspicuous feature in the landscape. Alternating with the sand

stone are beds of olive-coloured soft clay, which, however, never attain the thick

ness of the sandy beds.

Still more subordinate, but very important from a palaeontological point of view

are dull red bands of a ferruginous conglomerate. Sometimes all foreign matter is

so rare that these bands form regular layers of cellular iron ore, which have in

former times been used for the production of iron. Their thickness changes from

a few inches up to about 15 feet, but it must be mentioned that they do not as a

rule seem to form continuous layers, but more or less irregular strings, which

although parallel to the bedding, may suddenly die out at one place and re-appear at

another. The only exception seems to be the ferruginous conglomerate at the base

of the group, which forms a very continuous layer of which I shall presently have

more to say.

The composition of these ferruginous conglomerates proves that they must have

been formed along a beach, for they exhibit all the flotsam and jetsam which is

generally gathered in such places. There are small pieces of drift-wood now

changed into hydroxide of iron, small pebbles of quartz and ferruginous clay,

rolled fragments of bones, all mixed up, sometimes gathered in small heaps,

sometimes spread out and forming only a thin, disconnected layer. A femur of

probably Rhinoceros sp. which I found in one of these layers affords an exceedingly

good illustration regarding the conditions under which they were formed. It rested

with one side on a bed of sandstone and around it, and partly over it, were heaped

ferruginous clay—pebbles, etc. etc. ; now that side on which the bone rested was

considerably rubbed, thus indicating the result of the friction on the underlying sand,

produced by the gentle rocking of the bone by the waves, while lying on the beach.

The ferruginous conglomerates afford us therefore a material help, with regard

to the conditions under which the Irrawaddi division was deposited, and from this

point they deserve special attention.
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c. Palaontological characters.

The Irrawaddi division is undoubtedly the most interesting in the whole

series of the Burma tertiaries owing to the fact that it contains numerous remains

of terrestrial and fluviatile animals. It is, however, an open question whether

these remains are generally distributed throughout the group, or whether they

are restricted to certain localities only. It seems to me that there is no reason

why they should not be found anywhere, whenever the strata of this group are

exposed, but so far as my experience goes they are much more frequent at certain

localities than at others.

For instance, along the river shore from Nyounghla t'o a few hundred yards

north of Sithabwe' village fossil bones are extremely common ; further north they

become scarce, and north of Yenangyoung I have not yet found a single specimen,

although the beds developed in this part are the same as those south of Yenan

gyoung village^ Near Pagan I have searched for miles along the bank of

the Irrawaddi, where the Irrawaddi division is well exposed, without finding a single

specimen.

It is further very remarkable that not only were the first fossil bones which

came from Burma, and which were described by Dr. Buckland as earlyas 18*3,'

collected near Yenangyoung. probably at the very locality which I mentioned above,

but that also the chief collection of fossil bones which was made by the mem

bers of the Mission to Ava, was found near Yenangyoung.8 To judge from a.

remark made by King Mindon Min in the most interesting conversation recorded

on pages 112 and 113 of Yule's Mission to Ava, "Biloos" bones3 are very com

mon in the Yaw country, and it is quite possible that the list which Mr. Theobald

gives* as coming from " Ava" refers to fossils collected in the Yaw country. They

certainly cannot come from Ava, as nowhere in the neighbourhood of that town

do beds of the Irrawaddi division occur.

Mr. Theobald expressly states that in Lower Burma the fossil wood group is

only locally mammaliferous, and if we thus take all the evidence we must believe

that the fossil bones are only of frequent occurrence at certain localities, of which

three are known at the present time, viz. :—

1. Lema, near Thayetmyo in Lower Burma.

2. Bank of the Irrawaddi between Nyounghla and Yenangyoung.

3. Yaw-country,

Of these three localities, I know only the second from personal experience ; as

regards the first, we have the evidence of Mr. Theobald, and as regards the third, I

must say that all the probabilities are in favour of the occurrence of fossil bones,

because the very strata in which they have been found near Yenangyoung are

largely developed in the broad valley of the Yaw. On the other hand, I must say

that this is no absolute proof, for although the Irrawaddi division is largely developed

in Northern Burma, as for instance, in the- Pakdkku, Upper Chindwin, Ye-u and

Shewbo Districts, yet I have not found a single specimen of a fossil bone,

although I repeatedly and carefully searched for them. I may have overlooked

them, a possibility which I fully admit, and future researches may discover them in

1 Transactions of the Geol. Soc, Series II, Volume II, page 377.

1 Narrative of the Mission to the Court of Ava, 1858, page 3:5.

' Biloo, a fabulous monster.

* Op jam. cit., ■p. 07.
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parts where I have looked in vain, but for the present we must content ourselves

with stating that the locality in Upper Burma where fossil bones have been found

in largest numbers is the country around Yenangyoung.

The seemingly erratic manner of horizonial distribution of the fossil bones might

perhaps be explained if we assume that they are restricted to a certain portion

of the strata of the Irrawaddi division, and that they are therefore only found at

places at which that particular portion is well exposed.

The question is a difficult one to decide, and would require further observations,

but if one may be allowed to draw a conclusion from the occurrence of the fossil

bones around Yenangyoung it seems that they are restricted to the lower and

middle parts of the Irrawaddi division, while they are extremely rare, if not entirely

wanting, in the upper part, being replaced by the frequently occurring fossil wood.

This supposition would explain the curious mode of occurrence near Yenangyoung

the youngest strata of the Irrawaddi division being chiefly exposed along the river

bank south of Nyounghla and north of Yenangyoung.

The late Dr. Oldham1 had already observed that the fossil bones are chiefly

found in the ferruginous conglomerates and " breccia or conglomerate " which

he has found at Minlindoung8 and which is considered by me as the bottom-bed

of the Irrawaddi division, and distinguished as a special bone-bed, of which more

will be said later on. Besides this bed, I found fossil bones at several higher

horizons, and I think that I am able to recognize certain well marked horizons

characterised by their vertebrate fauna; this sub-division will be discussed presently.

As regards the fauna, which has left its remains deposited in the Irrawaddi

beds, the following species and genera have been noticed by various authors.

The first to determine the collection made by Mr. Crawford was Dr. Buckland, who

recognised the following species :—

Mastodon latidens, Clift.

„ elephantoides, Ctift.

Hippopotamus sp.

Rhinoceros sp.

Sus sp.

Tapirus sp.

Bos sp.

Cervus sp.

Antelope sp.

Croeoditis sp. off. vulgaris.

Leptothynchus sp. (Gatialis sp.)

Trionyx sp.

Emys sp.

The specimens collected by Dr. Oldham, of which he has given a rough list at

the end of his paper, have subsequently been more accurately determined, and I

suppose that the list of fossils from Ava which Mr. Theobald gives' refers to them.

The following species and genera are enumerated :—

Mastodon latidens, Clift.

Elephas eliftii, Cautl. and Fate.

Aiettodon elephantoides, Clift.

1 Mission to Ava, page 315.

' Dr. Oldham spells the word Menleng.

* Op. jam. cit., p. 67.
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Rhinoceros sp.

Equus sp.

Hippopotamus (Hexaprotodon) irravadicus, Caut. and Fa!c.

Merycnpotamus dissimilis Caut. and Fa!c.

Sut sp.

Tapirus sp.

Bos sp.

Cetvus sp.

Antelope sp.

Ctocodilis sp.

Leptorhynchus sp.

Emys sp.

Trionyx sp.

Colossochelys sp.

Most of these have been subsequently examined and described by Mr.

Lydekker in the Palaeontologia Indica and a few more species added to the

above list, viz., Ursus sp., Mastodon sivalensis, Rhinoceros sp., Vishnuiherium

irravadicum, Bos sp. The following species have been collected by me in the

neighbourhood of Yenangyoung :—

1. Mastodon latidens, Clift.

2. Stegodon cli/tii Caut. and Falc.

3. Aterotherium perimense, Lyd.

4. Rhinoceros sivalensis, Lyd.

5. Hippopotamus irravadicus, Caut. and Falc.

6. Sus titan, Lyd.

7. Bubalus sp.

8. Boselaphus sp.

9. Hippotherium antelopinum.

10. Cervus sp.

11. Lutra (?) sp.

12. Crocodilis cf. biporcatus (.'),

13. Gavialis sp. cf. gangeticut.

14. Emyda palaindica,

15. Trionyx sp.

16. Colossochelys atlas.

17. Testudo sp.

18. Emys sp.

19. Carcharias sp.

Besides the species above mentioned, there are still some teeth representing

three or four more species, which are, however, too ill-preserved to be deter

mined.

Now, if we compare these lists of fossils collected at three widely separated

periods, their great similarity is rather striking. In fact, although I had the best

opportunity of all, my collection only adds a few more species to those already

known through Dr. Buckland and Mr. Lydekker ; but even these do not in the

least alter the character of the fauna. If we omit the rather doubtful Equus sp.

and assume that Mr. Oldham's Antelope sp. is identical with Boselaphus sp., the

fauna consists of 26 species altogether. The character of this fauna is decidedly

expressed by its composition, it being almost exclusively composed of animals which

led either an entirely aquatic life or dwelt in swampy marshes bordered by shady

forests, and required besides large quantities of vegetable food and an abundance
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of water for their welfare. Out of the 26 species above mentioned, seven are

ot entirely aquatic habits, viz.—

Crocodilis cf. biporcatus (f).

Gavialis, sp. cf. gangeticus.

Emyda palaindica.

Ttionyx sp.

Colossochelys a flat.

Emys sp.

Carcharins sp.

To these we may add two which lead a semi-aquatic life, viz. .—

Hippopotamus irravadicus. .

Lutra sp.

Out of the remaining species we may safely suppose that—

Rhinoceros [Aceretherium'] perimense.

Rhinoctros sivalensis.

Rhinoceros sp.

Bubalus sp.

Sus titan.

Tapyrus sp.

Vishnutherium irravadicum.

and most probably also—

Merycopotamus dissimilis.

Hippotherium anUlopinum.

chiefly dwelt in marshy swamps, while the remainder, viz. :—

Mastodon latidens.

Mastodon sivalensis.

Stcgodon cli/tii.

Boselaphus sp.

Cervue sp.

Bos sp.

Vrsus sp.

Tesludo sp.

most probably lived in the shady forests bordering the marshes.

The only region, in which were all the conditions for the existence of a fauna

constituted as the above, would be the low islands and estuaries of the delta of a

large stream. The numerous brooks and creeks afforded ample room and

nourishment for the members of the reptilian tribe as well as for the sharks, while

the low islands, covered with a luxurious vegetation, were the places where the

Vngulata and Proboscidca led a comfortable life.

If we now examine the homotaxial relations of this fauna, it is at once obvious

that it bears the strongest resemblance to the Siwalik fauna . of India. Out of 26

species, at least 1 1 are recognized with certainty as being identical with Siwalik

forms ; these are :—

I. Mastodon latidens.

s. Mastodon sivalensis.

3. Stegodon cli/tii.

4. Rhinoceros (Acerotherium) pir.mense.

5. Rhinoceros sivalensis.

6. Metycopotamus diss'milit.
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7. Sus titan.

8. Hippothetium antelopinum.

9. Gavialis sp. cf. gangeticus.

10. Emyda palaindica.

11. Colossoehelys atlas.

That is to say, all such forms as have been specifically determined, except those

of course which are indigenous to Burma. Out of the remaining 15 species,

two, vis.—

1. Hippopotamus irravadicus.

2. Vishnutherium irravadicum.

are indigenous to Burma, while the remaining 13 species have for the present

been only generally determined.

The proportion of species identified with Siwalik forms is therefore, if we dis

regard the two indigenous species, about 50 per cent, of the total or much larger

than Mr. Oldham supposed it to be.1 In fact, I have not the slightest doubt that the

proportion will be still greater once the fauna has been carefully studied, there being

certainly among the 13 species hitherto only generally determined some which

will be found identical with Siwalik forms.

On the other hand it cannot be denied that as regards the general character

of the fauna of the Irrawaddi division, it exhibits some features decidedly different

from the Siwalik fauna. The Ungulata, although being in the majority, are repre

sented by a much smaller number than in the Siwalik fauna, but the most striking

feature is the remarkable scarcity of Carnivora of which only two species have

so far been discovered in the Irrawaddi division, which contrasts strongly with the large

number of species in the Siwaliks. I am, however, not prepared to state that these

differences are absolute, my opinion is rather that once the Irrawaddi division is

more explored, and we know its fauna to a larger extent, the discrepancy between the

total number of species on one side, and the remarkable difference of the develop

ment of the Carnivora in both regions will disappear, or at least become smaller.

For the present we must content ourselves with having pointed out that

notwithstanding its smaller number of species the fauna of the Irrawaddi division

must be considered as correlative to that of the Upper Siwaliks.2

Luckily in Burma we are in a much better position for ascertaining the age of

the Irrawaddi division than were the Indian geologists, when fixing the age of the

Siwaliks ; as previously pointed out, the Irrawaddi division rests conformably on beds

of miocene age. The natural conclusion is therefore that the Irrawaddi division

represents the Pliocene of Europe, a supposition which is fully in accordance with

the views lately promulgated by Mr. Oldham in the second edition of the Manual

of the Geology of India, according to which "it is impossible to deny that the

balance of evidence is in favour of a Pliocene age." In fact we might rather say

that the evidence of -the fauna of the Irrawaddi division is a further strong proof of

the Pliocene age of the Siwaliks, for it would be impossible to. assume that the

Irrawaddi division was of Upper Miocene and not of Pliocene age. Such an assump

tion would simply mean a perversion of all facts and a negation of the natural

divisions of the Tertiary rocks in Burma.

1 Manual of the Geology ot India, and edition, page 341.

* Mr. Lydekker, when describing the fauna of the Siwaliks, never seems to have doubted

this, for the specimens collected in Burma are included among his list of the Siwalik species.
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Besides its fauna the Irrawaddi division is distinguished by an abundance of

fossilized "wood. In fact the fossilized wood has attracted the attention of travellers

in Burma more than anything else with the exception perhaps of the occurrence

of rubies. There is hardly a book dealing with Burma in which reference is not

made to the fossil wood, and the quaintest theories have been set forth to explain

its presence in such abundance. It is, however, strange to say that although quan

tities of it must have been brought to England since the end of the last century

no scientific examination of it has hitherto been made.

The fossil wood is distributed throughout the whole of the Irrawaddi division, but

I am unable to say whether there is any rule as regards its vertical distribution.

Frequently enormous logs may be seen imbedded in the strata. 1 noticed a speci

men of about 60 feet in length, east of Yenangyoung, broken into several pieces

by its mere weight, but still partly imbedded in the soft sandstone. Pieces of smaller

size are of course extremely common, and cart loads might be picked up in a few

hours.

There are two modes of petrification, the one in which the wood fibre has been

replaced by silica, the other in which it has been replaced by hydroxide of iron.

The former is the common one ; the latter has been only observed in a few cases

of drift-wood imbedded in the ferruginous conglomerates.

The question as to how this wood became fossilized has of course occupied the

attention of more than one observer, but it cannot be said that a satisfactory explan

ation has hitherto been given.

Mr. Theobald having observed that the fossil wood when found in situ never

exhibits any signs of being rolled or otherwise worn away, nor gives any other in

dications of transport, therefore assumes that the wood could not have been in a

petrified state prior to being embedded in its present position. He therefore supposes

that petrification took only place after the trees had found their present resting place,

an assumption which he explains by the following quaint theory. He supposes that

the trunks of trees floated about till water-logged in shallow lakes, in which, on sink-

ing, they became mineralised through the agency of springs holding silica in so

lution.

The logical outcome of this theory is, that wherever a single specimen of a

silicified log is found in situ, we are bound to suppose that just underneath that

very log, a spring rose, in order to petrify it, and, having done its work, disappeared

without leaving behind it any other traces of its activity. The absurdity of such a

theory is too evident, and no more need be said about it, but in discarding one

theory one ought to be able to replace it by a more satisfactory one. I must, how

ever, confess that in matters of this kind, which are chiefly of a chemical nature, I

am unable to give a satisfactory solution. I was therefore extremely glad to find

that Dr. Irving has propounded a theory regarding the origin of the silicified wood

in the Pliocene of the Libyan desert 1 which might be equally well applied to the

silicified wood of Burma. I cannot therefore do better than give Dr. Irving's

own words, which are as follows :—

" Remarking on the silicification of wood, he wished again to emphasize the

difference in the action of carbonic acid in petrological changes, according as it

1 Quart. Journ. of the Geol. Soc, 1894, volume L., page 547-



84 Records of the Geological Survey of India. [vol. xxvnr.

existed as a free acid or in combination with a base, as in sodium carbonate. The

extent of the " natron " deposits pointed to the supply of alkaline waters over large

areas in former times, holding the mineral in solution. The reaction of such

waters upon the potash felspar of the sands furnished, by the disintegration of the

crystalline rocks, would not lead to the deposition of free silica (as in the ordinary

process of kaolinization), because, while the potassium was taken up as a carbonate

and carried away, the silica was also removed in solution, through combinatien

with the sodium, to form sodium silicate. This last-named salt in solution would

be readily decomposed by the organic acids and the carbonic acid furnished by

decaying vegetable tissue, the silica being then deposited as a colloid in situ, and

thus retaining the structural forms of the original tissue."

I may at once state that there is ample proof that the strata of the Irrawaddi

division still contain the salts which were required for the above process.

This may here also be a fitting opportunity to correct an error, which though

insignificant enough has been the source of the erroneous idea regarding the origin

of the Irrawaddi division put forth in the 2nd edition of the Manual of the Geology

of India. Mr. Theobald's statement that the silicified wood is never bored by xylo-

phagous mollusca, has been used as a strong argument against the estuarine origin

of the *' Fossil wood group." The statement that the silicified wood is never bored

by xylophagous mollusca is absolutely erroneous, as I have repeatedly found large

pieces which have been riddled by the borings of these mollusca. Such pieces

are rather rare, but still they exist, and with their existence the whole argument

based on their absence falls through, which is another proof of the fallacy of nega

tive proofs.

To conclude the palaeontologieal features of the Irrawaddi division, I may

mention here the curious flint flakes which have been found by me in the ferruginous

conglomerate at the base of the group and which I described in a separate paper.

I may mention here that in the meantime several experienced colleagues have ex

pressed their opinion that these flakes are in reality of artificial origin. As this is

not a fitting place for the discussion of this question I simply record the fact with

out going into details.

d. Subdivision of the Irrawaddi division.

It is quite clear that the same reasons which render a subdivision of the

Pegu division, extremely difficult apply also to the Irrawaddi division, even perhaps in

a greater degree. It seems an almost hopeless task to subdivide this series of sand

stones, clays, etc., of which the lowest exactly resemble in appearance a bed at the

top of the series. But even after succeeding in working out a subdivision of a

special locality, it is extremely difficult, if not almost impossible, to correlate the

subdivisions of two somewhat distant localities, without having the connecting links.

Mr. Theobald's subdivision of the Fossil wood group in Lower Burma, as well

as my own for the country around Yenangyoung, cannot therefore have more than

local value. It may perhaps be probable that my subdivision, based on palaeontc-

logical evidence, will eventually prove to be applicable over a larger area, but for

the present there is no further support in aid of this supposition.

Mr. Theobald divides the Fossil wood group in descending order as follows:8—

1 Records of the Geolog. Survey of India, volume xx, page 101.

' Op. cit, page 62.
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a. Fossil wood sands.—Sand, in parts gravelly and conglomeratic, characterised

by the profusion of concretions of peroxide of iron, associated with it. Fossils :

Trunks of silicified exogenous wood, and, locally, mammalian bones. In the

subordinate beds of conglomerate, rolled fragments of wood as above, silicified

(that is, mineralized subsequent to their entombment), mammalian and reptilian

bones and teeth of cartilaginous fish (squalidse).

b. Fine silty clay.—Fine silty clay with a few small pebbles, mixed with sand,

in strings here and there ; the whole very fine and homogeneous and devoid of

fossils.

c. Mogoung sands,—A mixed assemblage of shales, sands and conglomerates,

the last very subordinate, partaking much of the charactersof beds a and b; a little

of the concretionary oxide of iron. Fossils : rolled wood silicified, mammalian

and reptilian bones and cartilaginous fish teeth. Towards the base, the beds contain

marine shells and pass into those of the next group.1

For the country around Yenangyoung I divide the Irrawaddi strata into the

following subdivisions in descending order :—

1. Yellow, soft and friable sandstones, alternating with beds of brown clay.

Fossil wood not very common, no fossil bones.

2. Zone of Mastodon latidens and Hippopotamus irravadicus. Lithological

characters as above ; fossil wood very common.

3. Zone of Hippotherium antelopinum and Acerotherium perimense.

Ferruginous conglomerate.

These three zones are of very unequal thickness, and although the boundary

between zones 3 and 2 is a very sharp and natural one in a palaeontological as

well as in a lithological sense, yet that between the two upper zones (2 and 1) is

more or less artificial, the division being simply based on the apparent absence of

fossil bones in the upper beds of the series following immediately above zone 3.

As a more detailed description of the development of the Tertiary system near

Yenangyoung will be given in the memoirs of the Geological Survey of Indiaj

Vol. XXVII, it is unnecessary here to dwell any longer on this subject.

d. Distribution.

The Irrawaddi division caps the older Tertiary beds nearly everywhere in

Upper Burma within the boundaries of the basin of the Irrawaddi. Of course it .

varies considerably in different parts of Upper Burma, but it can always be easily

recognised. In Lower Burma it seems to cover a much smaller area, being appa

rently much eroded, so that only isolated patches remain, while in Upper Burma it

forms a continuous cover, stretching from the foot of the Arrakan Yoma as far as the

foot of the Shan hills.

The following table shows the manner in which I have subdivided the

1 Via., Pego group.
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Burma Tertiaries, with the names given to each subdivision ; these are arranged

in such a way that at a glance it may be seen what principles have guided me:—

Character of

fauna.

Name of

Series.

Character of

Deposits.

Character of sedi

ments.
Name of division.

Terrestrial and

Flu via tile.

Burma

series.

Deltaic. Yellow sandstones, olive-

coloured clays, ferrugin

ous conglomerate ; no

gypsum.

Irrawaddi division.

ARRAKANSERIES.

Yellow sandstone, olive

coloured and bluish

clay j gypsum.

Yenangyoung

stage.

Pegudiviiion.

Marine .

Upper.
Littoral and

Estuarine.

Grey sandstone, bluish

clay.

Prome stage.

Lower.|
Littoral Limestone, grey sand

stone, bluish clay.

Nummulitic division.

Deep sea Shales Chin shales.

In concluding this sketch of the Burma Tertiaries, the following table will

convey my views as to the correlation of the Tertiary strata in Burma, India and

Europe. It would, of course, be useless to attempt anything beyond a general

comparison, and, I think, we must be satisfied if we recognize with some certainty

the large sub-divisions of the European Tertiaries in distant Burma.

The Tertiaries of India, of which those of Burma form only the eastern

continuation, exhibit, by their remarkable division into two large groups differing

widely in the character of their respective faunas, such peculiarities that any correla

tion with the Tertiary rocks of Europe, except one based on the broadest lines,

is almost impossible, a fact which has already been noted by Dr. Blanford. 

Europe. Burma.

H imalaya.

Western India. Noith-West

area.

Himalaya,

Simla area.

Pliocene.
Burma

Series.

lrawaddi

division.

Manchhar

group.

Upper

Siwaliks.

Upper and

middle

Siwaliks.

Pegudivision. Yenangyoung

stage.

Gaj group Lower Siwa

liks.

Nahan beds

Lower Siwa

liks.
Upper.

Miocene ARRAKANSERIES.

Prome stage. Nari group . Murree beds . Kasiuli group.

Eocene
Lower.

Nummulitic

division.

Kirthar group Upoer and

Lower Num

mulitic.

Dagshai and

Sublthu

group.

Chin shales . Ranikot group ?
»•
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Notes from the Geological Survey of India.

I. Retoah,—" Vindhyans."—Mr. Oldham and Mr. Datta have been at work in

the Rewah Stale, north and south of the Sone river j their surveys have already re

sulted in most interesting and, in some degree, rather startling facts, some of which

are briefly noticed in the Annual Report ; but since the latter has been set up in

type some new facts are reported by Mr. Oldham. He distinguishes the following

rock groups in ascending order :

(a) A transition series, into which granitic rocks intrude, locally altering them

into schists ; Mr. Bose had separated the latter from the transitions as a separate

system, but Mr. Oldham shows this to be unnecessary.

(i) The transitions are unconformably overlaid by a series of rocks, consisting

of a basal sandstone and conglomerate, indistinguishable from similar beds at the

base of the so-called lower Vindhyans, followed by a great but indeterminable

thickness of red, and occasionally green, slaty rock.

<c) This series is again unconformably overlaid by the so-called lower Vindhy

ans ; Mr. Oldham drops that name and returns to the older term of the Semri series

first used by Mr. Medlicott for the rocks of the same age in Bundelkhund. He has

obtained evidence that this series is distinct from the

(d) Kymore group or Vindhyans proper, which rest unconformably on the

Semri series.

Gondwanas.—tAr. Oldham re-examined a small coal-field, which Mr. Smith had

partly surveyed some years ago ; the Barakar age of the rocks has now been estab

lished, as they contain Vertebraria, Glossopteris, Schizoneura, etc. Mr. Oldham met

with two coal-seams, respectively of 6' and 5' 6* thickness ; the former is ii miles

south-west by west of Ujeini, the latter 2 miles north of Amilia, both places near

the eastern edge of sheet 476.

//. Madras.—Mr. Middlemiss was engaged during January in examining the

magnesiie area of Kanjamallai, regarding which he reports :

(a) The ultra-basic rocks of the north-west end of Kanjamallai and the derivative

magnesite (first discovered by Mr. Holland) were found to be much the same as

those of the Chalk Hills. Their extent is, however, insignificant. Olivine-bearing

ultra-basic rocks were found to run in a broken band nearly east to west from

near Ellampaddi to the point at which the ridge becomes steeper, towards the high

western end of Kanjamallai ridge. Pure olivine-rocks, such as compose much of

the fundamental rocks of the Chalk Hills, are wanting here. Chromite was found

at the eastern end of the band with the magnesite, running as a vein, 4—5 inches

wide, through the serpentinized olivine-bearing rock. 'J he amount of this mineral

exposed is small. Excavations alone could decide its worth. The magnesite is too

unimportant for economical purposes.

(i) South of Kanjamallai, a ridge near Ariyanur is composed of altered ultra-

basic olivine-rock very closely resembling the dunite of the Chalk Hills. The same

rock "massif" becomes talcose, with beds of rather impure potstone, which is-

locally excavated for making into vessels. A few unimportant magnesite veins

occur in this ridge. Incidentally sections were carried round and across the Kanja

mallai ridge, and the valuab'e magnetite bands were located and mapped on the

i-inch maps as close;y <.s possible. The conclusion arrived at was that only the

E
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lowest band need be considered from an economical standpoint, because it seems

to be the only one which contains the richer and compacter form of the ore.

(<r) Between Macdonald's Choultry and Konganapuram, several veins of coarse

graphic granite with mica were traced ; they seem to be connected with the Ida-

paddi veins and mica quarries. The great granitic area of granite veins (in a

biotite gneiss), of which the Sankaridrug hill forms one summit was mapped.

Mr. Middlemiss afterwards examined the rocks of Valaiyapatti and reports :

(a) Magnesite and ultra-basic rocks.—The magnesite occurs in very small

quantities. The rocks associated with it resemble entirely those at the north-west

end of Kanjamallai, as far as their appearance in the field permits an opinion. The

absence here as at the latter place of pure olivine rock or dunite is noteworthy.

Forming a long low ridge running east and west from Valaiyapatti there are inter

esting examples of the above type in close association with a very acidrock, namely,

a coarse graphic granite composed almost entirely of pink orthoclase and quartz.

Both rocks are intrusive among the basal gneisses of that area in parallel lines.

Some good instances of this are to be found west of Valaiyapatti. The graphic

granite was probably intruded last.

(i) Charnockite south of SaUrn.— Between Muttu Kalipatti and Salem on the

Namakal-Salem road occurs a great exposure of Charnockite. From its position,

strike and general appearance it is a continuation of the Shevaroy hills massif.

(f) Chalk hills.—As a whole, the aspect of each magnesite area in the Chalk

hills near Salem is that of a series of concentric ellipses (roughly speaking) of rocks

of varying composition and basicity.

At the centre of each area occurs the chromite in veins among the dunite and

serpentine. Surrounding this is a paler dunite zone (almost pure olivine, partly

or wholly converted into magnesite). Surrounding this again is a small ring of rocks

containing olivine and pyroxene with sometimes biotite. Surrounding this at certain

points come rocks like the last, but with felspar and quartz in small quantities.

Finally, surrounding the whole area, come great ridges of hprnblende-garnet rocks

set among and with the ordinary gneisses of the country.

III. Sind. (a) Salt.—Mr. LaTouche, while superintending the trial-boring for

oil at Sukkur, had occasion to examine a very interesting occurrence of rock-salt in

nummulitic limestone. The spot where this mineral is found is about half a mile

south-east of the village of Aror, which lies at about 4 miles east of Rohri on the left

bank of the Indus. Here the low ridge of nummulitic limestone, which extends from

Sukkur and Rohri for about 50 miles southward, is intersected by a broad valley,

through which the Indus is said to have flowed in former times. On the south side

of this valley, in the precipitous scarp overlooking the alluvial plain of the Indus, a

band of nummulitic limestone is found about 20 feet from the base of the scarp,

and portions of this band contain chloride of sodium in the form of nests and

strings, whilst the whole band possesses a slightly saline taste.

(i) Oil.—Near the village of Kundra, about 8 miles south of Rohri, the natives

of that part of Sind knew of a spot where a strong smell of earth-oil could be per

ceived, and where they used to drive their cattle during the hot weather, as flies are

said to avoid the place, which is in the midst of a sandy plain, the present alluvium

of the Indus. Latterly Mr. LaTouche had a well dug to ascertain the cause of the

exhalations ; at a depth of about 16 feet from the surface, the volume of gas issuing
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from the soil became so large that the men employed could no longer work in the

hole without danger of suffocation. Indeed, in two instances, they were so over

come for the time being that they had 10 be hauled up with ropes. It was there

fore necessary to continue sinking the well by means of an improvised dredger

worked from above, and after a good deal of labour water was reached at a depth

of 20 feet from the surface. On continuing the sinking for two feet or so below

the level of the water, films of oil began to appear on the water.and on dredging up

some of the sand from the bottom these films could be seen oozing from it upon the

water. The quantity is of course exceedingly small, but it is enough to show that

there is probably an escape of oil from the rocks below the alluvium, sufficiently

large to have impregnated the latter, which is possibly some hundreds of feet in

thickness at that spot. The indications are sufficiently promising to justify the

sinking of a boring here.

The gas which escapes from the well is apparently composed principally of

carbonic acid, for a light is immediately extinguished by it. But from its smell it

is probably mixed with some gaseous hydrocarbon. It is probably caused by the

oxidation of hydrocarbons during their slow passage through the alluvium.

There is no outcrop of solid rock anywhere in the neighbourhood of the well,

the nearest being the scarp of nummulitic limestone, which forms a low ridge run.

ning south from Rohri and about 6 miles east of- the well. The intervening ground

is covered by the alluvium of the Indus, and at the bottom of the well, fine dark

grey alluvial sand was found.

IV. Gondwanas in Argentina.— Di. Fritz Kurtz, Professor of Botany at the

University of Cordoba Rep. Argentina, writes to Dr. F. Noetling that in 1887 he

received some fossil plants from Bajo de Velis in the Sierra de San Luis, amongst

which he determined a Neuropieridium sp., he considered the species as new and

described it as A^. argentinum, Kurtz. However, after having received Vol. Ill of

Feistmantel's Gondwana flora, he recognized at once that his new species was

identical with N. validum, Feistm, from the Kaharbari beds.

Since that discovery he received some more fossil plants from Cachente, Us-

pallata (east slope of the Cordillera) and others from the abovenamed locality :

among the latter he recognized :

Gangamoptttia eyelopteroides, Feistm.

Neutopteridium validum, Feistm.

Noeg%erathiopsis hislopi, Feistm.

Equisttites sp. nov.

Sphenoeamitet sp. nov.

Walckia (?) sp.

To this discovery, which is of the utmost importance for the homotaxy of the

Gondwanas, I may add that it forms an additional evidence for the general simi- ■

larity of geological structure between the southern part of South America and South

Africa; we have in both continents marine devonian strata which have yielded

practically the same fauna.

C. L. GRIF.SBACH, Director,

Geological Survey of India.

Tht 1st May /Sgj.
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In the following pages I propose to describe the rocks collected by Dr. Noetling

at the jade mines near Tammaw in Upper Burma, and which are now in the col

lection of the Geological Survey of India. These specimens including the jadeite

and the serpentine (the most important) bear all the characteristics of true rocks.

Jadeite.—The jadeite forms a fine-grained mass, chiefly white, and bearing at

, . . first sight a certain resemblance to marble. The size of

the grains is not uniform ; they are at times so small as to

be indistinguishable by the naked eye, while at times they are somewhat larger, in

which case they are characterised by an elongated form and distinct cleavage. On

account of the smallness of the grains no single individual could be separated, and

further information could be obtained only by means of the microscope. I will,

however, first describe the general appearance of the jadeite.

The colour of all specimens under my observation is a clear snow-white on fresh

_ , , fracture ; this monotonous white is, however, relieved bv
General characters. ... , /

beautiful emerald-green spots, which represent the really

valuable part of the stone. They are of variable size, being sometimes as large as

a lentil or a pea, sometimes attaining a diameter or several centimetres. The

colour is in many cases very intense, but in others again quite pale, at times forming

a faint film-like covering over larger or smaller portions of the surface. As it ap

proaches the white mass of the rock, the colour changes abruptly, without, however,

there being any well-defined boundary between the two. The green colour is due to

the presence of a small quantity of chromium, for powder of an intensely green colour

gives an unquestionable Cr. reaction before the blowpipe : this, however, is lesg

distinct when paler powder is used, and is entirely absent in the white portions of

the rock. In the inner portions, when fresh, the lustre is vitreous, but towards the

surface becomes somewhat duller. The fracture is uneven and splintery, while the

hardness exceeds that of felspar, but is not so high as that of quartz. The tenacity

is not very high ; at some places splinters can be easily removed. This character

varies, however, in different specimens, and at times even in the same specimen.

This I believe to be due to disintegration, and also in part to cataclysmic structure

which, as we shall presently see, is a characteristic feature of the jadeite from

Tammaw.
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Special care was exercised in the determination of the specific gravity owing to

the fact that in samples of jadeite from Bhamo, which might
Specific gravity. \, '.. , '. °

perhaps be considered identical with specimens from

Tammaw, it was found to be very low. The average specific gravity of the Tam-

maw jadeite is about 3-3, while Issel gives that of two specimens of green

jadeite from Bhamo, as 3*10, which corresponds with the values obtained by Damour.

Mallet states that the s.g. of the Tammaw jadeite is 3-24. Six specimens of differ

ent degrees of coarseness served for my observations. In all of them the s.g. is

high, and averages about 3 3, being sometimes higher, sometimes lower. By means

of the hydrostatic balance and the pyknometer the following figures were obtained :—

3*338, 3*333, 3 330, 3-329, 3 327, 3-325. No connection could be traced between

the specific gravity and the texture of the rock. This variation of the s.g. is prob

ably due to small differences in the chemical composition. It is, however, difficult

to explain the wide divergence of the results obtained by Issel, Damour and others,

and only by the examination of the s.g., chemical composition and microscopic

characters of further material can we hope to solve this difficulty. All this,

however, should of course be done for one and the same piece.

Dr. Busz has made an analysis of one of the coarse-grained pieces (s.g.= 3-332),

using as fresh and pure a portion of the rock as could be
Chemical composition. obtajned Tne resuks of his analvsis ue given under J,

He specially notes the absence of chromium and oxides of iron.

I. II. ill. IV. V.

Si Oa . S846 5927 57<53 58-99 59-45

Al, Oa • 2575 2533 24-10 2477 24-32

Fe, Os  ... ■»«
•32 -36

CaO . . 63
■6a •62

-14 -22

Mg 0 ■34 •48 •48 Traces.

FeO * .  ■71
7« ...

Na,0 • 1393 1382 1382 l4-5« «4-42

Loss . roo ... ... 114 ns

1 oo'ii 10023 97'36 99-87 99 92

The figures obtained by my analysis (I) very nearly agree with those obtained

by Damour from a jadeite from Asia (II). If we adopt the views expressed by

E. Cohen (Neues Jahrb. for Min., etc., 1884, Vol. I, p. 47), the jadeite under ex

amination as well as that analysed by Damour would have the following composi

tion:—90-1 per cent, of Na2 O, Al2 03, 4 Si 02, 4-59 per cent, of Mg O, Al2 Os,

4 Si 02, 1-28 per cent, of Ca O, Si 02. On the other hand the silicate Fe 0,

Si 02, which has been found in most other jadeites, is entirely absent, while in

that from Asia 1-3 per cent. is present. Column III represents the average of land

II, while IV and V give the figures obtained by Oliver C. Farringdon1 from an

analysis of jadeite from Mogaung.

The microscopic examination shows that the ground-mass is composed of a

. confused aggregate of irregular prisms, varying in size;
Microscopic characters. ^ Jength ^ breadtn being in some cases the same

and nearly equal to 1 mm., but as a rule the prisms are elongated, their length con

siderably exceeding their breadth. In no case, however, did I observe a breadth

1 Proceedings of the U. S Nat. Museum, Washington, 1894, Vol. XVII, No. 981,

pp. 29—31-
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of less than o*i mm. The ground-mass of the jadeite is perfectly pure, and

without a trace of any accessory mineral. The prisms are perfectly colourless,

except at the boundary between two individuals or along small cracks, where

a slight discolouration may be seen, probably due to subsequent infiltration. The

green spots always retain their colour even in slices : it is, however, very pale,

even in cases in which it was originally intense. In very pale sections no

pleochroism is noticeable, but thicker slices are slightly dichroic, the colours

ranging from a bluish to a yellowish green. The prisms are at times colourless

in places. In the centre of the green spots they are coloured, but as they ap

proach the surrounding white ground mass, they begin to lose their colour, and

become partly green and partly white. Hence we see that the green patches in

the white ground cannot be due to an aggregation of green mineral grains at cer

tain spots, but we must imagine local inpregnations to have taken place by means

of a colouring matter containing chromium in solution. This permeates each spot

with such uniformity that it does not appear to have any well-defined form even

under the highest powers of the microscope. The green prisms are exactly similar

in every respect to the white ones, with the sole exception of their different colour.

No pitting of the surface can be noticed, the crystals appearing perfectly smooth :

hence their refractive index is not high. Very minute liquid enclosures are locally

numerous, occurring at some spots in aggregates of several individuals : more often,

however, they are entirely absent. The characteristic cleavage of augite is very fre

quently extremely well-marked. In cross-sections the two cleavages intersect almost

at right angles. The angle, however, depends of course on the direction in which

the section has been cut. In none of my observations could I discover any differ

ence in the two prismatic cleavages, which appear to be everywhere equally perfect.

Hence, the cleavage of jadeite certainly does not justify us in including it among

the triclinic minerals. In addition to prismatic, pinacoidal cleavage also occurs,

and still more frequently, a cleavage transverse to the prismatic zone similar to that

of diopside and other pyroxenes. The angle between the cleavage in this direction

and that parallel to the prism faces is about 90° I obtained values up to 96°, but

this angle depends of course on the direction in which the slice has been cut. These

cleavages frequently subdivide the prisms into single segments, having a strong

resemblance to cross-sections of the prisms. They differ, however, from the latter

in being less regular.

In polarised light, the prisms show very vivid interference colours. On sections

with oblique extinction, the angle of extinction is very high, rising to 400. Numerous

longitudinal sections, however, have straight extinction, one direction being parallel

to the cleavage and the other normal to it. In convergent polarised light the per

fectly transparent crystals give very fine and clear interference figures, while owing

to the thinness of the slide the narrow rings, as well as the vivid polarisation colours

in parallel light, indicate a strong double refraction. According to the direction in

which the section has been cut, these figures show the well-known differences in

shape. On longitudinal sections, however, with straight extinction, one or two axes

always undergo dispersion, with a wide axial angle, and the plane of the optic axis

is parallel to the cleavage and perpendicular to the direction in which the section

has been cut. If we include jadeite in the monoclinic system, then these sections

are parallel to the axis of symmetry and the axial plane becomes the plane of

symmetry. The above optical property is intimately connected with the crystal-

3 2
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line form, and corresponds to that of all other monoclinic pyroxenes, which, with

out exception, show inclined dispersion. This, however, cannot be observed in the

case of jadeite, owing to its wide axial angle. If, on the other hand, we place

jadeite in the triclinic system, these optical properties will be anomalous. It seems

therefore impossible to suppose that the mineral belongs to that system. It is true

that in cross-sections, the directions of extinction are frequently not symmetrical to

both cleavages. This symmetry, however, is found in the monoclinic system only

when the direction in which the slice has been cut is parallel to the axis of symme

try. Otherwise, the direction of extinction forms different angles with the two sys

tems of cleavage, and the difference of the angles depends on the more or less

symmetrical position of the cleavage prism with regard to the plane in which the

section has been cut. The optical symmetry is therefore no proof of the triclinic

character of the mineral ; and in our special case has absolutely no weight, inas

much as cross sections also occur showing optical symmeiry. The above refers

chiefly to the properties of a single individual of jadeite. These, however, are fre

quently intergrown, and at times occur as a number of long prisms, forming a

divergently radiating group with interpenetration, and producing a perfectly uni

form groundmass. The longitudinal axis of the prisms do not point in any one

direction more than in another, hence the groundmass consists of an aggregate of

completely directionless individuals. In none of the specimens, however, is the

original structure entirely unchanged. Frequently it is locally very distinct, but

equally frequently it is more or less disturbed, in which case the prisms are no

longer straight, but become more or less curved, and not infrequently distorted and

broken : the fragments are then pushed out of place and a differently oriented

substance squeezed in. The distorted prisms frequently exhibit at their ends a

sort of fringing, which like the distortion is the result of mechanical action. The

result of this action, however, is not merely bending and distortion, or fracture and

fringing at the ends, but it even extends to the total smashing of the entire

groundmass, which then no longer consists of elongated prisms, but becomes an

"aggregate-polarising" agglomerate of small grains, which are the remains of

the crushed prisms. Some of the prisms still remain in the fine-grained aggregate,

but they clearly exhibit bending, distortion or some form of deformation. Some

times it is possible to trace a transition from the fine grains to the complete prisms.

In fact, this is one of the finest instances of cataclysmic structure, which can only

be explained by means of violent compression of the already formed rock. The

structure is of course better developed in some specimens than in others ; but

wherever it is well-marked, two other phenomena may be observed in those jadeite

prisms which have been preserved : these are evidently due to the same causes

as the cataclysmic structure. One of these phenomena is an undulating extinction

which is apparently attributable to a slight deformation of the jadeite prisms.

The other is polysynthetic twinning, so similar to that of plagioclase, that at first

glance the twinned jadeite crystals might easily be mistaken for that mineral.

The jadeite twins, however, gradually pass into single prisms, and the general

properties of the twinned crystals are so exactly similar to those of the single

individuals that no doubt of their identity can be entertained. The twin lamellae are

not very broad : in fact, as a rule, they are narrow ; they are always numerous, more

particularly in the latter case. Twinned prisms are frequently bent throughout and
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fringed at the ends. It appears that the twins are most numerous in the portions that

have suffered the greatest crushing, and are absent where the effects of pressure'

are not well marked. We must conclude, therefore, that under favourable con

ditions crushing and pressure would produce in the jadeite a re-arrangement of the

molecules into twins, similar to that observed in calcite. This, however, must have

happened only in rare cases, for it had not hitherto been observed. The twinning,

plane, which in this case must be looked upon as a fault-plane, is distinctly seen to

be a transverse plane, corresponding to that otherwise observed as a twinning-plane

in pyroxene.

2. Serpentine.—The groundmass of the serpentine is dense, appearing complete-

Serpentine, ly homogeneous, with a very dark, somewhat brownish-green

General appearance, colour, which spreads evenly over the whole surface.

Fracture uneven and splintery. Hardness considerable, exceeding that of pure

serpentine : apatite is distinctly scratched in some instances. Under the microscope

... , . the cause of this anomaly is at once evident; for the
Microscopic characters. , . ' '

specimen is seen to be an altered ohvine-rock, the

alteration of which into serpentine is not quite comp'ete, but the process of serpen-

tinization is proceeding in the usual manner along cracks and fissures. In micros

copic sections, the olivine is perfectly colourless and transparent : in thick slices,

. however, it shows a greenish-yellow tinge. It forms an

Olivine. ' , , 6 . . . . • , • .
aggregate of rather coarse grains, which in several instances

have a diameter of more than 1 cm. They are always irregularly circular, no indi

cation of crystal faces being traceable. Between the larger grains, which through

out the slide extinguish simultaneously, occur aggregates of very minute, confused

and variously oriented grains, which appear to be derived from larger olivine grains.

This phenomenon seems to be analogous to the cataclysmic structure of the jadeite,

a view which is supported by the fact that the serpentine possesses other properties

which are undoubtedly due to mechanical pressure. The olivine individuals and also

the aggregates formed by the small grains are intersected in the usual manner by

Ser nt'n strings of serpentine of a greenish-yellow colour, which

usually show a distinct and very fine fibrous structure,

running in most cases parallel to the walls of the small fissures : in a few cases,

however, they are perpendicular to the walls. The rock is therefore a fibrous

serpentine, very similar to chrysotile, and closely resembles it in the vividness of its

polarisation colours. In microscopic slices these rise to the blue of the 2nd order,

but by a combination of several fibres lying one upon the other, fall at times to an

iron-grey of the 1st order. In all fibres, the direction of extinction is parallel to the

fibres, corresponding to the axis of least elasticity as in the case of chrysotile. The

strings intersect each other very irregularly as a rule, but occasionally cross in

straight lines at right angles to one another, in which case, when the olivine appears

dark in polarised light, a regular mosaic-like structure is produced. With the

exception of numerous small black grains, with metallic lustre, no other minerals but

olivine and serpentine can be seen. These black grains

Magnetite and other having a diameter of 1 mm., are magnetic, and hence are

accessory constituents. ° . ' . .

probably magnetite. B. b. they give no titanium reaction.

Some of the grains are not magnetic, and in the borax bead give a marked Cr.

reaction : they must therefore be chromite or picotite, most probably the former, as

they did not appear to be particularly hard. These grains are unquestionably the
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source of the Cr. which permeates portions of the jadeite, producing the green patches.

In the specimens under observation, however, no mineral can be identified as

chromite or picotite ; if, however, a larger number of specimens were examined,

I have no doubt that sections of both minerals would be found. Under the

microscope, the grains of magnetite exhibit very regular octahedral outlines ; they are

sometimes single, but not infrequently form parallel aggregates of small individuals,

which, however, are not true skeleton crystals. The whole of the magnetite is

always found among the serpentine fibres, and not a trace can be discovered in

the fresh unaltered olivine : it is therefore unquestionably a secondary product of

the alteration of the olivine into serpentine. A specimen of the serpentine rock,

_ .c which had been freed as much as possible from magnetite,
Specific gravity. r ° '

gave a s. g. of 2*838. If we take the s. g. of pure ser

pentine as being that of the pikrolite from Amelose, viz., 2-551, and further if we

take the s. g. of pure unaltered olivine as being that of chrysolite from the -East,

viz., 3*331, we deduce from the s. g. of the serpentine from Tammaw (2-838),

. the fact that it contains 43*19 per cent, by weight of olivine

omposition. an(j 56*81 per cent, of serpentine. The percentage by

volume being—

Olivine .... 3679 per cent.

Serpentine .... 63-21 ,, ,,

These figures are of course not absolutely correct, but give a very fair idea of the

composition of the groundmass, and certainly prove that not more than one half

of the original olivine has been altered into serpentine. The newer portions of

pure serpentine, usually observed in connection with this form of alteration, are

not absent in the present case. Strings of pikrolite, in particular, may be seen

Pikrolite running through the rock. These veins are of lighter

colour than the chief mass of the rock, and are, as a

rule, very narrow. Some, however, attain a thickness of nearly 2 cm. Some

specimens, the outer surface of which is composed of pikrolite, exhibit the

characteristic course, straight, striated appearance, producing the effect of a

slickenside; and one of these specimens gives unmistakable evidence of the

tremendous crushing and pressure which I have already mentioned. Numerous

fissures distorted and bent and sometimes very complicated pass right across the

striations, occasionally dying out and being replaced by new ones. They are partly

filled with finely fibrous serpentine, resembling chrysotile, the fibres of which are

usually normal but sometimes oblique to the walls of the fissure. Occasionally they

contain pikrolite, of varying microstructure, of which I shall speak presently. The

strise on the pikrolite are displaced by these fissures, producing step-like markings

on the striated surface. Sometimes, in consequence of this displacement, single

parts are forcibly bent, and the pikrolite more or less squeezed into the olivine and

serpentine. Evidence of the same crushing may also be seen in other specimens

of the serpentine. In one case the result is a number of thin lamellae, while the

whole mass is squeezed into an irregularly rounded lenticular form, the rock having

a soapy feel. On fresh fracture, the pikrolite has faint fatty lustre, but on the

natural surface this lustre is much more marked. The colour is light green, with

a distinct greyish or yellowish tinge. Only very rarely is the colour uniform,

darker patches usually occurring here and there. The surface of the specimens,

and at times even the walls of the inner fissures, are covered with a thin layer of »
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white substance of lustre varying from mother-of-pearl to fatty. Like the serpentine

fibres which intersect the olivine, the pikrolite contains much magnetite in the

form of irregular grains, some of which are as large as a pea or even a hazel-nut.

I have found no non-magnetic metallic grains, nor could I obtain any Cr. reaction.

To the naked eye the pikrolite is perfectly opaque.

In places, the newly formed mineral is coarsely fibrous, the fibres being bent

and curved, and the mass having the appearance of metaxite. True chrysotile,

recognisable by its peculiar silky appearance and metallic lustre, does not seem

to occur in large quantities. The specimens under observation show indications

of it, but not its typical development. Under the microscope, the pikrolite is light

yellow, a'most colourless, and not pleochroic. It can hardly be distinguished from

the surrounding Canada balsam, and must therefore have the same refractive index.

Brownish patches occur here and there in the colourless groundmass, these are due

to infiltration of hydroxide of iron. Their structure is always radial to fibrous, but

the fibres are not so fine as those of the pikrolite. Not infrequently, broader fibres

occur, forming divergent clusters. Like the single rays and fibres these clusters

cross one another confusedly at various angles. Larger grains of magnetite are

fairly common, always quite fresh and intimately associated with the rays and fibres,

at times completely surrounding them and producing the effect of fluidal structure.

The polarisation colours are blues of the second order, and, more often, iron-greys

of the first order.

The pikrolite which occurs 1 in strings and fissures, differs from that just

described. This variety is formed in the centre of small radiating fibrous clusters,

which in polarized light very distinctly show the black cross : the more nearly they

approach to the walls of the fissures, the smaller do these clusters become ; and

they decrease in size more and more, till at length they disappear, becoming so

small that even under the highest power of the microscope ( x 600) they cannot be

individualised. In this case, the whole seemingly structureless mass exhibits in

polarised light an iron-grey colour, in which may be seen here and there a black

cross, due to some larger clusters embedded in the minute ones.

I have already mentioned a white mineral which covers the surface of the

plates of pikrolite and fills up the fissures. To judge from its mother-of-pearl

lustre and soapy feel one would be inclined to identify it as talc. Under the

microscope, however, it is seen to be a confused mass of mineral fibres resembling

pik rolite ;but whether it is fibrous pikrolite or chrysotile can only be determined

by chemical analysis, for which the material at my disposal is not sufficient. It is

highly probable that, comparatively speaking, a large proportion of this mineral

composes the intermediate layer between the serpentine and the jadeite. Unfor

tunately, however, I have no specimens of that layer.

Certain other substances accompany the serpentine in small quantities. Grown

over the pikrolite are small blackish-brown grains, exactly resembling webskyite

as first described by R. Brauns. Jhis mineral was discovered in some serpentines

derived from palseopikrite from Hessen, Amelose and Reichenstein in Silesia. In

iniscroscopic slides, these grains become of a light brown colour and transparent,

being scarcely affected by polarised light, Unfortunately there is not sufficient

material for a more exhaustive examination, but such characteristics as I have

succeeded in observing, agree so well with webskyite that there can be no doubt as
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to their identity, and R. Brauns was therefore correct in assigning such a wide dis

tribution to that mineral. In addition to the above mineral, there occur small

rounded or string-like and very fine-grained portions of a mineral of yellowish

colour, not affected by hydrochloric acid. This may possibly be a hornslone quartz,

such as is frequently found in serpentine. Carbonates, which are not uncommon

in serpentines, are entirely absent, for no trace of effervescence could be observed

either with hot or cold HC1.

3. Albite-hornblende rock.—The only specimen under my observation is of

Albhe-homblende about the size of the fist, and apparently formed part of a

rock. large boulder exhibiting both rolled surfaces and fresh

General appearance. fracturC- Xhe rolled surface is brown owing tQ impregna.

tion by hydroxide of iron, the coloration extending for some distance within the

rock, but gradually fading and eventually disappearing. At the first glance, one

would be inclined to identify this rock as a saussuritic gabbro, owing to the

appearance of the fractured surface. The fine white sugary groundmass contains

grains of a brown mineral, which cleaves easily and has a metallic lustre on the

cleavage faces. Examination proved, however, that these two component parts

are neither saussurite nor diallage, and hence the rock is not a saussurite gabbro,

but represents a new type. The beautiful, snow-white groundmass is almost in

distinguishable from some saussurites, as, for example, from that of Hamberge

near Frankinstein in Silesia. It has the hardness of felspar, and fuses with great

Specific gravity. difficulty before the blowpipe. The s.g. of two fragments

were 2*599 anc* 2*576, which gave an average of 2-587.

Under the microscope, the groundmass is seen to be a homogeneous aggregate

Microscopic charac- of verv sma11 irregularly rounded grains, varying in size

ters. from *02mm to a fourth or fifth of that size. These grains are

Albite* almost perfectly pure; enclosures" being entirely absent,

with the exception, perhaps, of a few small liquid enclosures with moveable bubbles.

The grains are perfectly transparent and colourless, and between them occur

foreign particles, which, however, are never included in them. The white grains

show no cleavage faces, but are crossed in one direction by a series of fiije cracks,

indicating a perfect cleavage. In some cases numerous fine twin lamellae of

plagioclase occur : these, however, are not very common. The polarisation-

colours are very vivid, and the surface of the grains is perfectly smooth and with

out any pitted appearance. Some grains give the interference figures of biaxial

Chemical c o " crvsta's» w*tri a w-de ax'a' ang'e, which, however, cannot be
tion. ' comPos'- measured. According to the analysis of Mr. Busz, the

white groundmass is composed of—

I II

SiOa 64*60 68-62

Al,Oj 1992 1956

CaO I ,
MgO j traces. %

KaO r02

NbjO 14-01 11*82

99'55 ioo-oo

It is therefore unquestionable that this represents an aggregate of albite grains

most of which aie sinele individuals. This view is also borne out both by the
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chemical and physical properties of the mineral. The composition certainly

appears to differ somewhat from that of pure albite given under No. II, but we

must remember that the groundmass is not entirely composed of pure albite, but

also contains the foreign particles, of which we shall presently speak. The ground-

mass is slightly affected by HC1., and although albite has been stated to remain

unaffected by this acid, it is undoubtedly acted on to a certain extent.

The brown mineral resembling diallage, scattered through the white ground-

.' , mass, has been proved to be hornblende. It occurs in
Hornblende. . . ... . it , . , . i

single crystals of various sizes, the largest being nearly

4 cm. by 2 cm. This, however, is less than the original size of the crystal which was

on the surface of the specimen and has been considerably broken. As a rule, the

crystals are smaller, but are always as large as a pea. They are not numerous,

being scattered throughout the rock. Their outline is generally irregular, although

at times rough crystal faces can be made out. The colour is that of brown hair,

but sometimes grey, and the cleavage faces have a metallic lustre, resembling

diallage or bronzite. Each crystal is bounded by a green margin, while the surround

ing groundmass is also coloured green. In both cases, this coloration is due to

numerous microscopic enclosures to which I shall presently refer. In all these

hornblende crystals, one of the two very well marked cleavage faces is unusually

large, and thus gives the crystal its resemblance to diallage or bronzite. The

second cleavage is everywhere equally perfect, and these two meet at an angle of

124° 47', the characteristic angle of hornblende. This value was obtained by

measuring three se parate splinters, and in every case the results only differed by a

few minutes. On one of those splinters a broad plane was observed truncating

the obtuse prism edges; this plane corresponds to the orthopinacoid (100, oofco)

The hornblende showed no signs of fibrous structure.

Owing to the small amount of material at my disposal, I was unable to make an

analysis. The green margin, however, as well as those parts of the albite ground-

mass which surround the hornblende crystals, gave with borax an unmistakable

Cr. reaction ; but no Cr. could be detected either in the brown or greyish portions

of the hornblende or in the white albite. The micro-chemical examination of the

hornblende proved the presence of silica, magnesia, lime, iron, and a little alumina

but no alkalies. The average s.g. of the brown splinters was obtained in methy

lene iodide, and proved to be 3-io, being the average of two separate operations.

These figures, as well as the cleavage and the other properties of the mineral,

enable us to identify it with hornblende. In the Bunsen flame small splinters are

slightly discoloured but do not melt. They melt easily, however, before the blow

pipe, fusing to a grey non-magnetic glass. Iron must therefore be present in

small quantities. Extinction is straight, parallel to the very distinct cleavage-

fissures. Thicker slices exhibit very distinct pleochroism, which, however, entirely

disappears in thin sections. The vibrations parallel to the axis of symmetry, and

therefore perpendicular to the cleavage cracks, are light brownish-red, while those

parallel to the cleavage are light yellow, and those perpendicular to both are light

bottle-green. These colours differ but slightly in intensity, while the colour

changes from red to green or yellow according to the direction in which the

hornblende crystals have been cut. Occasionally, especially at the margin of the

crystal, the colour becomes a deep bottle-green or even emerald green : this is
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most probably due to infiltration of a foreign substance containing Cr. These

greenish patches gradually pass, without well-defined margins, into the differently

coloured parts. Cross sections having the characteristic hornblende cleavages inter

secting at 1240, extinguish diagonally, while the pleochroism varies from brownish-

red to green. On longitudinal sections, the angle of extinction is as much as 190.

In the boundary zone between the hornblende crystals and the albite, a large

number of needles of a green mineral occur. These are

Augite. most numerous along the boundary, and decrease in

number on each side of it, thus producing intensely green bands round the horn

blende crystals. In the albite aggregate, these needles lie in all directions between

the albite grains, but are never enclosed by them. In the hornblende, they not

infrequently lie parallel to the cleavage, but more often they are disposed quite at

random obliquely to the cleavage fissures. They are always straight, and their

length, as a rule, is three or four times their breadth in the broader needles, while

in the narrower ones the length is much greater. Their sides generally consist of

sharp straight lines; sometimes, however, both edges are slightly curved, thus pro

ducing spindle-shaped sections. If the ends are not pointed, they are, as a rule,

rough and irregularly indented, but never fringed nor bifurcating. The oblique

extinction is important, and rises to as much as 360. Not infrequently square

cross sections may be seen, at times extinguishing parallel to the edges.

Cleavage is probably present, but it is not well-defined. Transverse fractures

obliquely inclined to the longitudinal axis are common. The characteristics

above enumerated enable us to identify this mineral with augite. The colour of

the larger prisms is an intense bottle-green to emerald-green, and thus produces

the green zone already mentioned as occurring round the hornblende crystals.

The narrower needles are of lighter colour, while the narrowest are almost colour

less. As a rule, the pleochroism is faint, the colours varying between closely

related shades of green. The broadest needles, however, occasionally show a

pleochroism ranging through bottle-green and dark greyish-blue to colourless.

All are perfectly clear and transparent, and entirely free from inclusions. This

mineral is most probably a pyroxene, closely related to diopside or sahlite, which

derived its green colour from a small percentage of Cr., and is in fact a chrome

diopside. Unfortunately the scarcity of the material precludes a more searching

examination of this mineral.

I have already mentioned that a small number of brown crystals may be seen

Rhombic pyroxenes between the albite grains. These show numerous cleavage

and other accessory cracks, parallel to which straight extinction occurs. They

m,narals- consist of oblong plates of about Jmm. in length, the

cleavage running parallel to the longer axis. This is most probably a rhombic

pyroxene, not very rich in iron, very possibly bronzite.

Lastly, under a moderately high power, a very fine-grained aggregate may be

seen, scattered here and there among the grains of albite, and running in fine

strings into the hornblende crystals. This is always associated with a large number

of the green to colourless augite crystals already described, which are particularly

numerous in this aggregate. In thin sections, under a high power, these aggregates

are seen to be clusters of minute radial fibrous spherulites, which between crossed

nicols show, more or less distinctly, the characteristic black cross. The substance
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is colourless and gives very vivid polarisation colours, but cannot be more accu

rately determined.

From the above description, it is evident that the specimen under considera

tion is an albite-hornblende rock, in which the albite grains form a dense ground-

mass, containing porphyritic hornblende crystals. The remaining minerals have no

particular share in the composition of the rock, and are therefore merely accessory

constituents.

4. Hornbhnde-glaucophane schist.—This specimen has a dark brown surface, in

Hornblende-glauco- some P'aces rough and in others smooth, but apparently not

phane schist. much rolled. It is a schistose rock of an intense emerald

General appearance. tQ grass.green colour, and bears a strong resemblance to

smaragdite. A closer examination, however, at once reveals the fact that it

represents an aggregate of greyish hornblende individuals, largely permeated by

green enclosures, which impart to it its remarkable colour. The greyish portions

pass in places into a deep green, but in other places again the green colouring

matter is entirely absent. The hornblende individuals are most irregularly inter-

„ . , . mixed, and show no signs of definite arrangement. They
Hornblende. . ' , , 0 , , , ,°, , ,

attain a length of as much as 3, and breadth of as much

as 2 cm. They have no definite crystalline outlines, but their cleavage is perfect,

the angle between the two prismatic cleavages averaging This angle could

not, however, be accurately ascertained, owing to the frequent distortion of the

prisms, which at times even causes a fringing of the ends. The orthopinacoid was

observed on one of these prisms ; it gives rather indistinct cleavage, and sharply

and straightly truncates the obtuse prism edges. Thin splinters melt in the

Bunsen flame ; the thicker ones easily fuse before the blowpipe, forming a green

ish-grey non-magnetic glass. It is not acted on by HC1., either before or after

fusion. The s. g. of the whole mass—not that of the pure hornblende—was

obtained from two pieces of the rock, the values being 3113 and 3*i26. I endea

voured to obtain the s. g. of the hornblende after removing the green parts, but

it was not possible to separate the green colouring matter from the greyish horn

blende.

I could, therefore, only ascertain the chemical composition of the whole mass,

„. . , ... and not that of the pure hornblende. As we have seen.
Chemical composition. , , , , , . , , ,

however, that the whole rock consists chiefly of hornblende,

containing only emerald-green crystals, the following figures will represent the

chemical composition of the hornblende. Mr. R. Busz, who made analysis I,

obtained the following results :—

Si O,

Al2Os \

Cr2 03 j

Fe O

Ca O

MgO

Na, 0.\

KaO. j

Loss

1. II.

53 53 S876

910 12-99 (Ala 03).

4 02 S-84

■ 0 • • • • 694 2'10

• • • A • • iS'94 4-01

706 6-45 (Na, 0).

• •• f • * 3'95 3 S4 (H, 0).

100-44
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In the above analysis the very high percentage of alkali is remarkable : it

consists chiefly of Na., containing only a small percentage of K.; Cr2 03 and Al, 0,

were not separated. It seems, however, that no small quantity of Cr, Os must be

present, for vividly green splinters give an undoubted Cr. reaction in the blowpipe

flame. On the other hand, the grey hornblende hardly gives any tinge to the

borax. The iron has been calculated as Fe O. According to the above analysis,

the mineral proves to be an amphibole, containing a considerable amount of

soda, thus resembling glaucophane, which, however, is
aucop ane. distinguished by its dark blue colour from the mineral

under examination. There are, however, grey varieties of glaucophane. The

glaucophane most nearly allied to this mineral is that of Zermatt, the analysis

of which is given under II. In both, the percentage of alkali, magnesia and iron

very nearly agrees, as also the loss due to ignition. The difference in the percent

age of Al 3 O 3 is rather more marked, while the difference in the silica is the

most pronounced. There are, however, other glaucophanes, which, in this respect,

closely resemble the mineral from Burma, e.g., that from New Caledonia contains,

according to Liversidge, only 5279 per cent., while that from Sanjaron in Andalusia

contains, according to Barrois and Offret only 47-4 per cent, of Si 02. In the last

mentioned variety, also, a low percentage of alumina corresponding to our 8"42

has been observed. From the majority of glaucophanes our mineral differs chiefly

in the percentage of lime, for they do not as a rule contain more than 2 or 3 per

cent, of CaO. Some, however, are known to contain a larger percentage, e.g., that

of Shikoko in Japan, which has a percentage of 4-80, while the glaucophane

from Andalusia contains 12-90 per cent.

We are therefore undoubtedly entitled to consider this mineral as a glauco

phane, inasmuch as its s.g. exactly corresponds with that of most glaucophanes, of

which the s.g. ranges from 3-10310 3-113, the average being 3-12, corresponding

to the variety from New Caledonia. The low fusibility is another distinguish

ing feature. It is a remarkable fact that together with jadeite, which is a

pyroxene, there should occur an amphibole, which, owing to its large percentage

of Na. closely resembles it in composition. The strong pleochroism peculiar

to the dark blue glaucophane is of course less pronounced in the mineral

from Burma. In moderately thick slices, however, considerable differences

of colour may be seen on rotation of the polariser. The vibrations parallel

to a are bluish-green, those parallel to h greenish-brown and those parallel

to c yellowish brown, the absorption being b "7 a 7 C. In thinner slices

the same colours appear, being, however, much paler, the differences being

therefore less noticeable, while in very thin slices, they almost entirely disappear.

The large extinction angle of the Burmese variety contrasts strongly with

that of true glaucophane, in which it amounts to only a few degrees, while in

the mineral from Tammaw it rises to 280, a value much higher than that of other

rock-forming amphiboles. Under the microscope, cross-sections show the

characteristic prismatic cleavage of amphibole. In longitudinal sections the cleav

ages are very close together, thus producing an appearance of fibrous structure;

and, as in the case of the prisms, these fissures are considerably distorted, while the

ends are more or less fringed. There can be no doubt that these phenomena are

due to the pressure which all the rocks of Tammaw have undergone. In longitudinal

sections, also, may be seen an ill-defined transverse cleavage, running obliquely to the
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ordinary cleavage fissures. This most probably, as in other amphiboles, represents a

cleavage parallel to 9<x> (io7), which is a very characteristic feature of glaucophane ,

Thus we see that the Tammaw mineral differs from true glaucophane only in its

abnormal extinction angle.

As already mentioned, the hornblende contains numerous fine needles or

Augjte narrow prisms, which are always elongated in one direction.

These are composed of a beautiful emerald-green augite,

and produce the fine green colour of the rock, whenever ihey occur in any quantity.

This colour we have already stated to be due to a small percentage of Cr., the

very green grains giving a distinct Cr. reaction, while the grey crystals show no

such reaction. These enclosures are very similar to those noticed above as form

ing part of the albite-hornblende rock. The latter, however, do not exhibit such a

vivid emerald green, being rather of a bluish-green colour. As in the former case,

their lateral boundaries are regular, but l heir ends are not infrequently fringed or

pointed, in which case they assume the spindle-shape already described. The small

needles are sometimes arranged very irregularly, but, as a rule, they lie parallel to the

vertical axis of the amphibole prisms. The larger non-prismatic crystals form radiat

ing groups, the ends of which are slightly curved and which, owing to their green

colour, form a striking contrast to the colourless amphibole. Single crystals

become alternately bright and dark in polarised light. The clusters, however,

never extinguish entirely, for differently oriented crystals overlap each other.

Cross sections show the typical form of augite, but prismatic cleavage is not

well marked, the cleavage fissures being somewhat irregular. Transverse fissures,

probably representing a transverse cleavage, as in diopside and other pyroxenes,

are sometimes seen.

The angle of extinction is fairly high, but it is difficult to obtain measurements

of it. Since the larger prisms never extinguish completely, while the smaller crystals

are bounded by curves, straight cleavage-fissures being almost entirely absent.

In some cases, however, I obtained values up to 50°. The pleochroism is very

marked. Cross sections of moderate thickness, however, exhibit only slight

differences of colour, the bluish-green remaining almost unchanged during a com

plete rotation of the polariser. On longitudinal sections, the differences are much

more marked, the vibrations in the direction of the axis of elasticity being greenish-

yellow, with at times a shade of uranium glass, while those normal to this axis are

bluish green as in the cross-sections. Hence during rotation the colour varies

between the above tints. Even in very thin slices, this is still visible ; the very

thinnest needles, however, having no distinct colour, have no pleochroism. The

green material occurs in a different manner to that enclosed in the hornblende. The

hornblende is frequently intersected by green strings, entirely composed of crystals

of augite, as in the previous case. These are, however, of much smaller dimen

sions, and are, in fact, almost microlites. In rare cases circular clusters of such

augite microlites have been observed filling up the fissures and other small cavities

in the hornblende, while the larger augites, already described, were unquestionably

developed at much the same time as the amphibole, in which they are enclosed;

and there is no indication whatever that they were produced by subsequent altera

tion of the amphibole. It is a remarkable fact that all the Cr. has been taken up

by the augite, while none is found in the amphibole.
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From the above description of the rocks occurring in the jadeite mines at

Tammaw, viz., the jadeite, the olivine-serpentine, the
eo ogica age. albite-hornblende rock, and the amphibole-glaucophane-

schist, we are enabled to form a clear conception of their nature. Noetling believes

that the jadeite and the serpentine penetrate the surrounding tertiary sandstone,

while with regard to the relations between the occurrence of the two other rocks and

the jadeite, nothing is known. Noetling's view necessitates the assumption of an

eruption of jadeite and another of olivine rock, following one another ; but the

petrological composition of these rocks is not favourable to such a view, which

would include them among the tertiary eruptive rocks. Judging by the petrological

characters, we must consider them as representing a system of crystalline schists.

Now there is no doubt that in former geological times olivine rocks were pro

duced by volcanic eruptions. Nowhere, however, have rocks of this nature been

found in beds of such modern date, being according to Noetling not older than

of miocene age. Wherever tertiary masses of olivine are known to occur, as for

example the enclosures in basalt, they are perfectly fresh, and show no sign3 of

serpentinisation. I wish particularly to emphasize this fact, since the basalt which

I shall presently describe, and which occurs in close proximity to the jadeite

mines, has no geological connection with the jadeite, but is unquestionably an

eruptive rock passing through tertiary strata. In this basalt the serpentinisation of

the olivine has just begun, but has not progressed beyond the first stages, while

such a complete alteration as that exhibited in the above specimens is characteris

tic of all ancient olivine rocks—such as patoeopikrite—and, as I have already

observed, of the crystalline schists.

To consider the jadeite as an eruptive rock would be entirely unjustifiable: for

neither in the older nor yet in the more recent series of eruptive rocks has any rock

of the nature of jadeite been found. In Turkistan, however, it has been proved to

be imbedded with nephrite in the crystalline schists (gneiss and mica schist), and

belongs to that series.

The two other rocks also offer material proof in favour of this view, for it is

highly probable that the glaucophane-schist is one of the crystalline schists.

Hitherto, glaucophane has been found only in gneissic rocks and mica schists, no

instance having been recorded of its occurrence in eruptive rocks, much less of its

entirely composing such rocks. The same holds good for the albite of the albite-

hornblende rock. This mineral frequently occurs as a component part of the crys

talline schists, but hardly of eruptive rocks. The peculiar aggregation of the albite

grains is in perfect harmony with this view, for such a structure would be by no

means remarkable in a crystalline schist. I am therefore of opinion that the jadeite

and the other rocks must be looked upon as part of the series of crystalline schists,

overlaid by tertiary beds and probably denuded by erosion. It is most probable

that they were raised to their present level together with the surrounding tertiary

rocks, when these latter were subjected to folding. I have repeatedly laid stress on

the fact that these rocks must have been subjected to great pressure, which can only

be accounted for by folding. I do not assert for a moment that the above argu

ments are absolutely convincing, but they certainly support the view which best

accords with the petrological evidence, while the stratigraphical conditions observed

by Noetling in the mines at Tammaw fully bear out this view. Further observa

tions, however, with regard to the geological conditions of that country, will cer
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tainly decide the question. On the geological map of Burma, west of the Irrawaddi,

even west of Mogaung, towards Tammaw, sub-metamorphic rocks are indicated .

while crystalline limestones, probably of Silurian age, extend to within about two

miles of the eastern side of the jadeite mines.

In conclusion, I wish to mention a rock which , although not belonging to the

series described from the iadeite mines, has been found on
Bus flit

a hill four miles east of Sanka village. It is an excellent

felspar-basalt, with blackish-grey fracture, and brown weathered surface. Under

the microscope, the felspar—plagioclase—forms a crowd of minute lamellae, in

which only very few individuals are twinned, while a very small number of the

crystals are somewhat larger. The felspar crystals form the groundmass in which

all the larger constituents of. the rock are porphyritically imbedded.

The augite is of a very light yellowish-green colour, without noticeable pleo-

chroism, but with oblique extinction as is usual in basaltic augites. The crystals,

which are regularly bounded by straight lines, are usually of considerable

size. There are, however, smaller crystals which in their dimensions very

nearly approach the lamellar felspars. These small augite crystals form part of

the groundmass together with the felspars, but they are not nearly so numerous as

the latter. They are much more sharply and regularly bounded than the larger

crystals, and probably represent a later generation of augite. As a rule, they are

single, but twins are occasionally seen parallel to the orthopinacoid, and not in

frequently polysynthetic. Cruciform twins appear to occur, but I cannot state with

absolute certainty that any regular intergrowth takes place. The augite, like the

felspar, is perfectly fresh, and both are fairly free from foreign enclosures of all

sorts. Magnetite, however, generally very regular [in shape, is not infrequently

included in the augite. Olivine usually forms the largest crystals ; it is either per

fectly fresh or intersected by a few cracks along which serpentinisation has

just set in, only small progress, however, having been made in this direc

tion. It also contains inclusions of magnetite grains. A few dark brown transpa

rent grains of picotite occur, while liquid enclosures containing moveable bubbles

are frequently seen, arranged in the well-known zones. Magnetite is fairly common,

and usually forms well-defined crystals of considerable size. These crystals some

times occur singly, and sometimes in larger and regularly-arranged groups. They

are partly imbedded in the groundmass between the felspar and augite microlites,

and partly occur as enclosures in the larger augites and olivines. As already stated,

I consider some of the darker brown and transparent enclosures in the olivine to be

picotite. A number of long, colourless needles with straight extinction, and sometimes

grouped in clusters, are crystals of apatite. No other minerals have been observed,

while glass, in particular, is entirely absent, not a trace of it having been discovered.

The basalt is therefore hole-crystalline and falls under class II of Zirkel's classi

fication, the members of which group are distinguished by a fine-grained, micros

copic groundmass, which is crystalline throughout or only contains a small quantity

of magma in which larger crystals—in this case augite and olivine—occur. Or if

we adopt Rosenbusch's classification, we must describe it as a holo-crystalline por-

phyritic basalt, in which, notwithstanding the enormous number of plagioclase

lamella; forming the groundmass, no larger plagioclase crystals appear, as is more

usually the case. Warm HC1 affects the rock but slightly, while cubes of NaCl

are not formed after evaporation.
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On the Geology of the T6chi Valley, by F. H. Smith, A.R.C.S, Assistant

Superintendent, Geological Survey of India (with pi, 3).

Towards the end of February 1895 ^ received orders to join the delimitation

party at work in the Tdchi valley. A geologist was specially required to ascertain,

if possible, whether the reported occurrence of copper and iron in the hills south

of the T6chi river, and between it and the Khaisor, was of economic importance.

Unfortunately, when I received my orders, I was engaged in field-work

amongst the southern spurs of the Sulaimin range in Baluchistan, and by the time

I caught up the Tdchi column that part of the delimitation work situated in the

Tdchi hills had been completed, and I never had an opportunity afterwards of

seeing more than the northern or Tdchi flanks of the hills.

I may say at once that, as far as I could observe, the hills between the Tdchi

and Khaisor rivers contained no minerals of any economic

Copper and iron. importance. I have not met with any trace of copper, or

mineral containing copper during my march along the Tdchi and one or two

tributary streams.

The Waziris are said to work and smelt iron ore to a considerable extent in the

hills to the south of the Tdchi ; and the number of native-made knives seen all

over Wazirist£n shows that there must be a considerable iron industry. The

majority of the knives are made of very soft iron, and their value, when sold to

Europeans, seemed to be from 2 or 3 rupees each ; smaller knives of mottled

native steel are fairly common, the price of which seems to run up to anything

under 25 or 30 rupees, according to the appearance of the intending purchaser.

The only place where I found any traces of iron ore was Mir£n Shdh. There

I found several concretions of very pure soft haematite, in middle or lower eocene

sandstone beds. These beds have roughly a north and south strike in this

neighbourhood ; to the north the series forms the Laram hills, while to the south

the hill-country between the Tdchi and the Khaisor, or Khasora, is mainly com

posed of these same rocks. It is very probable that the iron ore supply is derived

from this pure concretionary haematite, which could easily be found in sufficient

quantities for the manufacture of knives and other small implements, but which

would probably run out at once if worked to any great extent. Even if pure

haematite were found in greater abundance, as is constantly the case in other

parts of India, the total absence of fuel would render it useless in this valley.

Although my march up the Tdchi was not very successful from an economic

point of view, it was none the less interesting geologically, especially as I traversed

new country.

Marching from Bannu up the Tdchi valley, one enters the outer range of tertiary

hills near Tdchi village, at a height of about 1,000 feet above

sea-level. From here to Dotoi, the farthest point I reached,

is about 60 miles in a straight line, and rather more along the river bed which

runs almost due east and west. At Dotoi the height is about 5,000 feet, and the

higher peaks around run up to 10,000 feet. To the west of the outer hills

mentioned above, which run roughly north and south, the river bed_traverses two
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wide plains, (he Idar Khel and Idak valleys. Both plains ate bounded north and

South by hills, Which Close in to the west of Idak, above which the river-bed lies

between irregular hills, forming a more or less narrow valley.

I was able also to march up a tributary of the Tdchi, the Kazha nala, which

rises on the Luara plateau under Charkhiaghar to the north of Dotoi, and runs

nearly parallel to the T6chi till it joins it near Pakki K6t.

As the newer rocks present none of the difficulties which are met with in the

Geology older rocks which I saw, I will describe the section in de

scending order. Roughly speaking, the younger rocks are

found in the eastern outer ranges, which rise from the Bannu plain, and older rocks

appear in the interior to the westward.

The rocks in this outer range—the Shinkai hills—showed a most striking simi

larity in composition and arrangement to those of the Fort Munro range, south

west of Dera Ghazi Khdn. This latter range, rising from the Indus plain, presents a

perfectly normal section of rocks which dip steeply eastwards under the Indus plain;

from upper siwalik conglomerate in the outer ranges, through lower siwalik, upper,

middle, and lower eocene rocks, with beds of probably cretaceous age at the base.

Having just traversed the Fort Munro range, the similarity between it and the

Shinkai range rising from the Bannu plain, some 200 miles to the north, appeared

all the more striking to me. Evidently the same, or nearly the same, series of

tertiary rocks have been disturbed and folded in the same manner, and for a dis

tance of hundreds of miles along the frontier hills west of the Indus plain. Taking

the normal section of the Shinkai range from west to east, nearly the same series

of beds is met with.

The outermost range commences two or three miles to the west of Tdchi village,

where the massive conglomerates and grits of the upper

Siwaliks. siwaliks dip gently to the east under the Bannu plain.

The dip becomes steeper further west, and in the highest ridge of these hills the

rocks dip very steeply, still eastwards, till along the bank of the Tdchi river it

becomes vertical ; this dip is maintained westwards throughout the lower siwaliks

and upper nummulitics at least. The thickness of these conglomerates must be

great, and is probably several thousand feet, but the lower siwalik beds ara

of even much greater thickness. In the Saidgi valley the rocks change fmn

conglomerate (east) into an immense thickness of sandstones and shales (west).

The conglomerate passes gradually and perfectly conformably into finer sandy

strata, which at once become interbedded with beds of shale. The lower siwalik

beds consist entirely of grey sandstones and red shales ; the latter predominate in

the upper beds, but give way lower down to soft sandstone beds, which contain

no shale bands at the base. The dip is vertical throughout the whole section of

these beds across the Saidgi valley and up to the highest ridge of the hills westward.

The strata appear not to be crushed to any extent, but are exposed as a per.

fectly normal section, with an outcrop of fully 2 miles in breadth, which gives the

lower siwalik beds the immense thickness of 10,000 feefc I could find no trace of

fossils in either the shales or sandstones.

Along the ridge of the hills west of Saidgi there runs abed of white hard lime

stone, under 200 feet in thickness. The dip is vertical, and

Upper nummulitic. at shinkai in the river bed the exact thickness is 170 feet.
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The limestone is full of fossils, the harder bands being almost made up of

muliles and alveolina, while some softer muddy bands are full of gastropods and

bivalves, with which I found part of a well preserved crab.

The junction of this white limestone with the overlying grey siwalik sandstone

is clearly seen in the river bed. In position they are perfectly conformable ; the

white limestone is very nodular, so that the upper surface is not quite smooth.

The sandstone fills up the irregularities, and the bedding of both is perfectly

parallel : the sandstone contains many limestone pebbles for about 2 feet from the

junction, but the parallelism appears perfect. The junction of this upper nummu-

litic limestone with the lower beds is not so well seen, but the white limestone

appears to rest conformably on the soft shale beds below. To the north of

Sheranni, upper nummulitic rocks occupy a considerable area, forming a flat

basin north of the Tdchi. The rocks consist of white limestones and interbedded

light green shales ; the limestone is identical with that at Shinkai. The thickness

of the whole exceeds that of the rocks at Shinkai, but the base beds rest on

rocks so much disturbed by igneous intrusions that I could make no very definite

observations on the lower beds.

Below the white limestone comes a thickness of 400 to 500 feet of olive green

shales, very like the ' ghazij ' shales of the Quetta area,

Lower nummulitic. which are o{ mjddie nummulitic age ; at the base of these

I observed some red shale bands, below which come 200 to 300 feet of shales,

interbedded with shaly limestone and limestone breccia. The breccia contains

many fossil organisms, but I have not found any nummulites amongst them ; a fossil

fruit was found in the associated shales, but nothing could be seen in the shaly

limestone.

These shaly beds down to this point may probably represent the middle num-

mulitics, but they pass so imperceptibly into lower rocks that no distinct division

can be made. Below the limestone breccia band the shales become interbedded

with sandstones and calcareous sandstones, and dip again steeply to the east.

This series of rocks continues from Shinkai to the Idar KheM plain on the west,

the dip lessening towards the east on nearing the plain.

The main mass of the rocks consists of soft shales, greenish brown to red in

colour, with frequent partings of softish sandstone, buff to brown inside, but always

weathering a shiny black on the surface. Some beds appear to have been altered

into red coloured porcellanic, shaly limestone bands. Near Idar Kh6I the sandstone

bands, nearly white in colour, increase in size and contain pure limestone bands,

layers of sandstone and limestone alternating several times in the course of 2 or 3 feet.

In some places this series is considerably contorted, but on the whole there fs

a steady easterly dip throughout. There must be several thousand feet of these

rocks visible in the section along the river bed. I may mention here that the

black weathering of the sandstones and calcareous sandstones is very typical " of

middle and lower eocene rocks in eastern Baluchistan. In the calcareous sand

stones there are traces of organisms, apparently foraminifera, but I found no

fossils in any of the other sandstone or shale bands.

The Idar Khdl plain is cut out of a flat anticlinal of these lower eocene rocks ;

in the hills east of Idak they clip again gently westwards, but here the predomi

nance of sandstone bands is changed to one of calcareous and limestone bands,

which are remarkable for the quantity of corals in t'lem. These beds, hard grey
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limestones and shales with some sandstone bands, form the hills south of the Tdchi

as far west as Mahomed Khel, and to the north of the Tdchi from Mahomed Khel

across to the Laram hills, and from thence down to the hills surrounding the Idak

plain.

The range of hills between Idak and Miran Shah is formed by an anticlinal

Mesozoic. ridge wnich approximately strikes north and south, and

which is composed of these lower eocene beds. In the core

Of the anticlinal a considerable thickness of massive dark grey limestone is

exposed, in which I could find no fossil remains ; the age of this limestone is there

fore doubtful, and there is no evi dence of any kind to show whether it belongs to the

lowest tertiary or upper mesozoic age.

The middle and lower eocene beds between Shinkai and Mahomed Khel are

botoi beds conspicuous by the general absence of undoubted nummu-

lites : corals and the broken shells of bivalves are abundant,

butforaminifera only occur rarely and then the traces are badly preserved. Round

Dotoi, however, beds of apparently lower eocene age appear, yellow limestones with

interbedded blue slaty shales, of which the limestone bands are full of fine num-

mulites of all sizes. These bed6 have no resemblance to the very white limestones

and light green shales of the upper nummulitics, and very little more resemblance

to the non-nummulitic rocks round Idak ; in fact they show no resemblance to any

of the rocks seen in the Shinkai hill section. This may be explained by the

amount of igneous alteration which has taken place in the neighbourhood, and

which has effaced all evidence of connection between the Dotoi rocks, the upper

nummulitics north of Sheranni, and the lower nummulitics east of Mahomed Khel.

One is much struck on marching up the Tdchi river bed by the great quantity

, ... of pebbles and boulders of igneous rocks met with en routd
Igneous intrusion. r . . , ,,, ^, ,. .,, r

The majority of the pebbles, even at Tdchi village, are ot

diorites, gabbros, and basic rocks. No indication of their being anywhere in situ

is met with till one arrives within about 3 miles of Mahomed Khel. Here the

lower eocene limestones and shales are seen to rest abruptly, but conformably on a

series of beds, and are doubtless part of the latter, which are altered by igneous

action, but with evidence of having been interbedded with igneous rocks, which in

many cases form massive intrusions in the former. This facies of beds covers

the country between Mahomed Khel and Dotoi, though it is overlaid by upper num-

mulitic beds north of Sheranni.

The igneous intrusions are invariably of the more basic rocks. I never found

a trace of any acid rock, but diorites are very common, and they, as well as more

basic forms, appear to pass gradually into the rocks which they penetrate partially..

As generally happens, the beds are altered to such an extent near the junction, that

no definite line can be drawn between the true shales on one hand and the' true

crystalline rock on the other. Throughout the whole area of igneous disturbance

I nevet fdund anything but shaly beds associated with the igneous rocks.

In some cases the shales have undergone very slight alteration only, but un-

t " . fortunately I have not found any traces of fossils in beds
Age of igneous series. , . , , . , , , ,

connected with the igneous rocks, so the only clue to the

age of these beds rests on their relative position to ' other beds. On the west the

igneous series is overlaid by the lower nummulitic Dotoi beds, with the bedding more

c a
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or less parallel. On the east the Idak series of lower eocene rocks rests conformably

on altered shale beds with igneous intrusions. Upper, and perhaps middle, num-

mulitic beds directly overlay the igneous rocks between these two junctions ; the

disturbance in the basal beds makes it impossible to see from a distance what connec

tion there is between the upper nummulitics and the igneous series. It is singular

that nothing but shaly beds should be found within the area of igneous disturbance.

The natural conclusion to be drawn seems to be the supposition that igneous

action, in the form of intrusions and deposition of ash beds, began some time

before the beginning of the tertiary period ; and lasted, with occasional variations-

causing interbedding, up to the end of middle eocene times.

The intrusive masses vary a good deal in composition. I found various forms

SerieJ of diorite, but ihe greatest variety seemed to be in the

gabbros, which pass gradually into hypersthene (and

diallage) rocks. Some pebbles, of what appeared to be amygdaloidal basalt,

occurred in the river bed, but I never found this rock in situ. From the diversity

of these rocks, ranging from intermediate to basic, and probably ultrabasic forms,

coupled with their interbedding with shales and possibly other rocks of eocene age,

it seems very probable that this series may correspond to the widespread formation

of shales and igneous rocks which form large areas in Baluchistan \ the Kojak shales

are typical for this lithological formation, which also ranges from the later cretaceous

to middle eocene times.

In the absence of an accurate map, the accompanying sections (pi. 3), which

. .. . .. are drawn approximately from east to west across the
Description of sections. vr 1.

general strike of the beds, may give some idea of the

arrangement of the rocks. The three sections, which are drawn to natural scale of

1 inch = 1 mile, follow the Tdchi river, mostly through the hills directly to the north

of it. They do not conform quite to a straight line from east to west, but yet so

closely, that they may be taken to represent a continuous section from the Dotoi

country to the Bannu plain.

Section I.—To the west the Dotoi beds, considerably disturbed and contorted,

form the greater part of the country, and rest near Dotoi village on the igneous

series. The junction beds show a good deal of disturbance, as is natural in the

immediate neighbourhood of igneous intrusions, and it is doubtful what connection

there is between the buds. To the east there appears a flat basin of upper num-

mulitic beds, quite unaltered, composed of white nummulitic limestone, interbedded

with light green shale beds. The base beds of this series is seen here and there

to be drawn into the sphere of igneous action, showing that the disturbance lasted

up to middle eocene times at least.

Section 11.—The Idak series of lower nummulitic beds rests on the igneous

facies, just north of Mahomed Khil. Igneous disturbance seems to have ceased

half way through lower eocene times, leaving the upper half to the east unaltered.

The Only break in these beds to the east, as far as Idak, occurs in the anticlinal

ridge of older limestone between that place and Miran Shah.

Section 111.—The Idak beds form a flat broad anticlinal, which is mostly

hidden under the Shamalam plain, between Idak and Shinkai, where they are seen

to dip conformably under the upper nummulitic band of limestone, and this is

followed normally by the lower and upper siwalik beds, which disappear finally

under the Bannu plain.
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On the existence of Lover Gondwanas in Argentina, by Dr F.

Kurtz1; translated by JOHN Gillespie.

I. Introduction.

As long ago as 1875, Dr. Luis Brackebusch had described a fossiliferous forma

tion which occurs at Bajo de Velis, and on which he has written several papers.

He says* : " Having received from Mr. D. G. Av6 Lalleraant some interesting

data on the existence of fossiliferous shales in the Cautana valley, I proceeded to

that locality, and was not a little surprised to find some fossiliferous beds at Bajo

de Velis (about a league from the entrance to the Cautana valley). This exceed

ingly interesting find detained me a couple of days, and I ascertained that these

beds, which consist of conglomerates and argillaceous shales, had only a small

vertical and horizontal extent and were unconnected with the high cliffs of the

Cautana valley ; they form old lake deposits in which a large quantity of plant

remains have been inclosed . . . there are no animal remains found in this

place. " The fossils which Dr. Brackebusch sent to Dr. A. Stelzner are too badly

preserved for determination, and consist solely of casts of wood.

Later on, a resident of the place, Sr. Lucio Fdnes, quarried slate for a church

at Bajo de Velis, and Sr. Bonaparte, who superintended the work was the first who

discovered well-preserved fossil plants, amongst them Neuropleridium validum,

Feistm., and Sphenozamites multinervis non-spec. SeBor Bonaparte presented the

collection to Sr. D. Gualterio G. Davis, Director of the Meteorological office of

Argentina, who handed them over to me for description. In 1883 Senor D.

Francisco P. Moreno, Director of the Museo de ia Plata, added to this collection

from Bajo de Velis, which has enabled me to establish the age of the fossiliferous

shales of that locality.

In describing these plants, I have followed the system adopted by W. Ph.

Schimper and A. Schenk (in the and part of the Handbuch der Palaeontologie by

K. A. von Zittel).

II. Descriptive part.

Dr. Kurtz describes 8 species, amongst which there are 3 new species or

rather varieties of well-known Gondwana fossils.

III. Summary.

The fossil flora of the argillaceous shales of Bajo de Velis, as far as known at

present, consists of the following species :—

Neuropleridium validum, Feistm.

Gangamopteris cyclopUroides, Feistm.

Equnetites Alorrnianus, Kurtz.

Sphenotami/es mullinervts, Kurtz.

Nocggeralhiopsis, Hislopi (Bunb.) Feistm.

N. Hislopi, Feistm. var. subrhomboidalis, Feistm.

N. Hislopi, Feist, var. euryphylloides, Kurtz.

■ Published in the Revista del Museo de la Plata, Vol. VI, p. 117 ff.

* Boletin de la Academia Nacioi.al de Ciencias (C6rdoba), VoU II, 1875, p. 188; quoted

by Dr. A. Stelzner in Beitrage zur Geologie und Palaeontologie der ArgentinUchen Repub

lic part I, 1885, pp. 75.76
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All these species are new to Argentina, and partly also to science in general,

The small number of specimens collected does not enable us to form an idea as

to the relative frequency of the various species, but nevertheless it is apparent that

the commonest form met with is Noeggeralhiopsis. A similar flora is found at the

Cape of Good Hppe (Ekka-Kimberley beds), in Peninsular India (Kaharbari

beds), in Australia (Newcastle beds, Bacchus-marsh sandstone), and in Tasmania

Kaharbari beds (India).
Bajo de Velia

(Province De San Luis, Argentina).
Ekka-Kimberley beds

(Cape).

Neuropteridium validum.Feistm

Glossopteris communis, Feistm.

G. indica, Fstm. . .

G. damudica, Fstm.

G. decipiens, Fstm. .

Gangamopteris cyclopteroides,

Fstm.

G. cylopt. var. attenuata, Fstm.

G. cyclopt. var. areolata, Fstm.

G. cyclopt. var. subauriculata,

Fstm.

G. buriadica, Fstm.

G. major, Fstm.

G. angustifolia, McCoy.

Sagenopteris (?) Stoliczkana,

Fstm.

Schizoneura gondwanensis

Fstm.

Sch. cf. Meriani Schimp

Vertebraria indica, Royl.

Glossozamites

Fstm.

Stoliczkanus,

Noeggeratbiopsis Hislopi, Fstm.

'N. Hislopi var. subrhomboida-

lis, Fstm.

Neuropteridium

Feistm.

validum.

Glossopteris Browniana,

Brongn,

Gangamopteris cyclopteroides,

Fstm.

Equisetites Morenianus, Kurtz.

Sphenozamites multinervis,

Kurtz.

Noeggeratbiopsis Hislopi,

Fstm.

N. Hislopi var. sub'rhomboi-

dalis, Fstm.

N. Hislopi var. euryphylloides,

Kurtz.

Gangamopteris cyclopter-

oides var. attenuata, Fstm.

Noeggeratbiopsis Hislopi,

Fstm.
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(Mersey coalfield). Of all these floras, that of the Kaharbari beds of the lower

Gondwanas in India is closest related to the specimens found at Bajo de Velis, as

may be gathered from the accompanying table, which contains a comparison

of the various floras mentioned above.

Newcastle beds (New South
Wales).

Baecrms-Marsh Sandstone
(Victoria).

Mersey Coalfield (Tasmania).

Sphenopteris lobifolia, Morr

S. alata Brongn. et var. ezilis

Morr.

S. germana, McCoy.

S. hastata, McCoy.

S. plumosa, McCoy.

S. flexuosa, McCoy.

Glossopteris communis, Fstm

G. Browniana, Brongn. .

G. parallels, Fstm.

G. linearis, McCoy.

G. gangamopteroides, Fstm.

G. ampla, Dana. • .

G. reticulum, Dana.

G. elongata, Dana.

G. cordata, Dana.

G. spathulato-cordata, Fstm.

Gangamopteris Clarkeana,

Fstm.

Caulopterb (P) Adamsii, Fstm.

Phyllotheca austral is, McCoy.

Vertebraria australis, McCoy.

Podozamites elongatus (Morr.),

Fstm.

Gangamopteris angustifolia,

McCoy.

G. obliqua, McCoy. .

G. spathulata, McCoy. .

Glossopteris communis,

Fstm.

G. Browniana, Brongn.

G. ampla, Dana.

G spathulato-cordata, Fstm.

Gangamopteris cyclopteroi-

des, Fstm.

G. cyclopt. var. attenuata,

Fstm.

G. cyclopt. var. subauricu-

lata, Fstm.

Gangamopteris angustifolia,

McCoy.

G, obliqua, McCoy.

G. spathulata, McCoy.

Tasmanites punctatus, Newt.

Phyllotheca austral is, Mc

Coy.

Noeggerathiopsis Hislopi,

Fstm.

Noeggerathiopsis media(Dana),

Fstm.
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Kaharbari bcd« (India).
Bajode Velis

(Province De San LaU, Argentina).
Ekka.Klmbcrlty bed«

(Cape;.

Carpolithes Milleri, Fstm.

Euryphyllum Whittianum, Fstm.

Voltzia heterophylla, Brongn.

-

Samaropsis sp.

The following may be deduced from this table with regard to the fossil plants

of Bajo de Velis :—

Neuropteridium validnm, Fstm., is found in the Kaharbari beds of Bengal

where it represents one of the most frequent and most characteristic type*.

It is noteworthy that this beautiful fern is confined to one horizon only

(sandstone beds) of Bajo de Velis.

Gangamopteris cyclopieroides, Fstm., (5 varieties) and 4 other species are the

commonest and predominating forms which occur in the Talchir-Kaharbati beds ;

in the next succeeding horizon, the Damuda division, only some small forms of

this genus survive, but they disappear completely higher up. In Africa Gangamop-

Itris cyclopieroides has been found only in the lower beds of the " Karoo " form

ation (the " Ekka-Kimberley " beds) and this is the only species of Gangamoplerit

known in Africa. In Tasmania G. cyclopieroides has been found with its varieties,

G. attenuate and G. subauriculata, all in the Mersey coalfield. Equisetitet

morenianus, Kurtz, may be compared with the various remains of the families of

the Equistacece, and of theSchizoneurse found in the Talchir Kaharbari beds, and

very probably belongs to the genus Schizotieura, which would clear up an

important point connected with the Damuda-Panchet system ; in Australia the

genus Phyllolheca is represented in the group of the Schizoneurse. SphenozamiUs

mul/inervis, Kurtz, stands isolated and cannot be compared with forms

elsewhere.

Noeggerathiopsis, Hislopi, Fstm., occurs in the Talchir- Kaharbari beds and in

the middle Gondwanas (frequently at Damuda and South Aurunga); in the

upper Gondwana (Rajmahal series) no species of Noeggerathiopsis exist (although

they occur at Tonkin). In Africa A^. Hislopi, Fstm., is only seen in theJKimbertey

beds, and in Tasmania the species has been found in the Mersey coalfield.

Bajo de Velis. Ekka-Kimberley beds. Kaharbari bed.

Neuropteridium validum, Fstm. Neuropteridium validam, Fstm.

Gangamopteris cyclopteroides,

Fstm.

Gangamopteris cyclopteroi

des, Fstm. var.

Gangamopteris cyclopteroides,

Fstm.

Equisetites Morenianus, Kurtz.

Sphenozamites multinervis,
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Newcastle beds (New South
Wales).

Bacchus-Marsh Sandstone
(Victoria).

Mersey Coalfield (Tasmania).

Brachyphyllumaustrale, Fstm.

(?) ; cf. Schimper-Schenk,

Palzophytologie, pp. 331,

336).

-

where it is associated with another species of the same genus, A^. media (Dana),

Fstm. This- last and two more species have been likewise found in New South

Wales.1

The better to compare the relations which exist between the fossil flora of Bajo

de Velis and the plants of the other areas, which we have had under consideration,

I have compiled a table of the data available.

From the data given in the following table it may be concluded that the fossil

flora of Bajo de Velis belongs to the same geological horizon which holds the other

5 plants mentioned, and that its prototype is the flora of the Talchir-Kaharbari

beds of the lower Gondwanas. The palaeophytologist O. Feistmantel has already

discussed at some length the relation which the lower gondwanas, and the strata in

Africa and Australia, occupy to the recognized horizons, especially those of Europe,

and has arrived at the conclusion that the formations in question belong to the

Permian system, that is to say, that they represent the close of the palaeozoic group,

a conclusion which several Australian geologists have endorsed, and which in my

opinion may be generally adopted with reference to the age of the beds in

Argentina8 :—

1 The genus Glossopterls, so abundantly represented in the various strata of the Gondwana

system in South Africa, India and Australia, where it appears for the first time in the upper

Carboniferous strata (Queensland) and rises to the upper Trias or the lower Jurassic ("Jubbul-

pore group ") is completely wanting in America (as also in Europe) ; Glossopteris is chiefly

distinguished from the genus Gangamopteris by the existence on its fronds of a median vein,

which character is completely absent in Gangamopteris.

1 It must be mentioned here that this view had practically been adopted by the members

of the Geological Survey of India some time before Dr. Feistmantel would admit it himself.

(Director Geological Survey of India.)

Newcastle beds. Bacchus-Marsh Sandstone. Mersey coalfield.

Gangamopteris (1 spec.). Gangamopteris (3 spec ). langamopteris cyclopteroides,

Fstm., cum var. et, 3 spec,

alt.
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Bajo de Veiis. Ekka-Kimberley beds. Kaharbari beds.

Noepgerathiopsis Hislopi,

Fstm.

Noeggerathiopsis Hislopi,

Fstm.

Noeggerathiopsis Hislopi,

Fstm.

N. Hislopi var. subrhomboida-

lis, Fstm.

N. Hislopi var. subrhomboi-

dalis, Fstm.

N Hislopi var. euryphylloides,

Kurtz.

Up to date we know of three rock-formations in Argentina which have

yielded fossil plants. The first is that of Retamito in San Juan, which corre

sponds to the lower carboniferous (Culm) as Dr. L. Szajnocha 1 has already shown ;

then follows the flora of Bajo de Velis which has no species in common with

the preceding formation nor with the following series. The latter occurs in the

neighbourhood of Cacheuta, Challas and Uspallata in Mendoza, at Mareyes in San

Juan, and in the Escalera de Famatina in La Rioja. The fossils found at the latter

places belong to completely different flora, which Professor H. B. Geinitz has

already determined as belonging to the rhaetic,8 a conclusion confirmed by

Dr. A. Stelzner 1 and also by Dr. L. Szajnocha*.

To the same epoch belong the fossil plants, which are found in the Stormberg

beds (Upper Karoo) of South Africa ; in the Tivoli-Ipswich beds of Queensland ;

in the Wianamatta-Hawkesbury beds of New South Wales ; and in the Jerusalem

beds of Tasmania : that is to say, that these fossil plants occur in horizons between

the upper triassic and lower jurassic systems. In India the lower beds of the

R4jmahdl series (Upper Gondwanas) correspond more or less to the rhaetic system.

In the following table I have arranged the plant-bearing beds of Argentina

according to their geological horizons :—

Series of beds at Cacheuta, Challas, Uspallata,

Marayes, Escalera de Famatina.
Rhaetic

P Trias.

Bajo de Velis series. Permian.

P Upper carboniferous.

Retamito series. Lower carboniferous (Culm).

* Revista, Vol. VI, p. 119; see also Stz. Ber. Kais. Akad. d. Wissensch. Wien, Vol. C, pt

4, p. aoj (Dir., G. S. I.).

' Ueber rhaetische Pflanzen nnd Thlerreste in den Argentinischen Provinzen La Rioja

San Juan nnd Mendoza : 1876 (Palaeontographica Suppl. III.).

* Beitrage zur Geologie und Palaeontologie der Argentinischen Republic, I : 188$, pp.

68-82.

* Ueber fossile Pflanzenreste aus Cacheuta in der Argentinischen Republic. Sits. Ber.

Kais. Akad. Wiss. Wien., Vol. XCVII, pt. 1, 1888, pp. 219-245.
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Newca»tle beds. Bacchus-Marsh Sandstone. Mersey coalBeld.

Noeggerathiopsis (1 ipec). Noeggerathiopsis Hislopi,

Fstm.

Note by the Director, G. S. I.—The evidence afforded in the above paper has

such a strong bearing on the age and relations of the most important of all our rock-

formations of India, namely the coal-bearing Gondwanas, that it appeared

advisable to have it translated from the Spanish original, which has been ably done

by Mr. John Gillespie, to whom our acknowledgments are due.

One of the chief points of interest in connection with the discovery of Gondwana

plants in Argentina lies in the fact that there we have an unquestionable lower

carboniferous series (Retamito) in the neighbourhood of which (and probably uncon

formable to it) a series of beds is found, which contains well known lower Gondwana

species of plants, thereby limiting the geological range of the lowest beds of it, at

all events to upper carboniferous at most, which is a further confirmation, long

ago and independently arrived at by the authors of the "Manual" (ist.edition)

and generally adopted by the Geological Survey of India,

Notes from the Geological Survey of India.

I. Central India, Rewah.—TAr, Oldham with Mr. Datta have continued their

purveys in Rewah, and some of the results of their work have already been

noticed in my annual report and in the " Notes," Records, part 2 ; with regard to

the Vindhyans and underlying rocks no specially new facts have come to light ;

but, on the other hand, Mr. Oldham has latterly been engaged in the survey of

a patch of Gondwanas, which contained several rather fair coal-seams, though few

.over three feet in thickness. The total extent of the surveyed area of the coal-

measures is about aoo square miles, and it is situated east of the Mohan river,

shown in sheet 476 of the Rewah survey.

Near their western limit they are covered by red ferruginous sandstones and

shales, whose extent has not been determined. The Barakar age (already deter

mined correctly by Mr. Smith) is clearly shown by the fossil contents, amongst

which are Vertebraria, Glossopteris, Schizoneura, etc. Two coal-seams of 6 feet

and 5 feet 6 inches thickness were found by Mr. Oldham; the former is ij miles

south-west by west of Ujeini, the latter, 2 miles north of Amlia, both places near

the eastern edge of the standard sheet 476,
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//. Madras.—Mr. Middlemiss continued his researches in the Salem district

and reports in February.

(i) Magnesite and ultra-basic rock of Valaiyapaddi.—The magnesite is present

in very small quantities. The rocks associated with it entirely resemble those at

the north-west end of Kanjamallai, so far as their appearance in the field goes.

Forming a long low ridge, running east and west from Valaiyapaddi, there are

interesting examples of the above type in close association with a very acid rock,

namely, a coarse graphic granite composed almost entirely of pink orthoclase

and quartz. Both rocks are intrusive among the basal gneisses of that area in

parallel lines. Some good instances of this are to be found west of Valaiyapaddi.

The graphic granite was probably intruded last.

(2) Chamockite, south of Salem.—Between Muttu Kalipatti and Salem on the

Namakal-Salem road a great exposure of charnockite occurs. From its position,

strike, and general appearance it is a continuation of the Shevaroy Hills massif.

(j) Chalk Hills.—The final few days spent at the Chalk Hills enabled me to

secure some " camera " sketches and photographs. As a whole, the aspect of

each magnesite area is that of a series of concentric ellipses (roughly speaking)

of rocks of varying composition and basicity. At the centre of each area occurs

the chromite in veins among the dunite and serpentine ; surrounding this is a

paler dunite zone (almost pure olivine, or partly or wholly converted into magne

site). Surrounding this again is a small ring of rocks containing olivine and

pyroxene with sometimes biotite. Surrounding this at certain points come rocks

like the last, but with felspar and quartz in small quantities. Finally, surrounding

the whole area come great ridges of hornblende-garnet rocks set among and with

the ordinary gneisses of the country.

(4) Corundum localities, Coimbatore District.—The corundum localities visited

in Coimbatore embraced Selengapalaiyam near Kavanthapatti where the mineral

is only sparingly found and picked up from the surface after heavy rain. It i s

similarly found at Gopichettipalaiyam in one small field. The locality of Siva

Mallai is the best that I have yet seen. The mineral is regularly worked for and

occurs as large hexagonal prisms scattered about in an extremely coarse biotite

granite with pink felspar. The latter follows along the north-west side of a range

oflow gneiss hills, a continuation of the Siva Mallai. The corundum is chiefly

found on the margins of the granite veins.

///. Baluchistan.—during February Mr. Smith examined the high range

between the Luni plain and the Zhdb territory. This range is apparently formed of

massive jurassic limestone, containing ammonites ; its thickness is very great, and

in the Wat pass, which leads through the centre of the tange, it is quite 2,000 feet,

all within sight, and the base is not exposed.

This grey, massive limestone is overlaid by the neocomian belemnite beds,

consisting of yellowish to pink, light green and white shaly limestones and shales,—

conformably apparently. The entire area near Mekhtar is formed of these beds,

which yielded belemnites in abundance besides some ammonites.

This neocomian horizon is overlaid by a great series, which Mr. Smith was

enable to divide further, but which seems to have varied a good deal lithologically ;

the middle of the series apparently contained nummulitic limestone beds, and the

uppermost beds were capped by the white nummulitic limestone of the Spintangi
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beds. Some of the beds of this great series appear to be derived from volcanic

material, and even basaltic rock was met with.

There can be little donbt but that this sequence of beds represents the great

belt of strata, which extends from south of Hindu Bagh, north of the Loralai hills

along the southern side of the Zh6b valley, and which show such a well pronounced

flysch character. The lowermost beds are upper cretaceous, whilst the whole

lower and middle nummulitic division of the tertiary system is represented.

C. L. GRIESBACH, Director,

Geological Survey of Indta,

Calcutta ;

The nt August
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I.—INTRODUCTION.

1. The dyke-rocks of the Giridih coalfield have been mentioned and mapped by

Mr.T.W. H.Hughes, late Superintendent, Geological Survey of India, in a memoir

published in 18681. The 15 dykes described by that author were classified as

(ij dioritii; traps, (2) compact felspathic traps, and (3) micaceous traps. Mr. Hughes

1 Mem. Geol. Surv. Ind., Vol. VII, p. 209.

A
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has also briefly referred to the crystalline rocks which fringe the whole coalfield

and form also two faulted inliers amongst the Talchirs in the north-west corner.

2. Later investigations facilitated by widely-extended subsequent mining opera

tions have enabled us to add many facts concerning the relations and field charac

ters of these dykes, whilst microscopic and chemical examination in the laboratory

of the large number of specimens collected has revealed many additional facts,

which appear to be of both local and general interest. We gratefully acknowledge

the help most generously given in many ways by Mr. T. H. Ward, F.G.S.

II.—GENERAL STRATIGRAPHICAL CHARACTERS OF

THE COALFIELD.

3. The Giridih (Kurhurbaree) coalfield consists of a small patch of strata of

Barakar and Talchir age, measuring 1 1 square miles, and preserved between three

nearly parallel faults, which trend east and west. The Barakars appear at the

surface for over 7 square miles and the Talchirs for over 3J square miles, the

remainder \ square miles, being inliers of crystalline rocks.

4. The Barakars, having a total thickness of nearly 1 ,000 feet, include at the

Ba ka Sta e t0P severa' Sreat seams of inferior coal (the hill teams)

with coarse sandstones, conglomerates and dark felspathic

grits, lying on 500 feet of light-grey, coarse sandstones and conglomerates con

taining well-rounded boulders of quartzite, with dark grey grits, and a few bands

of shale or impure coal. Underneath these beds occur 1 50 feet of grits in which

the two main seams of Kurhurbaree coal occur (Kurhurbaree upper and lower seams).

5. The Talchirs, lying below the Barakars, consist of friable, greenish and

Talchir Stage yellowish sandstones overlying yellow and blue shales,

which weather in a very characteristic fashion into nodular

masses and acicular fragments. Underneath these shales occurs the well-known

boulder-bed. The total thickness of the Talchirs is about 150 feet.8

III.—THE IGNEOUS ROCKS.

6. According to their geological age, the igneous rocks may be grouped into—

(a) those which were intruded into the crystalline series before the deposi

tion of the Talchir group, and

(Jt>) those which have been intruded subsequent to that period, and, pro

bably, subsequent to the formation of the youngest Damuda rocks

in Bengal.

7. The time which elapsed, therefore, between these two sets of intrusions was

at least as great as that required for the deposition of the Damuda series. We shall

give below (paras. 17,18 and 30) the evidences which suggest that some of the former

group of intrusive rocks (Pre-Damuda) were subjected to statical metamorphisni

' Detailed descriptions of the stratigraphy of this area will be found in the memoirs by

Mr. Hughes (Mem. Geol. Surv. Intl., Vol. VII (1868), p. 209), and in a paper recently pub

lished by one of us (Saise, Rec. Geol. Surv. Ind., Vol. XXVII (1894), p. 86). Reference to

prerious literature on the same subject will be found in these papers.
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at the time of the intrusion of the oldest of the latter group (Post-Damuia), and

subsequently suffered from the results of dynamical metamorphism, probably when

the main faults of the field were developed.

(a) PRE-DAMUDA IGNEOUS ROCKS.

8. The crystalline rocks, which have already been mentioned, have been

invaded by igneous rocks whose pre-Damuda age is assumed principally from

negative evidence. They can be traced up to the boundary faults in several places,

but are never found within the limits of the stratified area; they are assumed,

therefore, to be older than the boundary faults, and, with less certainty, than the

Damuda strata forming the coalfield. The dyke of eurite on the north of the field

marks the boundary for a considerable distance, the plane of the dyke-face form

ing apparently a line of low resistance along which the fault has developed.

9. Neglecting the question of the origin of the ordinary crystalline gneisses and

schists, the rocks which form well-defined dykes and are considered to be of im

mediate igneous origin are—

(1) Diorites.

(2) Granites and Eurites.

(1) Diorites.

10. By their resistance to the weather, the diorites generally rise as small hills

from amongst the crystalline series. Similar rocks, in which, in hand-specimen,

hornblende is always a prominent constituent, occur as dykes in various places

amongst the crystallines of Chota Nagpore, the Sonthal Pergunnahs and Raniganj,

but never breaking through the sedimentary rocks.

11, The way in which these have developed from an original pyroxene-plagio-

diorit c'ase r0°k 's ver^ eas''v demonstrated in almost every one
Origin o the tet. ^ these masses ; but the secondary changes which have

been brought about by both statical and dynamical metamorphism show some

interesting variations in the different localities. On the north and east of the

coalfield, for. instance, the development of hornblende from the original pyroxene,

and of a granulitic structure from an original granitic one, is accompanied by the

production of large quantities of scapolite. In these rocks a prominent constituent

is apatite. On the south of the coalfield, on the other hand, the augitic rocks pass

into hornblende-granulites and even hornblende-schists, which are entirely devoid

of scapolite. It is very interesting to note that in these rocks, which do not give

rise to scapolite, there is, unlike those of the northern margin, not a trace of apatite.

Werneritization.

12. In the rock described in 1875 by Brogger and Reusch8 e&ge/kckter Gabbro,

and in which the apatite veins of Oedegaarden occur, Professor Judd has traced

the changes by which plagioclase-felspar has been transformed into scapolite.

Liquids under pressure and containing chlorine in some form or other produced

• Zeitschr, d. d. geol. Ces., Vol. XXVII, p. 646.

A 2
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cavities by solution along the twin-planes in the felspar, and these cavities became

filled with supersaturated solutions of sodium-chloride. Following these changes,

which form a part of the statical metamorphism* to which the rock has been subjected,

crushing of the mass has produced a granulilic structure accompanied by the conver

sion of the mixture of plagioclase and sodic chloride into crystals of scapolite*. In

the hornblendic rocks on the north-east boundary of the Giridih coalfield, in the

neighbourhood of Paharidih and Mongrodih, we have a most striking illustration

of the development of scapolite from plagioclase by the successive effects of statical

and dynamical metamorphism similar to those which have been so beautifully

traced in the celebrated Apaiitbringer of Oedegaarden in Norway by Professor

Judd.

13. The original rock contained both monoclinic and rhombic pyroxenes.

The former appears under the microscope as colourless

of oriSwIl rc0°c™p0Sltl0D plates with a feeble attempt at an ophitic arrangement around

the felspars. These are invariably changed at their mar

gins into granules of hornblende. The rhombic pyroxene occurs in minute

granular aggregates darkened by the products of schillerization and forming at the

junctions with felspar reactionary fringes which are composed of radially arranged

blebs of a colourless mineral and hornblende.

14. The plagioclase felspars are invariably crowded with minute colourless

liquid inclusions arranged along the twin-planes (see plate

isloft^'p.^oT/e^" 3). As the crushed rock gave, with nitric acid and

silver nitrate, unmistakeable reactions for a chloride, we

concluded that these inclusions, like those in the Oedegaarden rock, are solutions

of sodic chloride.

15. Amongst the accessory constituents, crystals of black iron ores, garnet which

is of secondary origin, apatite, quartz and calcite are found
Accessory constituents. . „

' in small quantities,

16. This compact rock with granitic structure, composed almost wholly of

pyroxene and plagioclase, and in which the effects of statical

phEmo™therock.am0r" metamorphism are so strikingly shown, passes within a

short distance along the same dyke into a distinctly foliated

granulitic rock, in which hornblende and scapolite, by far the most abundant

constituents, are mixed with a granulitic aggregate of clear felspar and quartz.

Not the least interesting features in the rock are the patches which have escaped

the effects of the dynamo-metamorphism. In these the old granitic structure

is preserved and the felspars still clouded with, inclusions, whilst scapolite is

absent.

1 7. The frequent close association of apatite and scapolite in Norway, Canada

and elsewhere, naturally reminds us of the remarkable

titelnTsclpolui. apS* apatite-bearing peridotite which breaks through the Damuda

strata in the immediate neighbourhood of the scapolite-

bearing rocks of this area. According to the analyses of Waage, quoted by Brogger

and Reusch8,the apatite of Oedegaarden contains from 3 to 5*8 per cent, of chlorine.

In the Giridih area also the apatite of the peridotite is a chlor-apatite. We have

• On statical and dynamical metamorphism: Ctol. Mag., Dec. HI, Vol. VI (1889), p. 343-

• Utn Mag., Vol. VIII (1889), p. 186.

• Loc. ext., p. 674.
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thus a suggestion for the origin of the chlorine, which has in both cases brought

about the preliminary changes necessary for the formation of scapolite from

plagioclase in a previously-formed pyroxene-felspar rock, such as that at Mongrodih

and the geflecter Gabbro of Oedegaarden.

18. Accepting this explanation, the formation of the scapolite may have com

menced at any time after the deposition of the Damuda

Geological age of the rocks, which we shall show to be the oldest limit of the

peridotite intrusion (see para. 29—32 ; also Holland, Bee.

Geol. Sure. Ind., vol. XXVII (1894), p. 132). For the subsequent movements of the

rocks which gave rise to the granulitic and foliated structures, the Rajmahal erup

tions which fissured the country in all directions must have been sufficient to

account for the younger faults and the small amount of crushing which has pro

duced a rough foliation approximately parallel to the main faults. We consider

that the intrusion of the peridotite, the production of the leading faults, and the

werneritization of the pyroxene-felspar rocks occurred in close succession, at a

period not far removed from the time of the deposition of the Panchet rocks.

Uralitization,

T9. The production of hornblende by paramorphism of the augite is the most

conspicuous amongst the secondary changes which have been produced in the

pre-Damuda pyroxene-plagioclase intrusions. There are two principal types of

this change : (1) At Bonkhoonju, a small peak west of the Oosri nuddi and north

of the coalfield, hornblende develops with crystallographic parallelisrh to the

porphyritic augite from which it is derived, and the rocks have suffered compara

tively little from crushing. (2) In Chepo hill and near Gujiadih, on the southern

border of the coalfield, where the band of dioritic rocks runs east-north-east and

west-south-west, parallel to the general strike of foliation in the crystalline series,

the hornblende has formed in isolated crystals in the augite without definite

crystallographic relations to the latter, whilst the rocks themselves are sometimes

so crushed and foliated that they become fissile hornblende-schists.

20. (1) In the rocks from Bonkhoonju hill the large phenocrysts of augite are

darkened with schillerization plates, and the change to

khoon a!Zat!on at B°n" homblende takes place along the margins of the crystals,

extending inwards to varying degrees. The hornblende

selvages so formed show optical continuity over considerable areas, the vertical

crystallographic axis of the mineral generally coinciding with that of the augite

undergoing the paramorphic change.

There are again two types of these rocks. In one lot the large augites show a

With t l'te lustre-mottling in the hand-specimen, whilst the felspars

Without scapolite. jffafa (j,ejr original long prismatic shapes, and are darkened

by inclusions. In this type there are patches of biotite generally with a lump of

black iron-ore in the centre of each patch, and a granular pleochroic rhombic

pyroxene which occurs in conspicuous quantities. In, the other type, the felspars show

a granulitic structure, with either clear scapolite crystals or

With scapolite. patches of a grey fibrous material which strongly resemble

the decomposition-products of scapolite. Biotite occurs irregularly but always

intimately associated with the hornblende from which it has possibly been derived.

Sphene and apatite are scattered irregularly through all these rocks.
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21. (2) The Chepo hill mass shows generally a more advanced stage in the

uralitization to hornblende, the crystals springing up at

Uralitization at Cbepo jrrefrU]ar intervals in the augite crystals, and showing little

and Guiiadih. 0 . ° . ... ...

regard for the optical orientation of their neighbours.

Epidorites and even well-foliated hornblende-schists occur along the same band of

rocks at Gujiadih. Sphene and colourless epidote are represented, but apatite

(unlike the Bonkhoonju rocks) is noticeably absent ; the acicular crystals scattered

through the felspar shew a much higher double refraction than that of apatite.

(2) EURITES.

22; Besides the masses of binary granite which occur at several places amongst

the felspathic gneisses, there are two large dykes of eurite—one running close

to the northern boundary fault, and for some distance along the fault (see para.

8), and the other running in a parallel direction on the southern boundary from a

point a little to the south of the junction of the Komaljore and Suni nadis to a point

where the latter crosses the fault.

23. The eurite is a dark-green compact rock exhibiting a fracture which is

conchoidal, except where interrupted by the numerous-

Structure of the inclusions of hornblende-granite. Quartz in small granules

euntes. . , , 0 ... . -
is scattered through the grey microcrystalline matrix, and

sometimes occurs in larger fragments which show crystal outlines. The absence

of ferro-magnesian silicates amongst the phenocrysts is a very noticeable feature.

The patches of coarse-grained granitic material, giving a glomero-porphyritic

structure to the rock, contain considerable proportions of plagioclase with small

quantities of hornblende. The whole rock has been brecciated and the pieces

re-cemented with granular quartz.

(i) POST-DAMUDA INTRUSIONS.

24. The dykes which break through the stratified rocks of Damuda age are of

two very distinct types :—

(1) A group of mica-peridolites remarkable for the amount of apatite they

contain, and,

(2) Large dykes of basalt, younger than the foregoing set and probably the

underground representatives of the Rajmahal lava-flows.

Dykes of the former class can generally be identified with the compact felspathic

and micaceous traps of Mr. Hughes, whilst the latter are referred to as dioritic

traps by th; same author.

(l) Peridotites.

25. The rocks which have been generally known to previous wrtiers as " mica

traps" occur in this and in most of the Bengal coalfields in

titfiS1Perid°* the form of dykes and intrusive sheets with very marked

characteristics. The dykes are generally narrow (3—5 feet)
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and at the surface are always decomposed to a soft buff-coloured crumbling earth,

which is often vesicular and contains remnants of partially-decomposed bundles

of mica. Traced below the surface in the colliery workings, these dykes are seen to

send out ramifying apophyses into the surrounding coal and sandstones, and in some

places they thicken out into boss-like masses, or even spread out in wide sheets

along the bedding planes, coking the coal with the production of beautiful colum

nar structures, baking the shales, and partially fusing the felspathic sandstones into

compact rocks, which sometimes show structures in section like those seen in

rhyolites (para. 53).

26. As compared with other igneous intrusions of this area, the results of the

widely-extended results of contact-metamorphism produced by the irruption of

these " mica traps " everywhere appear to a very marked degree. Taking this

fact into consideration with the length of such narrow dykes in the different coal

fields, it seems natural to suppose, as previously suggested by one of us,7 that the

igneous material was injected in a very mobile condition at an exceptionally high

temperature,

27. The colliery workings, besides enabling us to trace the various ramifications

of these intrusive rocks, have exposed at greater depths

ters oTth^Peridotites.0" masses of the rock which have suffered very little from

secondary decomposition. The microscopic characters,

which have been described in detail by one of us,8 prove it to be of a type quite

unique amongst the remarkable group of peridotites. A character which seems

to be constant throughout the coalfield is the most exceptional quantity of apatite

amongst the constituents of this peridotite, amounting in the freshest specimens

obtained to as much as 1 1*5 per cent, of the rock. In these specimens which were

obtained from the boss-like expansion in No. 7 Jogitand shaft, the apatite is accom

panied by biotite, olivine, magnetite, chromite and a grey base which is considered

to be the vitreous residue of the rapidly cooled and imperfectly crystallized magma.'

In other places augite and anthophyllite are amongst the ferro-magnesian constitu

ents. Whilst the corresponding rocks in the Darjeeling coal-measures, where, by

the way, apatite is subordinate in quantity, are sometimes composed entirely

of crystals, those of the Giridih coalfield are, so far as our researches show,

always hemicrystalline like the kimberlites described by Carvill Lewis in the

Gondwana rocks of South Africa. As might be expected, the central portions

of the larger masses are always coarser in grain than the more rapiJly cooled

selvages.

28. Subterranean circulating waters, in which the proportions of carbonic and to

D of the a ^CSS extent su'Pnur'c acids are increased by the slow oxida-

Peridotites?3"""1 ° * t'on °* tne Pyritous coal, bring about secondary changes in

the rock constituents with the production of serpentine,

followed invariably by rhombohedral carbonates and sometimes by secondary quartz.

At the surface, oxidation of the iron compounds and removal of the alkalies and

alkaline earths in solution leave a buff-coloured or rusty soft clay in which mica

seems about the last mineral to lose its original characters.

' Holland. Rec. Geol. Surv. Ind., Vol. XXVII, p. 133. /itA,*W» ,' •

* Holland. Loc. cit., p. 129.
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29. Dykes of the mica-peridotite are found cutting through the hill seams and

Distribution and Geo- the Kurhurbaree upper seam ; but it is in the lower seam

logical age of the Peri- that the intrusions are most numerous, and here they

dotltes> spread out in great sheets destroying the coal over large

areas. As might be expected the greater pressure at lower depths forced the

molten material along the bedding planes of the least resisting rock, namely, the

coal.

30. On the accompanying map we have indicated the position of 19 peridotite

dykes so far as they are traceable at the surface. These show a general tendency

to run east and west. Whilst they cross the older faults in the lower seam

they do not break through the boundary faults, as is the case with the younger

basaltic intrusion. The intrusions are therefore younger than some of the faults

within the coalfield but are probably older than tlie boundaryfaults of the field.

This agrees with a suggestion we have already made that the statical metamprphism

of the pre-damuda pyroxene-felspar rock of the adjoining area occurred at the

time of the intrusion of this chlor-apatite bearing peridotite and the subsequent

movements which changed the former rock into a homblende-scapolite granulite

brought about the great faults, which dropped the Giridih coalfield into its present

position. It is certainly very significant to note with reference to this suggestion that

where the original pyroxene-felspar rock was furthest removed from these peridotite

intrusions, as at Chepo, there is not the slightest sign of scapolite in the foliated

homblendic rocks.

31. One of the dykes only (the Buriadih dyke, No. 2 on list) passes into the

crystallines ; and the boundary of the coalfield at this point is a natural one, not

faulted.

32. The highest strata amongst the Damudas at Giridih are cut by the peridotite

dykes. Passing to the Raniganj coalfield we find the youngest Damudabeds there,

namely, the Raniganj -stage, are also invaded by this rock; but beyond this we

have no reliable evidence for fixing with greater precision the oldest limit of the

intrusion. The youngest limit is determined by the basalts which, following

Dr. Blanford, we regard as Rajmahal in age. We have thus a peridotite intrusion

probably contemporaneous with the formation of some part of the Panchet group.

33. Catalogue of the Mica-peridotite dykes in the coalfield.

No. Name of dyke. Direction. TbiclCBess. RlUARU.

I ; Dandidih , . NW—SB 3 feet

a Buriadih . • . NW—SE I foot No. 6 of Hughes.

3 Chnnka . . NW-SE 2 feet

4 Khandlha NNW-SSE a No. 8 of Hughes.
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No. Name of dyke. Direction. Thlckoeae. RlMARfl.

s Kopa . . • NNW-SSE a No. 15 of Hughes.

6 Baniadih NW-SE 1 foot

7
Bungalow pit Buniadih . W—E it •1 No. 10 of Hughes.

8 Domahani . . W—E 1 11 11 II w 11

9 Jubilee pit . . . W-E 6 inches 11 10 >• n

10 Bhaddoah hill W-E 1 foot

11 Sariabad . . . W-E 1

ta Gapae .... WSW—ENE 1 »

«3
Satighat • . • NW—SE 1 H No. 13 of Hughes.

>4
Bittagarha . . ENE-WSW 1 It

»5 Jogitand . • ENE—WSW 1 If

16 Jogitand— Lunki . WNW—ESE feet No. S of Hughes.

7
Cbaitadih . . . WNW-ESE foot

»8 Mowlichooab ■ N-S a feet No. 1 of Hughes.

19 Birwadih . W-E ■ foot

(2) Basalts.

34. The greater thickness and the spheroidal weathering of the hard, black

or dark-grey basalts are characters which serve to distinguish without difficulty

the dykes of this rock from those of the mica-peridotite with which, within the

limits of the coalfield, they are so frequently associated. These dykes sometimes

attain a thickness of 100 feet, and yet nowhere has the action of this rock on the

strata produced results in any way comparable to the effects of the much narrower

intrusions of the mica-periodotite. So far as we know, the basalts never spread

as sheets along the bedding planes of the sedimentary strata which have been

invaded.

35. Specimens of the basaltic rocks have an average specific gravity of 2*99.

Under the microscope they are seen to be composed of olivine, partially

decomposed with the formation of green and yellow serpentine, plagioclase felspar

in lath-shaped crystals, magnetite, often developed around the felspars, and,

included by the pale brown augiie, which is developed ophitically around the

crystals of earlier consolidation. There is always a residue of feathery micrplites in

a hyalopilitic matrix.

36. The basalts cut through the faults within the limits pf the coalfield an<}

Occurrence and geo- strike across the boundary faults into, ti>e adjoining

logical age of the crystalline series. Where their junctions with the perido-

basalts- tites have been exposed and examined, it is seen that the
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latter rocks are displaced and cut through, proving the basalt to be distinctly

younger than the mica-peridotites. (See fig. i). Seeing they cut across the

boundary faults, they may be regarded as younger than the coalfield as a whole.

 

Fig, I. Plan shotting the Baniadih-Komaljote dyke of basalt crossing the Jogitand-Lunki

dyke of peridotite.

Following the conclusions of Dr. Blanford concerning the age of the augitic dykes

of the Raniganj coalfield9 and of subsequent workers in other Bengal coalfields, it

seems safe from analogy to consider these basalts to be the dyke representatives of

the petrologically similar basaltic outflows of Rajmahal age.

37. The following is a list of the six basaltic dykes mapped :—

No. Name of Dyke. General direction. Thickness. RSMARKS.

I Pandadih E—W 20 feet. In the crystallines.

3 Maniktand . NW—SE So ,1 No. 14 of Hughes.

3 Dhobidih-Mowatand NW—SE 5"—100 >» ■1 'a « .1

4 Baniadih-Komaljore NE—SW 5 —100 11 No. 9 „ „

5 Baniadih . NW—SE 30 !•

6 Kopa-Kabribad . j

E—W

ESE—WNW

5 - 5° 11 No. 7 of Hughes.

38. The two sets of intrusive rocks just considered—the mica-peridotites and

the basalts—are associated with one another in nearly all the coalfields of Bengal,

and we have shown that the more basic eruption has been the first to be intruded.

As all workers agree in considering the basalts to be of Rajmahal age, and we have

shown that the peridotites are younger than the Raniganj stage, these two sets of

intrusions cannot differ very greatly in geological age. But they are nevertheless

quite distinct in order of eruption. They are equally distinct in petrological

• Mem. Geol. Surv. Ind., Vol. Ill, pp. 141 — 149.
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characters and mode of occurrence ; and we do not see that there is any proof of

their having been derived from a common magma, although

Relations of the pen- tnjs nas been assumed so frequently during the last two or

dotites and basalts. , > ?. . . .

three years as a necessary premise for explaining the irrup

tion in order of basicity of igneous rocks associated with one another within the

limits of comparatively small areas. The older set of intrusions are represented

by mica-peridotite as the leading petrological type ; they occur in all the coalfields

of Bengal from Raniganj to Darjeeling, and are of about Panchet age. In places

by the introduction of felspar, these pass into basalts, but of a type which could

never be mistaken for the Rajmahal rocks. The younger group of intrusions are

basalts with olivine passing into augite-plagioclase rocks ; they stretch to consider

able distances around Raniganj, and belong to a petrographical province of Rajma

hal age. It would be a great convenience if we had some conveniently short no

menclature to express the geological age, geographical limits, and petrological

facies of petrographical provinces so marked as these cases presented to us in

Bengal.

(3) Comparison with South African Intrusions.

39. In studying the post-Damuda intrusive rocks of this and the other coal

fields of Bengal, it is impossible to overlook the apparent parallelism with the

igneous rocks which invade the Karoo system of South Africa. Although the South

African beds have not been sufficiently investigated to allow of great precision in

correlating the various groups there represented with the Gondwanas of India, the

palseontological and lithological characters of the deposits leave no doubt about

the Karoo system being homotaxially equivalent to the lower and a portion of the

upper Gondwana system in India.

40. The rocks intrusive into the Karoo beds belong to two groups :—

(1) The diamond-bearing peridotite breaking through the Ecca beds and

Kimberley shales.

(a) The basaltic rocks which break through the whole series and form

contemporaneous lava-flows capping the Stormberg beds.

41. In India we know beyond question that the peridotites are older than the

associated basalts. In Africa we only know that they break through the older

strata and are not found in the higher beds.

42. .In India the basaltic dykes break through the whole of the lower Gond

wanas and are considered to be the underground representatives of the Rajmahal

lava-flows. The basalts of South Africa traverse in like manner the complete

Karoo system from the Ecca stage to the Stormberg beds.10 Whilst it is not yet

possible to fix exactly the position, and especially the youngest limit, of the

Stormberg beds, they are certainly not older than the Panchets and are probably

not far removed in age from the Rajmahals.

43, Whilst admitting, therefore, thalthe evidence is but fragmentary, we consi

der that the facts of stratigraphical distribution and petrological features, so far as

they are known, are sufficient to warrant as a tentative conclusion the existence of

one, if not two, petrographical provinces of Gondwana age extending from South

10 Green Quart. Joutn. Geol. Sot., Vol. XLIV, (1888), p. 239.
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Africa to India. The oldest of these was characterised by peridotites, and these

were followed, at a period not far removed, by enormous outflows of basalts and

augite-andesites.

IV,—CONTA CT-EFFECTS.

44. The intrusions of peridotites and basalts into the Damuda strata have given

rise, as already stated, to very marked contact- metamorphism, especially in conjunc

tion with the former group of igneous rocks. The results, as might be expected,

are most striking amongst the coals, whilst the sandstones have been hardened by

baking and even partial fusion, and the shales merely baked.

1, Contact-Metamorphism of the Coai..

45. Even the narrow dykes of peridotite, where they pass through the coal

seams, are bordered with a zone of beautifully columnar coke two or three feet

thick on either side of the dyke. The volatile bituminous matter having been

driven off, the resulting contraction in the mass produced a columnar structure with

injections of thin films of the igneous rock along the cracks.

46. The series of proximate assays given below are of altered coal taken at

gradually increasing distances from the margin of the peridotite dyke, and com

pared in each case with specimens of unaltered coa.1 from the same seam,

Series A.

47. Specimens taken from lower seam, south of No. 7 Jogitand shaft, Giridih

coalfield :—

Thickness of peridotite dyke, 4 feet.

Thickness of coked zone, 3 feet 6 inches.

NUMBIRID FROM TBI DYII OOTWAHDS.

1 a 1 4 5 s

Volatile matter (exclud

ing moisture.)

Fixed carbon . ,

410

6463

489

74/3$

6-40

71 79,

6-8o

80-69.

»S4S

Z4/3I

80-71

67. 4$

Ash ...» 31-87 flo-7S ar3i 12-51 10-24 11-83

Total 1co-op 100-00 100-00 100-00 100-00 100-00

Doesnotcake. Ash,lightbrown.

Doesnotcake.
Ash,lightred

dishbrown.
Doesnotcake.

Ash,lightbrown.

Doesnotcake.
Ash,lightred

dishbrown.

Cakes,butnot

strongly.

Ash,lightred
dishbrown.

Cakesstrongly.
Ash,lightbrown.
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Series B.

48. Specimens taken from lower seam on northern side of No. 7 Jogitand

shaft, Giridih coalfield :—

Thickness of peridotite dyke, 3 feet.

Thickness of zone of altered coal, 3 feet.

Nuubirid raou TBI Diss outwards.

•
1 1 3 « S a

Volatile matter (exclud 5-31 495 671 484 801 19-10

ing moisture).

Fixed carbon . 7iS« 7284 7770 8339 787a 5943

Ash .... 3318 33-21 •5-59 11-87 13-27 31-47

Total 100*00 ioo-oo 10000 100-00 I OOOO IOO OO

i i
« t>

z

1

■as 0

1 s

c

s s
•s

0
■s

1 1 . a
*i 0c a a

|i
i

9
01
0

■ ■
0B

0
O

Q aQ a 0

49. An examination of these assays leads to the following general con

clusions :—

(1) There is a loss of bituminous matter as the igneous rock is approached.

(2) The fixed carbon at first increases in proportion to the loss of the

volatile constituents until close to the dyke the fixed carbon again

decreases, which we presume to be due to its oxidation and replace

ment by inorganic bases.

(3) The ash increases in percentage as the dyke is approached, and this in

crease is far greater than would be due to the simple removal of vola

tile matters (vide infra, para. 52).

50. These conclusions are more uniformly illustrated by considering the aver

ages of assays of adjacent pairs of samples and compared as follows with a sample

of unaltered coal from the same seam :—

Series A.

NOMBBRKD rSOtl THE DYRB OUTWARDB.

1 and 1. 3 sod «. 5 and «.

Two specimens
at 4 'est from

dyke.

Specimen at
10 feet from

dyke.

Volatile matter

Fixed carbon .

Ash t • • •

V49 660

7624

17 16

1808 2212

6660

II -28

2470

6599

9 31

<5o'5o

2601

7089

1 1 '03

I OO OO ioo-oo ioo-oo IOO-OO I OO OO

Do not cake Do not cake. Cake. Cake strong

ly-

Cakes

Strongly.
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Series B.

Two apecimena
at 4 feet from

dyke.

Specimen at
10 feet from!

dyke.
1 and a. 3 and 4- 5 and 8.

Volatile matter . S'3
7218

2269

577
8050

I3'55

69-08

26-40

6665

27-80

6616

604

Fixed carbon .

Ash .... X373 1737 6-95

10000 I0OOO 100-00 1 0000 I0O-OO

Do not cake. Do not cake. No. 6 cakes

slightly.

Cake strong-

'y- strongly.

100

 

Series A.

Fig. 2. Diagram showing variation'min composition of the coal to a distance of , eet

from the dyke.
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51. The following assays of specimens kindly supplied by Mr. F. J. Agabeg

from a coal seam invaded by peridotite in pit No. 2, Cheranpore colliery, Asansol,

show a similar series of results :—

No. 1. Average of 4
samples into which
reins of trap have

ramified near dyke.

No. a. Average of
2 samples outside
the former group.

No. 3. Unaltered coal
from the same scam.

Volatile matter .... 6-44

4937

H/55

6986

3'-40

S8-6S

99544-19 l8S9

«

locroo ioo-oo lOO'OO

52. If the increase in the percentage of ash were due simply to proportionate

removal of the volatile constituents, we should expect a maximum in each case as

follows :—

Series A:— 137 per cent. Ash

,, B:— ...... 88 „ ,, „

Cheranpore :— • . . . . 13*2 „ „ ,.

Whereas we have 31*27, 23-18 and 44-19 per. cent, respectively.

Sir I. Lowthian Bell in discussing the origin of the bases in the "white post"

lying above the basalt in Durham colliery considers that

bases are sublimated from the highly heated basalt at

the time of its intrusion in the molten state. 11 Whilst this

may have taken place in the case of our still more highly heated peridotites, we

consider that in this particular case the largest portion of the inorganic material has

been introduced subsequent to the consolidation of the igneous rock by infiltration

of solutions into the coke which is naturally more vesicular where it has lost most

of its bituminous matter. The peridotites are all highly decomposed in the small

dykes and on the selvages of the larger masses, and the deposition of rhombohe-

dral carbonates and quartz in place of the original olivines is sufficient evidence of

the re-arrangement of bases which has been brought about in the rock by secondary

causes since consolidation.

Increase of Ash per

centage.

Contact-Metamorphism of Sandstones.

53. About the most remarkable amongst the effects of contact-metamorphism

are the changes produced in the Barakar sandstones. Har-

pafhiclrsnandstonesFelS" dening of the sandstones is common enough wherever they

come within range of the peridotite sheets, but in some

places, where the sandstones are felspathic and with partially kaolinised felspars,

there has been a partial fusion produced, with the result that the quartz and

felspar crystals have been rounded and corroded in bays and inlets like the

phenomena so common in the rhyolitic lavas. The glass formed by the fusion is

crowded with radially arranged microlites, and generally so strikingly recalls the

11 Proc. Soy. Soc, Vol. XXIII (1875), p. 543-
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appearance of a rhyolite that we found it necessary to reassure ourselves by repeat

ed field examination that we had not by chance sampled a hithetto undetected

acid laya-flow. There is no doubt, however, about the nature of the rock with

which we are dealing. It can be traced out to sandstones which are merely baked

or fritted and thence to the loose characteristic Barakar sandstones with decom

posed felspars. The signs of fusion discovered by the microscope are after all

only in agreement with other evidences which point to the very high temperature

of the peridotite intrusion, and taking this fact in connection with the tendency of

this peridotite to spread in sheets amongst the sedimentary rocks, we see an

explanation for the beds of hardened sandstone which so puzzled earlier observers

that they were often described by the vague term " trappoid sandstones " and have

even been considered "traps" —a blunder the more easily made by the field-

worker from the way in which these hardened sandstones form ridges running

across the country and breaking with a cuboidal jointing so common in trap-flows.

54. It is interesting to note that Mr. Hughes also, as long ago as 1866, explained

the occurrence of similar hardened ridges as the result of "trappean action" in the

Jherriah coalfied, where they also show a columnar structure. 18

We have figured and described a slide showing the results of the partial fusion

of a sandstone which is associated with the peridotite plexus of Bhaddoah hill

(plated,' fig. 6).

15" .

K V.—SUMMARY OF RESULTS.

55. The igneous rocks of the Giridih area may be divided into two groups :—

itX.—Eurites and pyroxene-plagioclase rocks which were intruded amongst

the crystalline rocks before the deposition of the strata of the

Damuda epoch.

2nd.—Mica-peridotites and basalts which have invaded the Damuda series.

56. The pyroxene-plagioclase rocks have undergone two sets of changes. On

the north of the coalfield they have passed into uraliie-dioriles and epidiorites with

the formation of much scapolite. On the south they have changed into epidiorites,

and hornblende-schists without the development of scapolite.

57. The statical metamorphism of the plagioclase in the plagioclase-augite

rock probably took place at the time of the intrusion of the apatite -bearing mica

peridotite, and the subsequent dynamical metamorphism attended with the develop

ment of scapolite was probably contemporary with the formation of the great boundary

faults of the coalfield.

58. The mica-peridotites are remarkable for the large quantities of apatite they

contain, sometimes amounting to over 1 1 per cent. These rocks are post-Damuda

though pre-Rajmahal in age. They form long narrow dykes in the younger strata

and spread out in wide sheets at greater depths.

59. The basalts occur in wider dykes breaking across the peridotites and are

regarded as the underground representatives of the Rajmahal lava-flows.

60. There is a striking parallelism between the post-Damuda intrusions of

Bengal aud those invading the Gondwana rocks of South Africa, where the diamond*

bearing peridotite of Kimberley is succeeded by enormous outflows of basalt.

61. The effects of contact metamorphism of the mica-peridotite are far more

" Mem. Geol. Sutv. Ind., Vol. V, p. 323.
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striking than those of the basalts, although the latter form very much thicker dykes.

The former rock we conclude was introduced at a very much higher temperature.

62. Amongst the contact effects the partial fusion of the felspathic sandstone

is a feature woithy of record. During the coking of the coals the loss of bitumin

ous matter has been accompanied by a more than proportionate increase in the

percentage of ash, the additional inorganic material having been introduced by

infiltration into the vesicular coke of salts in solution subsequent to the consolidation

of the igneous rock.

VI.—EXPLANATION OF MAP AND PLATE.3

Map.—The stratified rocks (Talchirs and Barakars) are confined to a basin,

shaped depression of about 1 1 square miles with two inliers of crystalline rocks

(shaded in pink) in the north-west corner. Outside the boundary of the sediment

ary rocks, which are sometimes cut off by a fault and sometimes limited by a

natural boundary, the country consists of various crystalline rocks, felspathic gneiss

and mica-schists being specially common. Quartz veins and veins of coarse gra

phic granite frequently occur in these. The direction of foliation of the crystalline

rocks varies within small limits, but generally conforms to the direction of the main

faults which bound the coal-field on its northern and southern margins, beside*

dividing it in a parallel direction near the centre. The northern boundary fault

coincides for some distance with a dyke of eurite, the face of which probably

affords a plane of low resistance. The position of the diorites has been marked

at Chepo Hill and Gujiadih on the south, at Bonkhoonju on the north, and at Paha-

ridih, Birwadih and Mongrodih on the east. Wherever these rocks are foliated,

the foliation is parallel to the general foliation of the crystalline series around, and,

consequently, to the direction of the great faults of the field. The diorite forming

the conical mass at Bonkhoonju is not foliated, but the gneisses dip on both sides

towards the hill, forming a syncline whose axis runs about east-north-east and

west-south-west {vide paragraphs 10—n). Catalogues of the peridotite and basalt

dykes are given in the text (paragraphs 33 and 37). Their position and names are

plainly indicated on the map. The positions of property boundaries (indicated

by thin lines joining the pillars) are shown for the purpose of finding in the field

any required outcrop, as some of the dykes are so small and decomposed that

they are not often easily detected.

Plate, series of photographs of thin sections under the microscope.

Fig. 1. Pyroxene-plagioclate rock from Mongrodih near Giridih. Magnified

x 20 diameters. The white felspars in long flat crystals are sur

rounded, with an imperfect ophitic arrangement, by augite. Some

of the pyroxene, probably rhombic in some cases, has formed very

fine mesh-work fringes on changing to hornblende and by reaction

with the adjoining felspars, which latter have consequently lost their

sharp outlines. Opaque iron-ores often occur in the patches of

granular hornblende and sometimes form the nucleus of a garnet

B
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aggregate. The change to green hornblende has taken place along

the margins of nearly all the pyroxenes, as shown by the large

crystal on the left.

Fig. 2. Epidiorile with scapolite. Mongrodih, near Giridih. Magnified x 20

diameters. The rock consists of a granular aggregate of hornblende

scapolite, felspar and quartz. The scapolite may be recognised

amongst the colourless constituents by the slight streakiness produced

by incipient decomposition. This rock occurs near the margins of

the mass of which fig. 1 represents the centre. The rock represented

by fig. 1 consists of pyroxene and plagioclase, the latter constituent

containing a series of cavities infilled with sodic chloride solution.

As the result of subsequent dynamical metamorphism, the ophitic in-

tergrowlhs shown in fig. 1 have been destroyed, the augites changed

into granular hornblende, and the mixture of plagioclase and sodic

chloride converted into scapolite with a small residue of clear felspar

and quartz.

Figs. 3 & 4. Crystals of plagioclase-felspar from the pyroxene-plagioclase rock

of Mongrodih. Magnified X 37 diameters. Fig. 3 under ordinary

light shows the bands of secondary inclusions of sodic chloride,

which, when viewed between crossed nicols (fig. 4), are seen to coin

cide with the planes of composition of the lamellar twins. The stati

cal metamorphism has thus resulted in the solution of the felspars

along the planes of composition, which are regarded by Professor

Judd as planes of chemical instability. The felspars in this rock

afford very striking illustrations of the production of this form 01

schillerization along the planes between the twin-lamellae (cf. Judd

Min. Mag., Vol. VIII (1889), pp. 189, 197).

Fig. 5. Epidiorile approaching hornblende-schist, Gujiadih, south of the Giridih

coal-field. Magnified x 20 diameters. This is one of the extreme

results of the metamorphism of the pyroxene-diorites, which, near

the southern margin of the coal-field, are changed into well foliated

hornblendic and granulitic rocks without the development of the

scapolite that so frequently characterises the corresponding types on

the north and east.

Fig. 6. Felspathic sandstone, partially fused by an intrusion of peridotite. Bhad-

doah hill, magnified x 20 diameters. The quartz crystals have

been corroded into bays and channels by the fused hydrated silicates,

and the cooling of the latter has given rise to radial arrangement of

black microlites precisely similar to those in the imperfectly crystal

lized matrix of many rhyolites.





GEOLOGICAL SURVEY OF INDIA.

R.D.Oldham. Records,Vbl-.XXVin.Pt.4-RS

 

FI6.1. SECTION THROUGH EAST END OF THE KHARARA OUTLIER.

Sb, Basal' Bed«. V, Vindhyan SP ,Porcellanites of ihe Sub Kumur series

P, Beds, older than Sub-Kaimur.

N.W. S.E.
 

FIG. 2. SECTION NORTH WEST OF BARHATA.

Lettering as in ffg\1.

 

FIG.3 SECTION AT RtOHT ANGLES TO 2

St aU of Secliont 2- I Mile.

Re£ Nc *71, Dlr , Geol Survey* -Stpi 95. -660. Imp E 1. O , Cfclcytt*



PART 4.] OLDHAM : Outliers of the Vindhyan System. 139

On some outliers of the Vindhyan system South of the Son and their

relation to the so called lower Vindhyans: by R. D. OLDHAM, A.R.S.M.,

F.G.S., Superintendent, Geological Survey of India (with plate 5).

It has long been known that the Vindhyan system proper is underlaid, in

Bundelkhand as in the Son valley, by a series of shales and limestones, regarded as

conformable to the overlying system of sandstones, though their true relationship

had not been fully cleared up. This series of shales and limestone was con

sequently accepted as a member of the Vindhyan system under the designation

of lower Vindhyan,

The earliest published reference to these rocks is in a communication by the

late Dr. T. Oldham to the Asiatic Society in 1856. In this the term Vindhyan

was first proposed1 for the system of sandstones and associated shales and lime

stones to which it is still applied. The beds below the Kaimur sandstone, which

were subsequently accepted as lower Vindhyan, are there separated from the Vindh

yans, under the name of ' Sub-Kymore,' a term proposed by Mr. H. B. Medlicott3

to cover all the rocks below the Kaimur sandstone.

The next reference to these rocks is in Mr. Medlicott's memoir on Bundelkhand,

where a very similar series of rocks is exposed in a corresponding position. The

name ' Sub-Kymore ' is abandoned and the series in question named Semri.8 Reasons

are given at one place1 for considering the Semri beds as conformable with the

Kaimur sandstone, but in other passages irregularities in the distribution of the

upper groups of the Semri series are described, which do not seem compatible

with complete conformity. Apart from this, the Kaimur conglomerate is said to

contain pebbles of the chert-like shale of the lower Semri groups.6 The observations

recorded indicate a relation between the Kaimur sandstone and the underlying beds

very similar to that which is found in the Son valley.

In the same volume the beds below the Kaimur sandstone in the Son valley are

referred to by Mr. J. G. Medlicott under the name of Sub-Kymore ;8 no details are

given, and, as in the original publication,7|the term was evidently used to include

rocks that are now separated as transition besides those which have come to be

called lower Vindhyan.

This term was first publicly used in 1869 by Mr, F. R. Mallet in his account of

the Vindhyan system8, or series as it was then called ; and in introducing the name

it is said that recent investigations had established the identity of ihe Semri series of

Bundelkhand and the Sub-Kaimur series of the Son valley, " at the same time estab

lishing their close connection with the formation hitherto known as the Vindhyan.

This connection, although close, is not sufficiently so to warrant our including both

in one series. Hence the latter are now called Upper Vindhyan, the Semris and

1 your. As. Soc. Bang., XXV, 251 (1856).

. 1 Ibid, p. 253.

» Mem. Geol.Surv. Ind., II, p 6 (i860).

4 Ibid, p. 13.

• Ibid, p. 28.1

• Mem. Geol. Sum. Ind., II, 138 (i860).

» Jour. As. Soc. Beng., XXV, 253 (1855).

8 Mem. Ceol. Surv. Ind., VII, 27 (1869).

E Z
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Sub-Kymores being distinguished as Lower Vindhyan"9 In the descriptive portion

of the memoir a closer connection is described than these words would suggest,

facts and arguments being detailed which would indicate a complete conformity

between the two series.10 These are, firstly, the parallelism of dip observed along the

boundary of the two series; and secondly, the absence of any signs of erosion on a

contact section seen in the Dargaoti valley. At the same time other observations are

recorded which are hardly compatible with complete conformity, but as it will be

necessary to recur to this subject further on, its consideration will be deferred for

the present.

In the first edition of the Manual of the Geology of India Mr. Medlicott's de

scription of the Vindhyan series follows that of Mr. Mallet so far as the Son valley

is concerned, and it is definitely stated11 that the upper Vindhyans in this area con

formably overlie the lower. This is to a slight degree qualified in another passage,1*

but the general impression left by the description is that there is no break of any

importance between the two, and that the lower Vindhyans, so called, form part of

the same great system of deposits as the upper.

When preparing the second edition of the Manual, I was struck by the indications

of an unconformity, which are to be found in the original descriptions, and though

the description of a region and system with which I had no personal acquaintance

was left unchanged, except for some condensation, I felt it necessary to lay more

stress on the possibility of an unconformable break between the two series and to

question13 the propriety of classing them together under one system.

Such was the state of our knowledge of these rocks till, during the last working

season, upper Vindhyan outliers were found south of the Son, which have an

important bearing on .the relation of the so called lower Vindhyans with the Vin

dhyans proper. The subject is far from worked out and the region is still under

survey, but some of the facts are clearly enough established to be worth publishing,

in view of the interest attaching to this system.

The existence of Vindhyan outliers in the Son valley south of the boundary of

the main area has long been known, and several are indicated on the map accom

panying Mr. Mallet's memoir, but they had always been regarded as belonging to the

so called lower Vindhyans.1* During the past season several of these have been

more or less completely examined, and it was found that they are of two

distinct types and belong to two distinct series. We have firstly patches of

unmistakable ' lower Vindhyan ' rocks, highly disturbed and folded or faulted among

the older transitions, and secondly outliers of much less disturbed and often nearly

horizontal sandstones and conglomerates, which in one place were found tc rest

unconformably on the beds of the ' lower Vindhyans.' From their degree of indu

ration these sandstones must be separated from the Gondwanas and, being younger

than the ' lower Vindhyans,' may be referred to some horizon of tbe true or upper

Vindhyans, which they resemble in lithological character and degree of induration.

» Mem. Geot. Surv. Ind., VII, 27 (1869).

10 Ibid, p. 46 fi.

11 Manual of the Geology of India, 1st ed., 1879, I, p. 81.

B hid, p 9°-

n Manual, 2nd ed., p. 98.

'< Mem, G<-ol. iurv. of Ind., VII, 45, Manual, 1st ed„ p. 70,
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We have accordingly south of the Son representatives of two series which to the

north are apparently conformable, and as it will be inconvenient to call these by

the same name, I propose, for the present, to resume the name of Sub-Kaimur for

the 'lower Vindhyans.'

The only outlier which has been completely surveyed is that which lies west of

the Samdin and south and east of the Son. Its position is indicated in the map

accompanying Mr. Mallet's memoir, and it is at once the most westerly and the

largest of those which must be ascribed to the newer series of rocks, or upper Vin

dhyans. Along its south-eastern margin a few small outlying patches of the same

series are found, but to the north none exist between it and the Gidela outlier of the

Kaimur scarp.

The outlier referred to is 12 miles long from east-north-east to west-south-west,

of irregular shape, varying from half a mile to three miles in width, about the middle

of which rises the Kharara G. T. S. Round the whole length of its boundary,

except for a couple of miles where this is faulted, the outlier rests in obvious

unconformity on the older underlying rocks. The rocks of which it is composed

consist essentially of hard sandstones, white or red, many of which resemble the

sandstones of the upper Vindhyans, more especially of the Kaimur group, though

the series as a whole differs in the large number of pebbles it contains and in the

frequent presence of a considerable proportion of felspathic material, whether as

distinct grains of felspar or as a fine-grained felspathic paste. The. pebbles are

mostly of white vein quartz, generally small and ill rounded or angular, scattered

through the sandstone matrix ; at times however and in certain beds, which are not

always at the bottom of the series, larger and better rounded pebbles are found in

such abundance as to constitute a conglomerate. When this is the case a con

siderable proportion are found to consist of a bright red jasper, and the rock then

resembles the descriptions of the Kaimur conglomerate.

Reserving more detailed description till a general account of the unsurveyed

area in Rewah can be given, there are two sections which may be referred to here.

The first of these is in the Samdin valley below Sejari village. Just below this village

the Samdin flows over a barrier of vertically dipping quartzites of the Bijawar type,

the layers being separated by papery films of micaceous iron ore. Immediately

north of this there is a thin layer of breccia, followed by conglomeratic sand

stone, hardly visible in the stream bed, but easily seen a short way off on either

side, followed by shales, by the porcellanic beds of the Sub-Kaimur series and

by sandstones above these, the ascending section being cut off by a fault with an

upthrow to the north. These Sub-Kaimur beds are at the western extremity of a

long narrow outlier which has been traced, with a width dwindling from a mile

and a quarter to nothing, for a distance of 25 miles to east-north-eastwards; the

southern boundary being throughout natural and the northern faulted.

West of the Samdin the Sub-Kaimurs form the slope of a hill, capped by the

eastern scarp of the KharaVa outlier, the relations of the two series being indicated

in the section No. 1 on the accompanying plate. This section is an absolutely

decisive one, establishing beyond possibility of doubt that the sandstones and con

glomerates of the outlier are distinct from those of the basal group of the Sub«

Kairmur series to which they have been referred in previous publications.16 The

" Memoirs, VII. 33.
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observations of these outliers on which all previous accounts are based appear

to have been made by Mr. Medlicott during a rapid march up the Son valley,

the only record of which is contained in a manuscript report. Speaking of this

Khardra outlier he says : ' On a first examination of this region from the north

side, as actually occurred to me, one is disposed to look upon the rock of

the high ridge as an overlapping remnant of an upper band of sandstone. For

some time I entertained the conjecture that it might even be an upper Vindhyan

rock.' This conjecture was abandoned for reasons which it is needless to detail

here, and the sandstones of the outlier were ultimately accepted as identical with

those of the basal group of the Sub-Kaimur series to the north, which, it must be

acknowledged, they very closely resemble. Had Mr. Medlicott crossed the section

in the Samdin, there can be no doubt that he would have adhered to his original

conjecture, for here it is impossible to regard the two as identical. The Sub-

Kaimur basal conglomerate and sandstone in the Samdin valley near Sejari is

very much thinner than the same rock at the boundary of the main exposure, not

five miles off; the thickness varies very much, but nowhere exceeds 100 feet,

and the rock itself is a dirty sandstone containing small and scattered pebbles.

The outcrop cannot be traced up the talus slope into actual contact with the

outlier on the hill slope : it seems in fact to be cut off by a fault, but it is found

within less than a quarter of a mile of the hard, clean, white, sandstones of the

hill top, at .whose base is a conglomerate containing numerous rounded boulders

of quartz and scarlet jasper as large as a man's head, cemented by a clean silicious

matrix. Even if these rocks did not rest unconformably on Sub-Kaimur beds, the

great contrast in thickness and character of the two sandstones and conglomerates

would leave no room for doubting their distinctness.

The other section to be considered is near the western end of the • outlier and

is interesting as showing the conditions under which the rocks composing the outlier

were deposited. North-west of Barhata village the sandstones do not rest directly

upon the older rocks, but are underlaid by a breccia composed of angular fragments

of the underlying slates, a few inches in diameter, through which are scattered blocks

of vein quartz running to as much as a foot in diameter. Towards its base this rock

is almost devoid of fine grained matrix, but it passes by a gradual increase of sand

and decrease of slate fragments into the overlying sandstone. The breccia, which

is evidently an indurated fan deposit, attains a maximum thickness of over 700 feet,

and is underlaid by a coarse conglomerate containing many ill-rounded pebbles of

jasper, and numerous white quartz pebbles of six inches and more in diameter,

besides darker and less conspicuous pebbles of quartzite, the whole being cemented

by a matrix of dark red sandstone.

The section just described is figured in No. 2 of the plate, but these rocks below

the sandstone do not continue along the outcrop to the east or to the west. The

conglomerate is the first to disappear, its whole extent being less than quarter of a

mile. The breccia extends further, but it too gradually thins out and disappears at

three-quarters of a mile to the eastwards and half a mile to the west, as is indicated

on the section No. 3, drawn at right angles to No. 2.

The explanation of these sections is evidently that the sandstones were deposited

on a deeply eroded surface. At the bottom of the valley we have a coarse conglo

merate deposited by a rapid torrent ; this is succeeded by a fan deposit which
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gradually filled up the whole valley, and was itself covered up by the sandy deposits

which obscured all the pre-existing irregularities of the surface, and converted what

was once hill a.nd valley into a broad sandy plain.

A similar lesson is taught by the Dddri outlier, about fifty miles east by north

from the eastern extremity of that just described. West of it there runs in an east

by north direction a ridge of vertical Bijiwar quartzites, which owes its prominence lo

the comparative softness of the rocks on either side. Just west of the boundary of

the sandstone outlier this is breached by a cross valley, but is continued on the

plateau as a low ridge, rising out of the sandstones on either side, which runs for

a couple of miles before being finally covered up. Here it is evident that the older

rocks had undergone practically all the disturbance they now exhibit before the

still nearly horizontal sandstones had been deposited, and had, besides, been

exposed to sub-aerial denudation for a period long enough to produce an uneven

surface in which the harder beds were represented by elevations and the softer

by depressions of the surface.

These remarks regarding the relation of the outliers to the older rocks apply to

the Sub-Kaimurs almost as much as to the transition rocks, for the amount of disturb

ance they have undergone in their outliers is great, and they had shared in the

same denudation to which the transition rocks were exposed. It would consequently

be difficult to find a more decided unconformity than that between the sandstone

outliers on the hill tops, and the Sub-Kaimur series in their proximity, and a ques

tion arises as to the age of the former. To this only one answer seems possible :

they are certainly of later date than the Sub-Kaimur series, and it would be pre

posterous to suppose that these indurated and ancient looking sandstones could be

the same as the soft sandstones of the Gondwana series. It would be almost equally

absurd to suppose they form a separate series of deposits by themselves not refer

able to any other in the neighbourhood, and the only alternative is to regard them

as outliers of the upper Vindhyans, for which they might easily pass. They cannot

be identified with any specific horizon of that series, and though they resemble the

Kaimur groups more than any of the upper sandstones, no importance need be

attached to this, as the points of resemblance are probably the result of their

being in either case the bottom beds of the series.

Accepting this identification, it would be natural to suppose that the facts give11

above would settle definitely the distinctness of the so called ' lower ' from the ' upper '

Vindhyans or Vindhyans proper. Such a conclusion must not however be too hasti

ly adopted. In the second edition of the Manual of the Geology of India I have

pointed out that the nature of the north-west boundary of the Vindhyans towards

the Aravalli mountains presents some analogy with that 0: the tertiary and recent

deposits of the Gangetic valley to the Himalayas, and suggested that the Vindhyans

may have been formed during the compression and elevation of that range from its

debris.16 Now along the edge of the Himalayas we have instances of upper

members of the tertiary series resting in unconformable contact on the upturned

and denuded edges of the lower ones, while not far off may be found a continuous

conformable section uniting the two. Similarly, it might be supposed that in the

Son valley we had the upper members of the Vindhyan system overlapping on to the

eroded edges of the lower beds, which had been involved in the mountain forming

** Manual, 2nd ed„ p. 103.



144 Records of the Geological Survey of India. [VOL. xxvn.

processes going on along the margin of the basin of deposition, and this uncon

formity at the margin need not be incompatible with a complete conformity of the

two further away from that margin.

There is, however, one flaw in the analogy, which appears to be a serious one.

Along the southern margin of the Himalayas the general dip is northwards, and the

outliers of the tertiary beds have for the most part a natural boundary to the south

and a faulted boundary to the north, the upthrow being on the north, or mountain,

side of the fault. In the Sub-Kaimur outliers the conditions are reversed, the natural

boundary is to the south, the faulted are to the north, that is to say, both dip and

upthrow are away from what should have been the mountain range and towards

the basin of deposition. These facts point to the period of disturbance as having

been altogether anterior to, and not contemporaneous with, the deposition of the

upper Vindhyans ; and if we add to this the indications that are to be found in the

published description, and still more so in manuscript reports, of both overlap and

transgression along the southern boundary of the main area of the Vindhyans, it is

at any rate conceivable that there is a real unconformity there, in spite of the ap

parent conformity, on individual sections, which has been recorded.

The final settlement of this question must await a re-examination of the boundary

of the Vindhyans proper, at present the case for the inclus'on of the Sub-Kaimur

series with them has been greatly weakened, and until we have more positive evi

dence of conformity along the main boundary of the two, it will be well to abandon

the question begging name of 'lower Vindhyan' for the Sub-Kaimur series.

Notes on a portion of the Lower Vindhyan area of the Sone Valley,

by P. N. DATTA, B. Sc., F. G. S., Geological Survey of India.

The area, on the examination of which these notes are based, is that portion of

Area defined ^ ^ewan State in Central India which extends on the one

hand from the Kaimur Range on the north to the Sone

river on the south, and on the other from the stream by Hinaota, 12$ miles W. by

S. of Ramnagar on the west to the neighbourhood of Churhat on the east.

The rocks of the Sone Valley designated ' Sub-Kaimur ' by Mr. Medlicott and

The Lower Vindhy- regar(kd as the equivalent of his ' Semri ' system of the

ana of the Sone Valley Bundelkhand area, have been described by Mr. F. R. Mallet

as ^classified by Mr. as tne Lower Vindhyans. In his memoir on these Lower

Vindhyan rocks of the Sone Valley, Mr. Mallet arranges and

classifies them into the following 'sub-divisions'1 :—

(Descending order.)

it. Limestone.

10. Shales.

9. Limestone.

8. Shales, sandstone.

7. Limestone.
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6. Shaly sandstone.

5. Porcellanic shales.

4. Trappoid beds.

3. Porcellanic shales.

2. Limestone.

I. Conglomerate and calcareous Sandstone.

From the inconstancy of some members of the Lower Vindhyan rocks and the

The classification of aDsence 01 such well-defined divisions as are noticeable in

the Lower Vindhyans, the Upper Vindhyans, the Lower Vindhyans have not been

as now proposed. regarded as susceptible of arrangement into well-marked

divisions like the Upper Vindhyans. From the detailed examination of the portion of

the Lower Vindhyan ground under notice, however, it seems quite feasible to classify

the rocks into the following well-marked divisions :—

(In descending order).

IV. Rhotas division.

III. Kheinjua division.

II. Porcellanic division.

I. Conglomeratic division.

The term ' Rhotas ' has been suggested from the ancient fort of Rhotasgurh1,

Origin of the division- while 'Kheinjua'* has been proposed from the Kheinjua

al names. Hills which show these rocks. I propose the name

' Porcellanic ' for the next underlying division of beds from the prevailing and well"

marked porcellanic character of the rocks. From the absence, in this limited area,

of a particular locality or land-mark where the beds which underlie the porcellanic

division and form the base of the system, are well shown, I am at a difficulty to

suggest at present a more suitable name than that of ' Conglomeratic ' for these

beds forming the bottom division of the system. We might name the division from

the well-marked range which occurs between Saria and Bela, marking the edge of

the basin and exhibiting well the bottom conglomerate and quartzite. But unfor

tunately the range is not named in the map at all. Hence the term ' Conglomeratic '

has been chosen provisionally.

Thus we have the Lower Vindhyans classified into the following four

divisions :—

IV. Rhotas division, including Nos. II, 10 and 9* of Mr. Mallet's ' sub-divisions.'

III. Kheinjua „ „ „ 8, 7 and 6« „ „ „

II. Porcellan'C » n 11 5s 4 **nd 3' 11 11 1,

I. Conglomeratic „ „ a and I* „ „ „

Distinctive characters of the different divisions.—While the Rhotas division is

Distinctive charac- mostly calcareous— it is entirely so in the area under

te« of the several notice,—and the Kheinjuas are essentially argillaceous

divisions. shales with sandstones, the peculiar feature of the beds

1 Mem. G. S. I.. Vol. VII, p. 28.

Manual, 1st Ed, Pt. I, p. 78.

„ 2nd Ed., p. 95.

1 This term appears to have been first adopted on the field maps of Mr. W. L. Willson,

late of the Geological Survey.

* Mem. G. S. I. VII, pp. 28, 42, 43.

' •• h pp. 28,38—41.

* ii II » PP. 28, 3S—38.

' •> .. » pp. 38,31—35.



146 Records 0/ the Geological Survey of India. [vol. XXViii.

composing the Porcellanic division is indicated by the name itself. The bottom

division is mainly arenaceous, the calcareous and argillaceous element being

present only to a very subordinate extent.

IV.—Rhotas Division.

In the area under notice the shales No. 10 of Mallet's are nowhere developed.

„. . .... Thus the division bed consists entirely of thin-bedded

Rhotas division. ,. _,
limestone. The bottom beds of the division exhibit a

tendency towards concretionary character, well formed calcareous concretions being

often developed.

Crystals of quartz have been found developed in the drasy cavities in the lime

stone in some places.

Much local puckering and crumpling is observable in these thin-bedded lime

stone beds, but the topmost beds—those by the junction with the Kaimur beds—

show no evidence of disturbance.

III.— Kheinjua Division.

The sub-divisions 8, 7 and 6 make up this division. But in the area under

Kheinjua division. consideration it is divisible into the following well-marked

Sub-divided into 8
series. series :~

(In descending order.)

i. Argillaceous shales, Containing calcareous concretions with intercalat

ed limestone beds. Arenaceous element almost absent,

ii. Limestone band—

Limestone pure ; no arenaceous or argillaceous element present.

iii. Shales—Arenaceous and argillaceous, with thin-bedded sandstone ;

ripple-marked ; no calcareous beds.

iv. Limestone with shales—

Limestone very impure and ripple-marked ; shales reddish, some

times calcareous, at other times not.

v. Shales—

Arenaceous and argillaceous ; much ripple-marked, and with quart litic

thin bands of sandstone,

vi. Sandstone —

Thick-bedded, compact and quartzitic.

vii. Limestone with shales—

Limestone purer than No. iv; shales greenish and non-calcareous,

viii. Shales and sandstones—

Sandstone generally thin-bedded ; shales greenish and laminated.

Of these series ( i to viii ) the limestone No. ii has been traced as far as

Rampur, where it dies out. The series No. iv persists

wi«f oVVhesevera^cal- throughout the area, while the limestone vii is not traceable

careous series in the beyond "Ucheyra" of map, near Marjatpur; but a

dlvlslon* limestone appears again about this horizon at 2 miles S. E.

by S. of Rampur (Lat. 24°io/ N., Long 81° 32'-5 E.) and continues eastwards,

becoming concealed under the alluvium at the eastern extremity of the area.

II.—Porcellanic division.

This division is divisible into—

Divided into three Upper Porcellanic shales, corresponding to No. 5 of Mallet,

sub-divisions. Trappoid beds „ u 4 n t<

Lower Porcellanic shales „ ,, 3 » »i
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Looked at broadly, the bulk of the division is composed of the fine-grained

porcellanic shales, and in their midst, and rather nearer the base than the top, we

find a band of coarser rocks to which the name " Trappoid " has been applied.

The upper porcellanic shales have a considerable quantity of ordinary argillaceous

shales, very little altered, intercalated in them. The " trappoids " are thoroughly

well bedded, in beds often of the same thickness as the porcellanic shales They

do not lorm a well definable band by themselves, but occur intercalated with the

finer-grained porcellanics. The trappoids are generally of a bluish color, but vary

in fineness of grain, some being like exceedingly fine-grained quartzites, while

others are much more coarse and gritty, with the quartz grains generally rounded.

Felspar is present, but is scarcer in certain parts than in others. No hornblende

could, however, be detected in the area under notice.

I._CONGLOMERATIC DIVISION.

0MP ( No. I. Conglomeratic and calcareous sandstone.

As no exposures were available in the area in question for a minute examination

F ther subdivision °* ^ constituents of Mr. Mallet's •' subdivision' No. 1, viz.,

yet impracticable from tne conglomeratic and calcareous sandstone, the ' subdivi-

want of good exposures sion ' has been allowed for the present to stand as it was.

in us area. ^e ]jmestone, coming in just above the conglomeratic

and calcareous sandstone, does not seem very prominent or remarkable in any way,

but on the other hand seems to be of a very inconstant and variable character. So

it seems preferable to take in the Limestone No. 2 with the * Conglomeratic and

calcareous sandstone ' beds, and form the two into one division. It seems all the

more reasonable to do so, as we find it stated that the lowest two ' subdivisions '

(viz., No. 2 Limestone and No. 1 conglomeratic and calcareous sandstone) appear

to be in some measure equivalent to each other7, a conclusion presumably based on

an examination of the rocks over the whole area.

Although for want of suitable exposures in this area a proper subdivision of the

General composition division has not yet been possible, the following is the

of the conglomeratic general composition of the division. The limestone

division. (limestone " No. 2 ") passes into a dark bluish earthy rock,

ferruginous in places ; shale, sandstone with quartz and ferruginous bands and

quartzitic sandstone, light to dark grey and fine-grained to coarsish, are next seen,

while lower down, ferruginous calcareous beds with pale greenish shale passing down

into a greenish argillaceous shaly sandstone come in close above the quartzite

which forms the range between Bela and Sana. This quartzite, which is thick-

bedded, compact and hard, and reddish to white in colour, has hardly any pebbles in

its upper part, but becomes conglomeratic in the lower part, the pebbles being of

white and reddish quartz, red jasper and quartiite.

~ 1 v... 1 .1. All these divisions, IV to I, which make up the LowerConformability of the JL ' • r

several divisions of the Vindhyans, are conformable to one another. As to the

Lower Vindh yans ^and relations of the Lower Vindhyans ( 1 ) to the rocks that under-

"hyans. ° PPef " ue tne system and (a) those that overlie the system :—

' Manual, and ed., p. 95.
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(1) The lower junction of the bottom conglomerate (division I) of the Lower

Vindhjans (or Serari) rests unconformably upon a gneiss in the area

under examination.

(2) The upper junction of the Lower Vindhyans (that is, the Kaimur-Rhotas

junction) has been stated to be unconformable on these grounds :—

(a) That the Kairaur beds overlap the Lower Vindhyans.

(b) The occurrence of Lower Vindhyan debris in the Kaimur beds

100 ft. or more from the base of the Upper Vindhyans 8

(*) The existence of a sharp line of division between the Kaimur and the

Rhotas, especially in the sudden and abrupt change from the fine

grained deposits of the Rhotas to the coarse sandstone of the

Kaimur.*

With reference to the unconformity from overlap, it is apparent that overlap

Overlap does not need not alwavs impty unconformity. The existence of

necessarily prove un- overlap would not by itself prove any unconformability if

conformity. unsupported by other evidence.

As to erosion-unconformity. The occurrence of Lower Vindhyan debris 100 ft.

Denudation uncon- or more above the base of the Kaimurs has found neither

formity. confirmation nor negation from my personal observations in

this area. For, though in the course of my examination, I cannot say I could

detect any such Lower Vindhyan debris in the Kaimur beds, it must be remembered

that the slopes of the Kaimur scarp in the area in question are exceedingly un

favourable for close examination. The Kaimur conglomerate is absent in this area.

Whenever the state of exposure allowed an examination of the ground to be

No Kaimur-Rhotas rnade, I never succeeded in coming upon a contact of the

contact proving erosion Rhotas limestone with the rocks above indicating erosion-

could be detected here. unConformity. The shales10 overlying the Rhotas lime

stone certainly seemed thicker in some places than in others, but whether

this was due to the original variability in the thickness of the shaly

deposit, or to denudation of the underlying limestone rock in places (where the

accumulation of shales would thus be greater than elsewhere) before the deposition

of the shales, or to local depression in the rim of the basin which would thus take

out of sight some of the lower beds, it was difficult to make sure. Should there

have been denudation in the case, the contact between the limestone below and the

shales above ought to show evidence of erosion somewhere or other. But although

1 did not succeed in coming upon an exposure proving the denudation of the

limestone before the deposition of the shales, this does not of course disprove its exist

ence, having regard to the nature of the ground.

There is certainly much evidence of disturbance in the beds of the Rhotas

Disturbance of Rho limestone, often in close vicinity to the base of the Kaimurs

us limestone not ante" which are, however, quite undisturbed. That the Rhotas

rior to deposition of the limestone might have been disturbed and contorted

Kaimurs. before the deposition of the Kaimurs is contradicted by

8 Mem. G. S. I, VII, pp. 47 ar>d 5° ; Manual, 2nd ed., p. 99.

• Mem. G. S. I., VII, p. 47 i Manual, and ed., p. 99.

M These are the Bijaigarh shales in all probability.
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the invariable complete parallelism of the topmost Rhotas limestone with the

Kaimurs, which has been observed in this area wherever a clear point of junction

has permitted an examination.

With regard to the unconformity as inferable from sudden change in lithologi-

As to unconformity cal character from the Rhotas into the Kaimur beds, the

from abrupt change iu examination of this junction in the area under report has

lithological character. been found t0 be attended with circumstances of COnsider.

able disadvantage, for the debris from the steeper parts of the Kaimur scarp form in

most places a talus along the lower slopes of the scarp, rendering it a most difficult

task to come upon an exposure showing a clear point of junction of the Rhotas

limestone with the Kaimur rocks. The following are some of the localities where

the sections at or near the junction were found to be instructive.

Gursari ghat.—Here the siliceous shales11 (the shales that overlie the Rhotas)

_ - . are seen t0 P*83 normally into the Kaimur sandstone of the

Section at Gursari _ r^. . , ., , , ... „.
ghat. scarP- The junction of the shales with the Rhotas is,

however, concealed here.

Scarp-slopes by Hittaota.—(Approximate position, Long. Sr' lo/E.Lat 24-° 18'N.).

0 .. . „. , The exposure here too is not perfect, but the Rhotas
Section by Hinaota. ,. . „

limestone seems to pass into a fine-grained homogeneous

shale which, when freshly broken or exposed, is green, but turns bluish chalky white

on exposure to the air. Such a rock is what we should expect to meet with as a

passage rock from a limestone. For a little space up the slopes, above the foregoing

shale, the ground is covered, but the shales that are exposed a little higher up are

somewhat siliceous, and these pass above into the thick-bedded sandstone of the

Kaimur scarp.

toot of scarp-slopes, N. W. Daorahra.—Neai Boorgaona. The homogeneous

shale referred to as being met with in the last mentioned

Exposure by Dao- locality is also exposed here. But neither the junction of

ra ia" the Rhotas limestone with this shale, nor the passage of this

rock into the siliceous shales and sandstone above, is traceable here.

Scarp-slopes N. W. of Majgama.—lht foot of the spurs is occupied by the

Rhotas limestone. A little way up (i.e., after a short blank

Section by Majgama. section) a finely laminated soft shale, white, grey to blackish

is seen (the shale is occasionally blackish enough to look carbonaceous). These

soft shales pass upwards into shales somewhat harder, the colour being yellowish to

brownish-grey, with a faint approach to a porcellanic look." Beyond this point a talus

of sandstone obscures the section, but the thick-bedded sandstone of the scarp is

close nbove.
Section at' Reiwas HtU.—{*\ miles N, by E. of Rampur,

Hill. Lat. 24°24' 5 N, Long. 8i°33'E.) At the S. E. extremity of

this hill, although the exact point of junction (Kaimur-Rhotas) is not to be seen, the

uppermost Rhotas limestone as well as the shales above are well exposed. Just

above the uppermost limestone, a few feet of blank section covered over with shale

debris, intervenes, beyond which occurs a laminated shale, somewhat blackish

a The shales coming in immediately above the Rhotas limestone in this area are probably

Bijagarh shales, as already indicated.

n One is here reminded of the circumstance that south of Saranga, near Mirgaoti, we

find a limestone passing down through a white earthy rock into a porcellanic shaly rock.
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in colour in places, and very slightly, if at all, siliceous. This shale is succeeded

by some more shales which are earthy and somewhat porcellanic. Over these

comes in the thick-bedded sandstone. The dip of the limestone as well as of the

shales above is N. 1 50 W. at 1

In all these instances not only is a perfect conformity observable between

The above sections show conform!- the Rhotas limestone and the Kaimur beds,

ty, and indicate gradual passage. but also a gradual passage indicated from the

one into the other.

Thus so far as the materials at hand will enable one to judge, this is what we can

Conclusions with regard to upper conclude with regard to the Kaimur-Rhotas

boundary of the Lower Vindhyans. junction in the area under notice—

1. That no dip unconformity is observable along this junction, but On the contrary : —

2. Wherever the section is fairly clear, there exists a complete dip conformity between the

Rhotas limestone and the Kaimur rocks.

3. That no physical break in the form of abrupt change in the lithological character of the

rocks is to be observed, but, on the other hand, from the few cases where the sections

have been found to be tolerably clear, the indications all point in the other direction

namely, that there is a physical continuity in the passage from the Rhotas into the

Kaimur beds above.

In conclusion, it may be observed that if the shales which come in immediately

above the Rhotas limestone are the Bijaigarh shales, then the
Lower Kaimur sand- , . ' f . *

stone absent in this Lower Kaimur sandstone, as well as the Kaimur conglo-

merate, is absent in this area. How far, however, the

absence of the Lower Kaimur sandstone may be accounted for by the supposition

that the lower part of the Bijaigarh shales may represent here the Lower Kaimur

sandstone, that is, how far the case may here be one of only normal lateral replace-

lts absence may be ment is a matter that can only be decided after more ex-

due to normal lateral tended observation. The conglomerate, however, though

diSPhasbalest by Bl*"" is absent nere' certainlv indicates a physical break. The

gar ' occurrence of the conglomerate, however, above the Bijaigarh

it K i ur con sba^es carries the break to the base of the .Upper Kaimur

glomerate proves no beds, that is, some way up from the Rhotas-Kaimur junc-

break at Rhotas-Kaimur tion. So the conglomerate as an evidence of a break is

junction. not qj mucj, account so far as the horizon of the boundary-

line as hitherto assigned between the Upper and Lower Vindhyans is concerned,

being placed, as it is, some distance above it.

♦

Note on Dr. Fritz NOETLING'S paper on the Tertiary system in Burma

in the Records of the Geological Survey of Indta for 189$, Part 2:

by Mr. THEOBALD, late Superintendent, Geological Survey of India.

Having read with much interest the above paper, there are a few remarks I

should like to make, as in one case the author attributes to me, as a " logical out

come" views I never contemplated for a moment, and in another matter it seems
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desirable to elicit more clearly than at present whether Dr. Noetling's correction of

a previous statement of mine, really can claim to be any correction at all.

I make no objection to Dr. Noetling terming the beds previously named by me

"Fossil wood group," the Irrawaddi division, although I cannot agree with Dr.

Noetling that the name bestowed by me was "by no means appropriate," because

Fossil wood was found abundantly in certain post-tertiary beds also. The term

proposed by myself emphasized and pointed to the fact that in the beds so called

the Fossil wood existed in situ, and that they were the original depository of the

Fossil wood, which in the newer beds was simply derivative and the result of there-

arrangement of the materials of the Fossil wood group proper.—(p. 76 1. a). At page

83, Dr. Noetling takes exception to a suggestion of mine that the silica with which

the fossil trunks of trees had been mineralized might have been derived from

springs discharging into the water, wherein I supposed the trees to have floated

prior to their entrenchment. " The logical outcome of this theory is that, wherever

a single specimen of a silicified log is found in silu, we are bound to suppose that

just underneath that very log a spring rose in order to petrify it, and having done

its work, disappeared without leaving behind it any other traces of its activity."

Now Dr. Noetling is fully justified in calling this absurd, but he is wholly wrong in

calling it the " logical outcome " of anything I said, wrote or thought in the matter 1

The silica may or may not have been supplied by springs as I suggested, but all

I had in my mind was the precisely analogous case of the flint in chalk which was

clearly nascent or in solution in the cretaceous sea, and in its gelatinous condition

gathered round and mineralized any organic substance lying fortuitously at the

bottom, as I supposed the silica to have done in the water wherein the fossil trunks

in the 'Fossil wood group ' as I termed it, did in the waters wherein they floated—

before their ultimate mineralization. At page 84, Dr. Noetling makes an important

correction of a statement of mine, where he says that Mr. Theobald's " statement that

the silicified wood is never bored by Xylophagus mollusca is absolutely erroneous."

Of course I am glad to be corrected in a mistake of this kind, but in this case I am

not so sure if Dr. Noetling has corrected me I By referring to my Report

(Memoirs, Vol.X, p. 66) it will be seen that the fossil wood to which I refer is that

of the " silicified trunks " which Dr. Noetling admits are embedded in a freshwater

formation (p. 86, 1. c.) as instanced by the absence of marine organisms. The

question hence arises, does the fossil wood of which Dr. Noetling says he has

" repeatedly found large pieces riddled by the borings of these mollusca " refer to

the silicified trunks, to which my statement referred, from the topmost division of

my ' Fossil wood group,' or does it refer to logs of fossil wood from the marine beds

of Dr. Noetling's Pegu group, as if so it ceases to be a correction of any statement

of mine whatever ? I have not myself noticed in Pegu any perforated wood what

ever, but that such should occur in beds of the character of the marine beds of the

Pegu division of Dr. Noetling is of the highest probability, but as matters stand it

seems by no means evident that my assertion touching the silicified trunks 'of my

' Fossil wood group ' has received any real correction from any observation of Dr.

Noetling—at least within the area to which my remarks were confined—it being of

course quite possible that the homologous beds of the Fossil wood group of Pegu

might in Upper Burma be represented by beds of an estuarine character rather than

a lacustrine or fluviatile one, in which case Dr. Noetling's observation would be

perfectly correct, without implying any correction of my own.
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Notes from the Geological Survey of India.

I. Madras.— Mr. Middlemiss reports having met several corundum pits in the

Sivamallai district of Coimbatore, and in some of these shallow pits magnetic iron

ore also appears, concentrated into lumps among the felspar, forming a rich rock

with a specific gravity of 3 95. Magnetic iron ore was found as a schist and

standing up as a small hill near Hallagomallai. The same rock was also found

forming the [Chinnamallai (Sennamallai) hill-range near Peranturei, the strike in

the rocks coinciding with the long axis of the range.

Mr. Middlemiss also examined the extensive marble beds near Madukarai,

which are regularly banded with the ordinary gneisses of the area, and with which

they seem to be in structural connection. The deposit appears on the Coix-

batore-Madukarai road near the 6th milestone from the former place ; its out

crop is roughly elliptical, the major axis running NE to south-east from the point

mentioned to within \ \ miles of Kurichi village. The total length of the outcrop is

about 7 miles, and the breadth varies from \ mile to 50 or 100 yards. It is

thickest on the north-west and north-east sides. The marble is greyish white, dark

slate grey and flesh-coloured pink, and forms a very valuable building stone,

hitherto but little used locally.

//. Burma.—During the early part of this year Dr. H. Warth examined the

so-called Nanyaseik ruby tract in the Mogoung district ; the area selected by

the Burma Government and proclaimed a gem tract is about 80 square miles,

although Dr. Warth estimates the actual area over which gems are found in the

alluvial deposits as about 10 square miles only. His report will be published

hereafter, but the main facts are the following :—

1. He found, in parts of the district examined, sandstone without fossils, which

I believe to be the tertiary sandstone with coal seams mentioned by Dr.

Noetling (Records Vol. XXVI, Pt. 1, p. 28).

2. A series of acid igneous rocks, most interesting lithologically.

3. Granitic rocks which inclose beds of metamorphic (crystalline) limestone ;

the latter is of importance, as it is the original matrix of the gems. Dr. Warth is

of opinion that this limestone is the same and contains the same minerals as the

coarsely crystalline limestone found at the Mogok and Sagyin ruby mines in

Burma.

Good rubies and well-coloured spinels with some saphires have been found

in the alluvial deposits of the " Nanyaseik gem tract. "

III. Baluchistan.—Sub-Assistant Hira Lall surveyed geologically part of the

Mari and Bugti hills east of Sibi, and has furnished a report, which will eventually

be incorporated in the final Report on the Geology of Baluchistan ; it is of interest

to note that the great flexures into which the rocks of Baluchistan have been laid

are continued into these hills ; the sections seen are much the same as already

reported on from the country further west and north-west (Records, Vol. XXV,

Pt. 1, p. 18), and most of the beds from the massive jurassic limestone to the

upper Siwalik conglomerates have been recognized.

Calcutta ;

The 1st November 1893.

C. L. GRIESBACH, Director,

Geological Surrey of India.
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DONATIONS TO THE MUSEUM.

From ist November 1894 to 31ST January 1895.

Seven specimens of ozokerite, from Boryslaw, Galicia; 1 of slickenside in conglomerate

(magura sandstein), from Czarnoozeki near Krosno, Galicia; 1 of Oil-bearing

sandstone, from old shaft, Ober Hieroglyphen, Schiefer, Bobrka Oil-field near Krosno,

Galicia; I of Uiorite with iron pyrites, from Bussein bridge, between Somirx and

Dissentis, Vorder Rhine ; 1 Faceted pebble from the Boulder Bed of Mount Chel

Salt Range, Punjab ; 2 Striated pebbles from Kamsay's . " Glacial breccia,"

Abberley; 3 Limestone pebbles, pitted, crushed and scratched by earth movements,

from the Nagel Huh of the Molasse, St. Gallen, Switzerland ; 3 quartzite pebbles

facetted by natural sand blast, Copitz, near Dresden.

Presented by R. D. Oldham, a.r.s.m., f.o.s.,

Superintendent, Geological Survey of India.

Octahedral crystals of magnetite, from Shamsunderpur, Bankura District.

Presented by N. Belletty.

Specimens of mica from the Dhatu Mines, Pananoa hill, 5 miles S. W. of Nawadih,

E. I. R.

Prbsented by J. D. Jonbs.

ADDITIONS TO THE LIBRARY.

From ist October to 31ST December 1894.

Titles of Books. Donors.

Bronn, Dr. H. G.—Klassen und Ordnungen des Thier-Reichs. Band II, Abth. 3, lief.

17-18; and IV, lief. 36-37. 8° Leipzig, 1894.

Lbymerie, A.—Description Geologique et Palaeontologique des Pyrenees et de la

Haute-Garonne. With Map and Atlas. 8° Toulouse, 1881.

PERIODICALS, SERIALS, etc.

American Geologist. Vol. XIV, No. 2. 8° Minneapolis, 1894.

American Journal of Science. Vol. XLVIII, Nos. 285-288. 8° New Haven, 1894.

American Naturalist. Vol. XXIII, No. 273; XXV, Nos. 397,298 and 300; XXVI,

No. 302; and XXVIII, Nos. 333-335. 8° Philadelphia, 1894.

Annalen der Physik and Chemie. Neue Folge, Band LI II, heft 3-4. 8° Leipzig, 1894.

Annals and Magazine of Natural History. 6th series, Vol. XI V, Nos. 82-83. 8° London,

1894.

Athenaeum. Nos. 3490-3501. 40 London, 1894.

I
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Titles of tiooks. Donors.

Beiblatter zu den Annalen der Physik und Chemie. Band XVIII, Nos. 9-10. 8°

Leipzig, 1894.

Chemical News. Vol. LXX, Nos. 1816-1827. 8° London, 1894.

Colliery Guardian. Vol. LXVIII, Nos. 1759-1770, Fol. London, 1894.

Geological Magazine. New series, Decade IV, Vol. I, Nos. 10-1 1. 8* London, 1894.

Industries and Iron. Vol. XVII, Nos. '1131-1142. 40 London, 1894.

London, Edinburgh and Dublin Philosophical Magazine and Journal of Science. 5th

series, Vol. XXXVIII, Nos. 233-234. 8° London, 1894.

Mining Journal. Vol. LXIV, Nos. 3081-3092. Fol. London, 1894.

Natural Science. Vol. V, No. 30. 8° London and New York, 1894,

Nature Vol. L, No. 1298 to Vol. LI, No. 1309. 40 London, 1894.

Neues Jahrbuch fur Mineralogie, Geologie und Palseontologie. Band II, heft 3; and

Beilage—Band IX, heft. 2. 8° Stuttgart, 1894,

Oil and Colourman's Journal. Vol. XV, Nos. 170-171. 8° London, 1894.

Palaeontologische Abhandlungen. Neue Folge, Band II, heft 5. 40 Jena, 1894.

Petermann's Geographischer Mittheilungen. Band XL, Nos. 9-11. 40 Gotha, 1894.

The Editor.

Scientific American. Vol. LXXI, Nos. 9-20, Fol. New York, 1894.

Scientific American. Supplement. Vol. XXXVIII, Nos. 974-985. Fol. New York,

1894.

The Indian Engineer. Vol. XXI, No. 390 to Vol. XXII, No. 401. 40 Calcutta, 1894.

The Editor.

Zeitschrift fur Krystallographie und Mineralogie. Band XXIII, heft 4-6. 8° Leipzig,

1894.

Zeitschrift fur praktische geologie. Jahrgang 1894, heft 9-11. 8° Berlin, 1894.

GOVERNMENT SELECTIONS, REPORTS, etc,

India.—Annual Statement of the Trade and Navigation of British India with Foreign

Countries and of the Coasting trade of the several Presidencies and

Provinces in the year ending 31st March 1894. Vols. I and II,

No. 28. 4° Calcutta, 1894. Government ok India.

,, History of Services of Officers holding gazetted appointments in the Home,

Foreign, Revenue and Agricultural, and Legislative Departments,

corrected to 1st July 1894. 8° Calcutta, 1894.

Government of India.

,, Monthly Weather Review, June to August 1894. 4* Calcutta, 1804.

Meteorological Reporter to Government op India.

„ Register of original observations, reduced and corrected, June to August 1894.

40 Calcutta, 1894.

Mbteorological Reporter to Government op India.

„ Report on the administration of the Meteorological Department of the Govern

ment of India, in 1893-94. 4° Calcutta, 1894.

Meteorological Reporter to Government of India.

„ Selections from the Records of the Government of India, Foreign Department.

Nos. 312—313. Flsc. Calcutta, 1894. Foreign Department.

Punjab.—Gazetteer of the Lahore District, 1893-94. 8° Lahore, 1894.

Punjab Government.
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PART I.] Additions to the Library.

Titles of Books. Donors.

TRANSACTIONS, PROCEEDINGS, btc, OF SOCIETIES, SURVEYS, etc.

A delaidb.—Transactions of the Royal Society of South Australia. Vol. XVIII

8° Adelaide, 1894. Thb Society.

Berlin.—Verhandlungen der Gesellschaft für Erdkunde zu Berlin. Band XXI.,

Nos. 7—8. 8° Berlin, 1894.

„ Zeitschrift der Deutschen Geologischen Gesellschaft. Band XLV, heft. 4.

and XLVI, heft 1. 8° Berlin, 1894. The Soceity.

Brisbane.— Proceedings and Transactions of the Queensland Branch of the Royal

Geographical Society of Australia. Vol. IX. 8° Brisbane, 1894.

The Society.

„ Proceedings of the Royal Society of Queensland. .Vol. X, and Index to

Vols. VII to IX. 8° Brisbane, 1894. The Society.

Bristol.— Proceedings of the Bristol Naturalists' Society. New series, Vol. VII,

part 3, and List of Officers. 8° Bristol, 1894. The Society.

Brussels.—Bulletin de la Societe Royale Beige de Geographie. Annee XVIII,

Nos. 2-3, 8° Bruxelles, 1894. Thb Society.

Buenos Aires.—Boletin de la Academia Nacional de Ciencias en Cordoba. Tome

XII, Nos. 2—3; and, XIII, No. 1. 8° Buenos Aires, 1894.

The Academy.

Calcutta.—Journal of the Asiatic Society of Bengal. Vol. LXI1I, Part i, No. 3, and

Part 11, No 3. 8° Calcutta, 1894. The Socibty.

„ Proceedings of the Asiatic Society of Bengal. No. 8. 8° Calcutta, 1894.

The Socibty.

„ Proceedings and Journal of the Agricultural and Horticultural Society of

India. Vol. X. July to September 1894. 8° Calcutta, 1894.

The Socibty.

„ Records of the Geological Survey of India. Vol. XXVI 1, part 4. 8° Cal

cutta, 1894. Geological Survey of India.

„ Survey of India Department Notes for September and October 1894.

Flsc. Calcutta, 1894. Survey of India Department.

Cambridge, Mass.—Bulletin of the Museum of Comparative Zoology. Vol. XXV,

Nos. 7— 10. 8° Cambridge, Mass., 1894. Thb Museum.

Dehra Dun.—Spirit-Levelled Heights- No. 1, Burma, Season 1892-33. 8° Dehrä

Dun, 1894. Great Trigonometrical Survey of India.

Dresden.—Sitzungsberichte und Abhandlungen der Naturwissenschaften Gesellschaft,

Isis in Dresden. Jahrg. 1894, January to June. 8° Dresden, 1894.

Isis Socibty.

Dublin.—Transactions of the Royal Irish Academy. Vol. XXX, parts 13-14. 40

Dublin, 1894. Thb Academy.

Edinburgh.—The Scottish Geographical Magazine. Vol. X, Nos. 10—11.' 8* Edin

burgh, 1894. The Society.

„ Transactions of the Edinburgh Geological Society. Vol. VII, pt. 1. 8°

Edinburgh, 1894. Thb Society.

Franrfurt-a-Main.—Abhandlungen von der Senckenbergischen Naturforschenden

Gesellschaft. Band XVIII, heft 3. 40 Frankfurt-A-M. 1894.

Glasgow.—Proceedings of the Philosophical Society of Glasgow. Vol. XXV of

1893-94. 8° Glasgow, 1894. Thb Society.

E 3
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Titles of Books, Doners.

Gottingf.n.—Nachrichten von der Konigl. GeseUschaft der VViesenschaften la

Gottingen. Mathematisch-physikalische Klasse. No. 3. 8° Got-

tingen, 1894. The Society.

Leidb.— Annates de L'Ecole Polytechnique de Delft. Tome VIII, liv. 1 — 2. 8° Leide,

I894. EcOLE PoLYTECHNIOUE DE DELFT.

Lille.—Annales de la Socidte" Geologique du Nord. Vol. XXI. 8° Lille, 1894.

The Society.

London.—A Monograph of the British Phytophagous Hymenoptera Cynipidae and

Appendix). Vol. IV. By Peter Cameron. (Ray Society.) 8° London,

1893.

„ The Larvae'of the British Butterflies and Moths by (the late) William Buckler.

Edited (in part) by (the late) H. T. Stainton, F.R.S. Vol V. (the

second portion of the Noctudae.) (Ray Society.) 8° London, 1893.

„ Journal of the Chemical Society. Nos. 382—384. 8° London, 1894.

„ Journal of the Linnean Society of London. Zoology, Vol. XXIV, Nos. 155—

157 ; and Botany, Vol. XXVI, No. 177, and XXX, Nos. 205-208.

8° London, 1894. The Society.

„ Proceedings of the Linnean Society for October 1893 and May 1894. With

List of Fellows for 1893-94, and Catalogue of the Library of the

Linnean Society. Part II. 8° London, 1894. The Society.

„ Transactions of the Linnean Society. 2nd series, Botany, Vol.111, pts. 9-

11, and IV, pt. 1 ; and Zoology, Vol. V, pt. 11, and VI, pts. 1—»,

8° London, 1894. The Society.

„ Journal of the Society of Arts. Vol. XLII, No. 2182 to Vol. XLII I, No. 2193.

8° London, 1894. Thb Society.

„ Proceedings of the Zoological Society of London. Part III. 8° London,

1894, The Society.

„ Transactions of the Zoological Society of London. Vol. XIII, pt. 9. 4"

„ London, 1894. The Society.

,, Proceedings of the Royal Society. Vol. LV, Nos. 334—335. 8° London,

1894. Thb Society.

„ Quarterly Journal of the Geological Society. Vol. I, pt. 4; and List of

Fellows on 1st Nov. 1894. 8° London, 1894. The Society.

„ The Geographical Journal. Vol. IV, Nos. 4—5. 8° London, 1894.

The Society.

Madrid.—Boletin de la Sociedad Geografica de Madrid. Tome XXXVI, Nos. 9—10.

8° Madrid, 1894. The Society.

Manchester.—Memoirs and Proceedings of the Manchester Literary and Philoso

phical Society. Vol. VIII, No. 3. 8° Manchester, 1894-

The Society.

Transactions of the Manchester Geological Society. Vol. XXII, pts.

19—ai. 8° Manchester, 1894. The Society.

Moscow.—Bulletin de la Soci&e' Imperialedes Naturalistes de Moscow. Anne^ 1894.

No. 2. 8° Moscow, 1894. The Society_

Naples.—Rendiconto dell' Accademia delle Scienze Fisiche E Matematiche. Series II,

Vol. VIII, fasc. 8—io. 40 Napoli, 1894. The Academy.

4



PART i.] Additions to the Library.

Titles of Books- Doners.

Newcastle-upon-Tyne.—Transactions of the Federated Institution of Mining En

gineers. Vol. VII, pts. 3 —4. 8° Newcastle-upon-Tyne,

1 89+.

Paris.— Annales des Mines, gme série, Tome IV, livr. 7. 8° Paris, 1894.

Dept. op Mines, Paris.

Bulletin de la Société de Géographie, jme série, Tome XV, No. 2. 8° Paris,

1894. The Society.

„ Comptes Rendus des Seances de la Société de Géographie, No. 15. 8° Paris,

1894. The Socibty.

„ Bulletin de la Société Géologique de France. 3me série, Tome XXII, No. 5.

8" Paris, 1894. The Society.

„ Mémoires pour servira l'explication de la Carte géologique détaillée de la France.

Deuxième Partie. Paléontologie les Ammon ites de la Craie Supérieure.

Par A, De Grossouvre. With Atlas. 40 Paris, 1893.

Ministère des Travaux publics.

Philadelphia.—Journal of the Franklin Institute. Vol. CXXXVIII, Nos. 3—5 8°

Philadelphia, 1894. Thb Institute.

Rome.—Atti délia Reale Accademia dei Lincei Rendiconti, Série V, Semestre II, Vol.

III, fasc 5—8. 8° Roma, 1894. The Academy.

Shanghai.—Journal of the China Branch of the Royal Asiatic Society. New series,

Vol. XXVI. 8° Shanghai, 1894. Thb Society.

Springfield.—Bulletin of the Illinois State Museum of Natural History. No. 4. 8*

Springfield, 1894. The Museum.

Sydney.—Proceedings of the Linnean Society of New South Wales. Vol. IX, parti.

8° Sydney, 1894. Thb Society.

Turin.— Atti della R. Accademia delle Scienze di Torino. Vol. XXIX, disp. 11-15.

8° Turin, 1894. The Academy.

S. I. C. P. O.- N». 50 D. G. Surwjr.—16-1*4.—6i».
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1.

Donations to the Museum.

DONATIONS TO THE MUSEUM.

• • From ist February to 30TH April 1895.

Two large specimens of mica-apatite-peridotite, from Giridih.

Presented by Dr. W. Saisb, A.R.S.M., F.G.S., Manager, E. I. Railway.

Collieries.

Specimens of argentiferous copper-ore, from the Albert Silver Mine, Pretoria District,

Transvaal.

Presented by Tom Claridge, Johannesburg, Transvaal.

Specimens of auriferous quartz taken from 40 to 45 feet below surface, from an old mine

cn " Rees Reef," Pahardiah concession, Anandapur, Singbhum district,

Chota Nagpore. r ,. , , .

Presented by V. L. Rees, Calcutta.

ADDITIONS TO THE LIBRARY.

From ist January to 31ST March 1895.

Titles of Books. Donors.

Baltzbr, Dr. A.—Ueber Bergsturze in den Alpen. 8° P. Zurich, 1875.

Beck, Dr. Ludvrig.—Die Geschichte des Eisens. Abth. II, lief. 6. Sc Braunschweig,

1894.

Bronn, Dr. H. G.— Klassen und Ordnungf n des Thier—Reichs. Band II, Abth.' Ill,

lief. 19; and III, lief. 15-17. 8° Leipzig, 1894.

Crook.es, William.—Select Methods in Chemical Analysis. 3rd Edition. 8° London,

1894.

Fritsch, Dr. Ant.—Fauna der Gaskohle und der Kalksteine der Permformation

Bohmens. Band. HI, heft 3. 40 Prag, 1894.

Gbikie, Sir Archibald.—Text-Book of Geology. 3rd Edition. 8° London, 1893.

Histzb, Dr. C—Handbuch der Mineralogie. Lief. 1-8. 8° Leipzig, 1889-1894.

Koken, Dr. Ernst.—Die Vorwelt und ihre Entwickelungsgeschichte. 8° Leipzig,

1893.

Koninck, Dr. L. L. de.—Traite de Chimie Analytique Minerale. Tome I and II. '8°

Liege, l8g4.

Lapparent, A. de.—Traite de Geologic Parts I and II. 8° Paris, 1893.

Lowl, Prof. Dr. Ferdinand.—Die Gebirgsbilden den Telsarten. 8° Stuttgart, 1893.

Milch, Dr. L.— Beitrage zur Kenntniss des Verrucano. Teil 1. 8" Leipzig, 1893.

Milne, John, and Burton, W. A".—The volcanoes of Japan. Part 1, Fujisan. Fol.

Yokohama.

Moista, A. F.—Geologische Schilderung der gegend zwischen dem Meissner und dem

Hirschberge in Hessen. 8° P., Marburg, 1867.

Muller, Johannes.—Lehrbuch der Kosmischen Physik. 5th edition by Dr. C. F. W.

Peters, with plates and Atlas. 8° Braunschweig, 1894.

Murray, Dr. James A. H.—A new English Dictionary on historical principles. Vols-

III and IV, D-F. 40 Oxford, 1894.

Nivoit, E.—G£ologie Applique. Tome I and II. 8° Paris, 1887-1889.

7
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Titles of Books. Donors.

Pbron, A.—Description des Mollusques Fossiles des Terrains Cr&ace's de la Tunisia.

Part I, and Plates XXV to XXXVI. 8° and 40 Paris, 1888-1891.

Reyer, Ed.—Geologische und Geographische Experimente. Heft III and IV. 8°

Leipzig, 1894.

Rothpletz, A.—Geotektonische Probleme. 8° Stuttgart, 1894.

Supan, Alexander.— Grundzuge der physischen Erdkunde. 8° Leipzig, 1884.

Szechenyi, Count Bela.—Die Wissenschaftlichen Ergebnisse der Reise des grafen

Bela Szechenyi in Ostasien, 1877-1880. Band I and Atlas. 40 Wiem

1893.

Tisserand, F.—Traite de Me'canique Celeste. Tome I to HI. 40 Paris, 1889-1894.

Trautwinb, John C.—The Civil Engineers' Pocket-Book of Mensuration, Trigono

metry, Surveying, etc. 8° New York, 1894.

Trtok, G. W.—Manual of Conchology. 1st series, Vol. XV, parts 57-59 ; and 2nd

series, Vol. IX, parts 33-35. 8° Philadelphia, 1893.

Walther, Johannes.—Allgemeine Meereskunde. 8° Leipzig, 1893.

Watts' Dictionary of Chemistry, revised and entirely re-written by M. M. Pattison

Muir, and H. F. Morley. Vol. IV. 8° London, 1894.

Wesseley, Josef.—Der Europaische Flugsand und Seine Kultur. 8° Wien, 1873.

Zirkbl, Dr. Ferdinand.—Lehrbuch der Petrographie. Band I to III. 8° Leipzigi

1 893. 1 894.

PERIODICALS, SERIALS, etc.

American Geologist. Vol. XIV, Nos. 3-5. 8° Minneapolis, 1894.

American Journal of Science. 3rd series, Vol. XLVIII, No. 288 to XLIX , No. 200.

8° New Haven, 1894-1895. Thb Editor.

American Naturalist. Vol. XXV, Nos. 297, 298, and 300 ; XXVIII, No. 336; and

XXIX, No. 338. 8° Philadelphia, 1893-1895.

The Edi^os.

Annalen der Physik und Chemie. Neue Folge, Band LIII, heft 5, and LI V, heft i-.

8* Leipzig, 1894-1895.

Annals and Magazine of Natural History. 6th series, Vol. XIV, No. 84 to XV,

No. 87. 40 London, 1894- 1895.

Athenaeum. Nos. 3502-3515. 40 London, 1894- 1 895.

Beiblatter zu den Annalen der Physik und Chemie. Band XVIII, Nos. 11-12; and

XIX, No. 1. 8° Leipzig, 1894-1895.

Chemical News. Vol. LXX, No. 1828 to LXXI, No. 1841. 40 London, 1894-1895.

Colliery Guardian. Vol. LXVIII, No. .1771 to LXIX, No. 1784. Fol.. London,

1894- 1895.
Geological Magazine. New series, Decade IV, Vol. I, No. 12, and II, Nos. 1-3. Sc

London, 1 894-1 895.

Industries and Iron. Vol. XVII, No. 1143 to XVIII, No. 1156. 40 London, i8gi-

1895.

Journal of Geology. Vol. II, Nos. 6-8; and III, No. 1. 8° Chicago, 1895.

London, Edinburgh, and Dublin Philosophical Magazine and Journal of Science. 5th

series, Vol. XXXVIII, No. 235 to XXXIX, No. 238. 8° London,

1894-1895.

Mining Journal. Vol. LXIV, No. 3093 to LXV, No. 3106. Fol., London, 1894-1895.

8



PART 2.] Additions to the Library.

Titles of Books. Donort.

Natural Science. Vol. V, No. 31 to VI. No. 37. 8° London and New York, 1894-1895.

Nature. Vol. LI, Nos. 1310-1323. 40 London, 1894-1895.

Neues Jahrbuch fur Mineralogie, Geologie und Palaeontologie. Band I, heft 1. 8°

Stuttgart, 1895.

Oil and Colourman's Journal. Vol. XV, No. 172 to XVI, No. 173. 40 London, 1894.

Palaeontographica. Band XLI, lief. 3-4. 40 Stuttgart, 1 895.

Petermann's Geographischer Mittheilungen. Band XL, No. 12, and XLI, No. 1. 40

Gotha, 1895. Thb Editor.

Scientific American. Vol. LXXI, Nos. 21-26, and LXXII, Nos. 1-8. Fol., New York,

1894-1895.

„ Supplement. Vol. XXXVIII, Nos. 986-991, and XXXIX, Nos.

992-999. Fol. New York, 1894-1895.

The Indian Engineer. Vol. XXII, No. 402 to XXII, No. 415. Fol., Calcutta,

1894-1895. Thb Editor.

Tschermak's Mineralogische und Petrographische Mittheilungen, Band XIV, heft 3-4.

8° Wien, 1894.

Zeitschrift fiir Krystallographie und Mineralogie. By P. Groth. Band XXI, heft 1-2

(1892); and XXIV, heft 1-3(1895). 8° Leipzig, 1892 and 1895.

„ Praktische Geologie. Jahrgang 1894, heft 12; and 1895, heft 1-2. 8°

Berlin. 1894-1895.

Zoological Record- Vol. XXX- 8° London, 1894.

GOVERNMENT SELECTIONS, REPORTS, btc.

Assam.—Report on the Administration of the Province of Assam for 1893-94. Flsc.

Shillong, 1^95. Chief Commissioner, Assam.

Bengal.—Report on the Administration of Bengal for 1893-94. Flsc., Calcutta, 1894.

Bengal Government.

Bombay—Bombay Gazetteer. Vol. XXVI, part 3. Flsc, Bombay, 1894.

Bombay Government.

„ Report on the Administration of the Bombay Presidency for 1893-94. Flsc.,

Bombay, 1804. Bombay Government.

„ Brief sketch of the Meteorology of the Bombay Presidency in 1893-94. Flsc,

Bombay, 1894. Meteorological Department, Bombay.

„ Magnetic and Meteorological Observations made at the Government Obser

vatory, Bombay, in 1893. 40 Bombay, 1894.

Meteorological Department, Bombay.

BuRMA.-Report on the Administration of Burma during 189394. Flsc, Rangoon,

1894. Chief Commissioner, Burma.

Hyderabad —Report on the Administration of the Hyderabad Assigned Districts for

1893-94. Flsc, Hyderabad, 18 )4- Resident, Hyderabad.

India.—Administration Report on the Railways in India for 1893-94. Part II. Flsc,

Calcutta, 1894. Government of India.

9
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Titles of Books, Donors.

India.—Census of India, 1891. Vol. XXV, parts 3-4. Klsc, Bangalore, 1894.

Resident, Mysore.

„ List of Officers holding Gazetted Appointments under the Government of India

in the Home, Legislative, Foreign, and Revenue and Agricultural

Departments, corrected to 1st July 1894. 8° Calcutta, 1804.

Government op India.

„ Selections from the Records of the Government of India, Foreign Department-

Nos. 310, 315, and 317. Flsc., Calcutta, 1894.

Foreign Department

„ Indian Meteorological Memoirs. Vol. V, parts 4-6. 40 Calcutta, 18 04.

Meteorological Reporter to Govbrnme nt op India.

„ Instructions to Observers of the India Meteorological Department. By J. Eliot,

M. A., F. R., Met. Soc. 8° Calcutta, 1895.

Meteorological Reporter to Government of India.

„ Monthly Weather Review, September to October 1894. 40 Calcutta, 1895.

Meteorological R eporter to Government op India.

„ Register of Original Observations, reduced and corrected, September and

October 1894. 40 Calcutta, 1895.

Meteorological Reportbrto Government op India.

Madras.—Madras Meridian Circle Observations, 1883 to 1887. Vol. VIII. 4'

Madras, 1895. Meteorological Department, Madras.

Manual of the Administration of the Madras Presidency. Vol. III. Flsc^,

Madras, 1894. Madras Government.

„ Report on the Administration of the Madras Presidency for 1893-94. Flsc,

Madras, 1895. Madras Government.

Mysore.—Report on the Administration of Coorg for 1893-94. Flsc., Bangalore, 1894.

Resident, Mysore.

Punjab. Report on the Administration of the Punjab and its Dependencies for 1893-94.

Flsc, Lahore, 1894. Punjab Government.

TRANSACTIONS, PROCEEDINGS, etc., OF SOCIETIES, SURVEYS, etc.

Baltimorb.—Johns Hopkins University Circulars. Vol. XIV, No. 116. 40 Baltimore,

1895. Johns Hopkins University.

Basel. Abhandlungen der Schweizerischen Palaontologischen Gesellschaft. Band

XIV to XX. 4° Basel, 1887-1894.

The Society.

Belfast.—Report and Proceedings of the Belfast Natural History and Philosophical

Society for Session 1893-94. 8* Belfast, 1895. The Society.

Berlin.—Verhandlungen der Gesellschaft fur Erdkunde zu Berlin. Band XXI,

Nos. 9—jo. 8° Berlin, 1894.

„ Zeitschrift der Deutschen Geologischen Gesellschaft. Band XLVI, heft 2.

8° Berlin, 1894. The Society,

Bern.—Beitrage zur Geologischen Karte der Schweiz. Lief. VII (Supplement);

VIII (Supplement) ; XVI, XXI with atlas ; XXII, part 1, with atlas;

XXIV, parts 1 and 4; XXV, XXXI and XXXII. 4* and Fol.

Bern, 1887, 1888, 1890, 1891 and 1893,

Natural History Society, Bash.



PART 2.] Additions to the Library.

Titles of Books. Donors.

Bombay.—Journal of the Bombay Natural History : Society. Vol. IX, No. 2. 8"

Bombay, 1894. The Society.

Brussbls.— Bulletin de la Soci&£ Royale Beige de Geographie. Annee, XVIII,

No. 4. 8" Bruxelles, 1895. Thb Society.

Bubnos Aires.—Boletin de la Academia Nacional de Ciencias en Cordoba. Tomo

XII, No. 4, and XIV, No. I. 8° Buenos Aires, 1892 and 1894.

Thb Acadbmy.

Caen.— Bulletin de la Soci&e' Linneenne de Normandie. 4* serie, Vol. VIII, fasc. 3.

8° Caen, 1895. The Society.

Calcutta.—Epigraphia Indica. Vol. II, part 16. 40 Calcutta, 1894.

Government of India.

„ List of Officers in the Survey and other Scientific and Minor Departments,

subordinate to the Government of India in the Department of Revenue

and Agriculture, corrected to 1st January 1895. 8° Calcutta, 1895.

Government of India.

„ Journal of the Asiatic Society of Bengal. Vol. LXIII, Part II, No. 4.

8° Calcutta, 1895. Thb Society.

„ Proceedings of the Asiatic Society of Bengal. Nos. 9—10. 8° Calcutta,

1894-1895. Thb Society.

„ Proceedings and Journal of the Agricultural and Horticultural Society of

India. Vol. X. 8° Calcutta, 1895. The Society.

„ Records of the Geological Survey of India. Vol. XXVIII, part I. 8°

Calcutta, 1895. Geological Survey of India.

„ Survey of India Department Notes for November 1894 to February 1895.

Flsc, Calcutta, 1894-1895. Survey of India Dept.

„ University of Calcutta. Calendars for the years 1888 to 1894. 8° Calcutta,

1888-1894. Thb University.

„ University of Calcutta. Minutes for the years 1883-84 to 1893-94. 8"

Calcutta, 18S4—1894. The University.

Cambridob.—Proceedings of the Cambridge Philosophical Society. Vol. VIII, part 3.

8° Cambridge, 1894. Thb Society.

Cambridge, Mass.—Bulletin of the Museum of Comparative Zoology. Vol. XXV,

No. 11. 8° Cambridge, Mass, 1894. The Museum.

Canada.—Journal and Proceedings of the Hamilton Association. No. 10. 8° Canada,

1894. Thb Association,

Christiania.— Die norwegische Commission der Europaischen Gradmessung. Resultate

der im Sommer 1893 in dem nordlichsten Theile Norwegens ausge-

fuhrten Pendelbeobachtungen nebst einer Untersuchung.uber den Ein«

fluss von Bodener schutterungen auf dieSchwingungszeiteinesPendels-

Von O. E. Schidtz. 8° Kristiania, 1894. The Commission.

„ Vandstandsobservationer. Hefte. V. 4° Christiania, 1893.

The Commission.

Copenhagen.— Oversigt over det Kongelige Danske Videnskabernes Selskabs For-

handlinger og dets Medleirmers Arbejder i Aaret 1894. No. 2.

8° Kobenhavn, 1894. The Acadbmy.

Dublin.—Proceedings of the Royal Irish Academy. 3rd series, Vol. Ill, No. 3.

8° Dublin, 1894. Thb Acadbmy.

II
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Titles of Books. Donors,

Edinburgh.—The Scottish Geographical Magazine. Vol. X, No. 12, and XI, Nos. 1—3.

8° Edinburgh, 1894, The Society.

GSttingen.—Nachrichten von der KSnigl. Gesellschaft der Wissenschaften iu

Gottingen. Mathematisch-physikalische Klasse. No. 4. 8° Gottingen,

1895. The Socibty.

Halle. —Leopoldina. Vol. XXIX. 40 Halle, 1893. The Academy.

„ Nova Acta Academiae Csesareae Leopoldino—Carolinae Germanicae Naturae

Curiosorum. Vols. LIX and LX. 40 Halle, 1893-1894.

The Academy.

Lisbon.—Direction des TravauxGeologiques du Portugal. Flore Fossile du Portugal.

Nouvelles contributions & la Flore Mesozoique, par Ie Marquis de

Saporta, accompagnees d'une Notice Stratisgraphique, par Paul

Choffat. 40 Lisbonne, 1894. Geol. Commission, Portugal.

London.—Journal of the Chemical Society. Nos. 385—387. 8° London, 1895.

„ Journal of the Society of Arts. Vol. XLIII, Nos. 2194—2207. 8° London,

1894-1895. The Society.

H Proceedings of the Royal Society. Vol. LVI, Nos. 336—337. 8° London,

1894. Thb Society.

„ The Geographical Journal. Vol. IV, No. 6, and V, Nos. 1—3. 8° London,

1 894- 1 895. The Society.

„ The Mineralogical Magazine and Journal of the Mineralogical Society.

Vol. X, Nos. 45 and 48, 8° London, 1894.

„ Quarterly Journal of the Geological Society. Vol. LI, part 1. 8° London,

1895. Thb Society.

MadrId.—Boletin de la Sociedad Geogrdfica de Madrid. Tome XXXVI, Nos. 11—12.

8° Madrid, 1895. The Society.

Manchester.—Memoirs and Proceedings of the Manchester Literary and Philosophi

cal Society. Vol. VIII, No. 4, and IX, No. 1. 8° Manchester, 1894.

The Society.

„ Transactions of the Manchester Geological Society. Vol. XXIII,

parts 1—4. 8° Manchester, 1894-1895. The Society.

Milano.—Memorie de la Societe Italiana di Scienze Naturali. New series, Tome I,

40 Milano, 1895. " The Socibty.

Moscow.—Bulletin de la Soci&e1 Imperiale des Naturalistes de Moscow. Anne^ 1894,

No. 3. 8° Moscou, 1895. The Society.

Munich.—Sitzungsberichte der Mathematische physikalischen Classe der K. b. Afea-

demie der Wissenschaften zu Munchen. Heft IV. 8° Miinchen,

1895. Royal Bavarian Academy.

Naples.—Rendiconto dell'Accademia delle Scienze Fisiche E Matematiche. Serie1 II,

Vol. VIII, fasc. 11—12. 40 Napoli, 1894. The Academy.

New York.—Annals of the New York Academy of Sciences. Vol. VIII, No. 4. 8°

New York, 1894. The Academy.

Ottawa.—Proceedings and Transactions of the Royal Society of Canada. Vol. IX.

4° Ottawa, 1894. The Society,

Paris.—Annales des Mines. 9°* se"rie, Tome VI, livr. 8-9. 8° Paris, 1894.

Department of Mines, Paris.
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PART a.] Additions to the Library.

Titles of Boohs. Donors..

Paris.—Bulletin de la Soctete" de G£ographie. 7°" serie. Tome XV, No. 3. 8* Pars

l895- The Society.

„ Comptes Rendus des Seances de la]'Socie'te' de Geographic Nos. 16—19

(1894), and Nos. 1—3 (1895). 8° Paris, 1894-1895.

The Society.

Bulletin de la Society Geologique de France. 3- sene, Tome XXF, No. 8

and XXII, No. 6. 8° Paris, 1894. The Society.

„ Bulletin de la Socidtd de Mineralogie de France. Tome XVII, No. 6. 8°

Paris, 1894.

Penzance.—Transactions of the Royal Geological Society of Cornwall. Vol. XI, part

9 j with Laws and Rules of the Society. 8° Penzance, 1895..

The Society.
Philadelphia.—Journal of the Franklin Institute. Vol. CXXXVIII, No. 6 (1894),

and CXXX1X, Nos. 1-2 (1895). 8° Philadelphia, 1894-1895.

The Institute.
Proceedings of the Academy of Natural Sciences. Part I. 8° Phila

delphia, 1894. The Academy.

Pisa.—Atti delta Societa Toscana di Scienze Naturali Processi Verbali. Vol. IX,

pages i33-!9«- 8° Pisa, 1895. The Society.

Rome.—Atti della Reale Accademia dei Lincei. Rendiconti, Sene V, Semestre II, Vol.

Ill, fasc. 9-12; and Semestre I, Vol. IV, fasc. 1—3. 8° Roma, 1894-

1895. The Academy.

Sacramento.—California Sta"te Mining Bureau. Twelfth Report of the State Minera

logist for the two years ending 15th September 1889. 8° Sacramento,

1894. California State Mining Bureau.

S. Paulo.—Boletim da Commissao Geographica e Geologica do Estado de S. Paulo.

Nos. 8-9. 8° S. Paulo, 1891 and 1893. The Commission.

„ Commissao Geographica e Geologica de S. Paulo Seccao Meteorologica

Dados Climatologicos do anno de 1891 and 1892. 8° S. Paulo,

1893. The Commission.

Springfield.—Bulletin of the Illinois State Museum of Natural History. No. 5. 8°

Springfield, 1895. The Museum.

Stockholm.—Bihang Till Kongl. Svenska Vetenskaps Akademiens Handlingar.

Band XIX, parts 1-4. 8° Stockholm, 1893. The Academy.

Kongliga Svenska Vetenskaps Akademiens Handlingar. Band

XXV. 40 Stockholm, 1892-93. The Academy.
. , . 1B« ACADEMY.

„ Lefnadsteckningar Ofver Kongl. Svenska Vetenskaps Akademiens.

Band III, hafte 2. 8° Stockholm, 1894. The Academy.

Meteorologiska Iakttagelser i Sverige. ISeYie IIA., Band XVIII of

1890. 4° Stockholm, 1894. The Academy.

St. Petersburg.—Bulletins du Comit6 Geologique. Vol. XII, Nos. 8-9, and XIII,

Nos. 1-3. 8° St. Petersburg, 1893-1894. The Commission.

Memoires du Comite" Geologique. Vol. VIII, Nos. 2-3, and IX,

No. 3. 40 St. Petersburg, 1894. Thb Commission.

Sydhey.—Proceedings of the Linnean Society of New South Wales. 2nd series, VoU

IX, part 2. 8° Sydney, 1894. Thb Society.

13
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Titles of Books. Donors,

Sydnbt.—Records of the Geological Survey of New South Wales. Vol. IV, part 1.

8° Sydney, 1894.

Department op Minbs, New South Wilis,

Venice.—Atti del R. Istituto Venetodi Scienze, Lettere ed Arti. Tomo LIII, disp.

1-2. 8° Venezia, 1894-1895. The Institütl

Vienna.—Abhandlungen der K. K. Geologischen Reichsanstalt. Band VI, heft a with

Atlas; and XV, heft 6. 40 Wien, 1893. The Institdti.

„ Jahrbuch der K. K. Geologischen Reichsanstalt. Band XLI, heft 4, and

XLIII, heft 3-4. 8° Wien, 1894. The Instituti.

„ Mittheilungen der K. K. Geographischen Gesellschaft. Band XXXVI,

Folge XXVI. 8° Wien, 1893. The Society.

„ Verhandlungen der K. K. Geologischen Reichsanstalt. Nos. 10-18. 8C,

Wien, 1895, The Instituts.

Washington.—Bulletin of the United States Geological Survey. Nos. 97-117. 8*

Washington, 1 893-1894. The Suryit.

Wellington.—Papers and Reports relating to Minerals and Mining, New Zealand,

1894. Flsc. Wellington, 1894.

Mining Department, New Zsalasd.

Yokohama.—Transactions of the Asiatic Society of Japan. Vol. XXII, part 11. 8°

Yokohama, 1894. The Society.

Zürich.— Neujahrsblatt herausgegeben von der Naturforschenden Gesellschaft. So.

XCVII. 40 Zürich, 1895. Thb Society

„ Vierteljahrsschrift der Naturforschenden Gesellschaft. Jahrg. XXXIX, heft.

3-4. 8° Zürich, 1894. Thb Societt.
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PART 3.] Donations to the Museum.

DONATIONS TO THE MUSEUM.

From ist May to 31ST July 1895.

Gold washed from sand, and sand containing gold, from 6 miles north-east of Hopin,

Muh Valley Railway, Upper Burma ; and a specimen of fossil wood from west of

Hopin, Muh Valley Railway, Upper Burma.

Presented by A. F. Johnston, Supervisor, P. W. Dett., Railway branch,

Muh Valley Railway, Upper Burma.

Three specimens of cassiterite from Cornwall, England.

Presented by J. R. Hosken, Penbro Breigk, Cornwall.

A specimen of concretionary clay, from Kami, Jabalpur District; and decomposed

felspathic breccia cemented with calcite, from Moosrakand, Raniganj.

, Presented by Jas. Cleghorn, Calcutta.

Pvritous dolomitic limestone, from the Khesra Valley, Waziristan.

Presented by Pandit Ram Rakhan Misser, Transport Agent, 2nd

Brigade, Waziristan Field Force.

ADDITIONS TO THE LIBRARY.

From ist April to 30TH Junb 1895.

Titles of Books. Donors.

Beck, Dr. Ludvsig —Die Geschichte des. Eisens. Abth. II, lief. 7. 8° Braunschweig,

1895.

Blake, f. F.—Annals of British Geology, 1893. 8° London, 1895.

Bonney, 7". G.—The Story of our Planet. 8° London, 1893.

Bose, P. A'.—The Economic Results of the Mergui Coal Exploration. Flsc. Pam.

Brief conspectus of mineral oil occurrence and development in India, 1891. Flsc., Pam.f

Calcutta, 1891.

Brokn, Dr. H. G.— Klassen und Ordnungen des Their—Reichs. Band III, lief. 18-20,

and V, Abth II, lief. 41-43. 8° Leipzig, 1895.

Chafin, Frederick //.— Land of the Cliff Dwellers. 8° Boston, 1892.

The Author.

„ Mountaineering in Colorado. 8° Boston, 1890.

The Author.

Chbwikgs, Charlet.— Beitrage zur Kenntniss der Geologie Slid und Central-Australi-

ens. Inaugural Dissertation. 8° P. Heidelberg, 1894.

Dubois, Eng.— Die Klimate der Geologischen Vergangenheit. 8° Leipzig, 1893,

„ Pithecanthropus Erectus. fcine Menschenaehnliche Uebergangsform

aus Java. 4° Batavia, 1894. The Author.

Frech, Dr. Frits.— Die Karnischen Alpen. 8° Halle, 1894.

Futterer, Dr. Karl.—Afrika in seiner Bedentung fur die gold produktion in Vergan

genheit, Gegenwart und Zukunft. 8° Berlin, 1895.

Haas, Hiffolyt J.— Quellenkunde. 8° Leipzig, 1895.

Holland, T. //.—An Introduction to the Chemical and Physical Study of Indian

Minerals. 8° Calcutta, 1895.
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Titles of Books. Donors.

Jack, Robert L.—Artesian Water in the Western Interior of Queensland. 8° Pam.,

Brisbane, 1895. The Author.

Jabkel, Dr. Otto.—Die eocanen Selachier Vom Monte Bolca. 4° Berlin, 1894.

Klein, Dr. Hermann J.—Jahrbuch der Astronomik und Geophysik. Jahrgang V.

1894. 8C Leipzig, 1895.

LaToochb, Tom D — Boring exploration in the Daltonganj Coal-Field, Palamow.

Flsc. Pain., Simla, 1890.

Livbrsidob, A.—Notes on some Australasian and other stone implements. 8° Pam.,

Sydney, 1894.

Martbl, E. A.—Les Abimes. 40 Paris, 1894.

Murray, James A. H.—k New English Dictionary on Historical Principles. Vol. Ill,

(Deceit-Deject.) 40 Oxford, 1895.

Narrative Report of the Gohna Lake and Flood on the 26th August 1894. Flsc Pam.,

Lucknow, 1894.

Government ok thb North-Wbstern Provinces and Oudh.

Neumayr, Dr. Melchior.— Erdgeschichte. 2nd edition, revised by Dr. Uhlig. Band

I. »° Leipzig and Wien, 1895.

Niedzwiedzki, J.—Beitrag zur Kenntniss der Salzformation von Wieliczka und

Bochnia. 8° Lemberg, 1883-1891.

Noetlino, Dr. Frits.—Report on the Auriferous tract in Wuntho, Katha District.

Flsc. Pam., Calcutta, 1893.

„ Report on the Lead Mines in the Pinlebu Sub-division, Katha District.

Flsc. Pam., Calcutta, 1891.

„ Report on the occurrence of Coal in the Pinlebu Sub-division, Katha

District. Flsc. Pam., Calcutta, 1891.

Oldham, R. D.—Memorandum on the mode of occurrence of Petroleum. 8" Pam.,

Calcutta, 1891.

„ Memorandum on the possibility of finding Petroleum near Sukkur on

the Indus. Flsc. Pam., Calcutta, 1891.

„ On the mode of occurrence and probable distribution of Artesian wit«

in the valley plains of the Quetta and Pishin Districts. Flsc. P»m .

Calcutta, 1891.

„ Preliminary Report on the oil locality near Moghal Kot,in the Snera

country, Baluchistan. Flsc. Pam., Calcutta, 1890.

„ Report on the Coal Resources of Quetta and of the routes leading to 1 .

Flsc. Pam, Calcutta, 1891.

„ Report on the out-flow of Petroleum in the Robdar valley, Bolan Pas«i.

Flsc. Pam., Simla, 1891.

„ Report on the Petroleum Resources of the country adjoining the route*

to Quetta. Flsc. Pam., Calcutta, 1891.

Ostwald, Wilhtlm.—Manual of physico-chemical measurements; translated by

James Walker. 8° London, 1894.

Pbncr, Dr. A.—Morphologie der Erdoberflache. Nos. 1-2. 8° Stuttgart, 1894.

Report on the Iron Industry of European Russia. 8° Pam., London, 1894.

Revenue and Agricultural Dkpart*e> :

Royal Society's Catalogue of Scientific Papers. Vols. IX and X. 40 London, 1894.

Solly, R. H.—kn Elementary Introduction to Mineralogy. 8° London, 1894.

Soeolow, N. A.— Die Diinen. 8° Berlin, 1894.
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PART 3.] Additions to the Library.

Titles of Books. Donors.

Tryon, G. W.—Manual of Conchology. 1st series, Vol. XV, pt. 60, and 2nd series,

parts 33a and 36. 8° .Philadelphia, .1894.

Walther, Johannes.—Einleitung in die Geologie als historische Wissenschaft. 8° Jena,

1893-94.

PERIODICALS, SERIALS, etc.

American.Geologist. Vol. X, No. 6, and XV, Nps.1-6. 8° Minneapolis, 1895.

American Journal of .Science. .Vol. XLIX, Nos. 291-293. .8° New Haven, 1895.

Thb Editor

American Naturalist. Vol. XXIX, Nos. 339-341. 8° (Philadelphia, 1895.

Annalen der Physik und Chemie. iNeue Folge, Band LI V, heft 4; and LV, heft. I.

8°,Leipzig„i894-

Annals and Magazine of Natural History, eth^erjes, Vol. XV, Nos. 88-89. 8° London>

Annuaire,Geologique Universel. Tome X, fasc. 2. 8° Paris, 1895.

Athenasuin. N°s- 35 IO"352,8. 4° London, 1895.

E^eiblatter zu den Annalen der Physik und Chemie. Band XIX, Nos. 2-3. 8° Leipzig,

1895-

Chemical News. Vol. LXXI, Nos. 1842-1854. 8°, London, 1895.

Colliery Guardian. Vol. LXIX, Nos. 1785-1797. Fol., London, 1895.

Geological Magazine. New series, Decade>IV> Vol. II, Nos. 4-5. 8° London, 1895.

Industries and Iron. Vol. XVIH.Nos. U57:i,i(>9. ,4° London, 1895.

Journal of Geology. Vol. Ill, Nos. 2-3. 8° Chicago, 1895.

London, Edinburgh and Dublin Philosophical Magazine, and Journal , of Science. 5th

series, Vol. XXXIX, Nos. 239-240. 8° London, 1895.

Mining Journal. Vol. LXV, Nos. 3107-3 11 9. Fol., London, 1895.

Natural Science. Vol. VI, Nos. 38—40. 8°1London, 1895.

Nature. Vol. LI, Nos. 1324—1336. 8° London, 1895.

Neues Jahrbuch fur Mineralogie, Geologie und Palaeontologie. Jahrgang 1895. Band

I, heft 2 ; and Beilage-Band IX, heft 3. 8° Stuttgart, 1895.

Oil and Colourman's Journal. Vol. XVI, No. 177. 40 London, 1895.

Petermann's Geographischer Mittheilungen. Band XLI, Nos. 3—5. 40 Gotha, 1895.

Thb Editor.

Scientific American. Vol. LXXI I, Nos. 9—21. Fol., New York, 1895.

„ Supplement. Vol. XXXIX, Nos. 1000-1012. Fol., New York, 1895.

The Indian and Eastern Engineer. Vol. XXIII, No. 416 to XXIV, No. 427. 40

Calcutta, 1895. The Editor.

TschermakVMineralogische und Petrographische Mittheilungen. Band XIV, heft .

8° Wein, 1895.

Zeitschrift fur Krystallographie und Mineralogie. By P. Groth. Band XXIV, heft 4.

, 8° Leipzig, 1895.

Zeitschrift fur Praktische Geologie. Jahrgang 1895. Heft 3— 5. 4° Berlin, 1895.
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Titlts of Books. Donors.

GOVERNMENT SELECTIONS, REPORTS, etc.

Bombay.—Annual Irrigation Revenue Report, Sind, 1893-94. FIsc, Bombay, 1895.

Bombay Government-

„ Selections from the Records of the Bombay Government. New series, Nos.

283-285, 288, and 290-291. Flsc., Bombay, 1894.

Bombay Government.

Central Provincbs.—Report on the Administration of the Central Provinces for

1893-94. Flsc, Nagpur, 1894. Chief Commissioner, C. P.

India.—A Diary of various Reconnaissances in Hunza and Nagir, 1892-93. Flsc.

Calcutta, 1895.

Quarter Master General in India, Intelligence Branch.

„ Indian Meteorological Memoirs. Vol. VII, parts 1-2. 40 Simla, 1894.

Meteorological Rbporter to Government of India.

„ Meteorological Observations recorded at 7 Stations in India in 1894, corrected

and reduced. 4° Calcutta, 1895.

Meteorological Rbporter to Government of India.

„ Register of original observations, reduced and corrected, November and Decem

ber 1894. 40 Calcutta, 1895.

Meteorological Reportbr to Government of India.

„ Monthly Weather Review. November 1894 to January 1895. 4° Calcutta,

1895. Metborological Reporter to Government op india.

„ The Agricultural Ledger. Nos. 1—4 (1892) ; I—14 and 16—20 (1893) ; and

1—2, 4, 6—7, and 17 (1894). 8° Calcutta, 1892-1894.

Government op India.

Madras.—Annual Administration Report of the Forest Department, Madras Presi

dency, for the year ending 30th June 1894. Flsc, Madras, 1894.

Madras Government.

Punjab.—Annual Report of the Department of Land Records and Agriculture, Punjab,

for the year ending 30th September 1894. Flsc, Lahore, 1895.

Punjab Government-

„ Report on the Land Revenue Administration of the Punjab for the Agri

cultural year, October 1893 to September 1894. Flsc. Lahore, 1895.

Punjab Government.

TRANSACTIONS, PROCEEDINGS, etc., OF SOCIETIES, SURVEYS, etc.

Albany.—Report on the progress of the Adirondack and New York State Land Survey.

8° Albany, 1891. Thb Survey.

Ballarat.—The Ballarat School of Mines. Calendar for 1895, with annual reports for

1894. 8°. Ballarat, 1895. Ballarat School of Mines.

Baltimore.—American Journal of Mathematics. Vol. XYI, Nos. 1—3. 40 Baltimore,

1894, Johns Hopkins University.

„ American Journal of Philology. Vol. XIV, No. 4, and XV, No. 1. 8°

Baltimore, 1893-1894. Johns Hopkins University.
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Titles of Books. Donors.

Baltimore.—Johns Hopkins University Circulars. Vol. XIV, Nos. 117-118. 40

Batimore, 1895. Johns Hopkins University.

„ Johns Hopkins University Studies in Historical and Political Science.

Series XI, Nos. 11-12, and XII, Nos. 1—7. 8°. Baltimore, 1893-1894.

Johns Hopkins University.

Berlin.—Abhandlungen der Koniglichen Akademie der Wissenschaften zu Berlin,

1893. 40 Berlin. 1893. The Acadbmy.

„ Sitzungsberichte der Konig. Preuss. Akad. der Wissenschaften zu Berlin,.

Nos. I—53. 8° Berlin, 1894. The Academy.

„ .Verhandlungen der Gesellschaft fur Erdkunde zu Berlin. Band XXII,

Nos. 1-3. 8° Berlin, 1895.
„ Zeitschrift der Ueutschen Geologischen Gesellschaft. Band XLVI, heft 3. 8a

Berlin, 1894.

Bologna.— Memorie della R. Accademia delle Scienze dell, Istituto di Bologna-

Serie V, Tomo III. 40 Bologna, 1892. The Academy-

Bombay.—Journal of the Bombay Natural History Society. Vol. XI, No. 3. 8° Bombay,

1895. The Society.

Bordeaux.— Catalogue de la Bibliotheque de la Societe Linneenne de Bordeaux. 8°

Bordeaux, 1894. Thb Society.

Boston.—Geology of the Boston Basin. Vol. I, part 2, with 3 maps. 8° Boston, 1894.

Boston Society of Natural History.

„ Memoirs of the Boston Society of Natural History. Vol. Ill, No. 4. 4"

Boston, 1894. The Socibty-

„ Proceedings of the Boston Society of Natural History. Vol. XXVI, parts

2—3. 8° Boston, 1894. The Society.

„ Proceedings of the American Academy of Arts and Sciences. New series,

Vol. XXI. 8° Boston, 1894. Thb Academy.

Brisbanb.—Annual Report of the Trustees of the Queensland Museum for 1890. Flsc.

Brisbane, 1890. The Museum.

Brussels.—Bulletin de la Societe Royale Beige de Geographic. Annee XVIII, Nos.

5—6. 8° Bruxelles, 1894. The Society.

„ Bulletin de la Societe Beige de Geologie de Paleontologie et D'Hydrologie.

Tome I—VII. 8° Bruxelles, 1887-1893. Thb Society.

Buffalo.—Bulletin of the Buffalo Society of Natural Sciences. Vol. V, No. 4. 8"

Buffalo, 1894. The Society.

Caen.—Bulletin dela Societe Linneenne de Normandie. 4th series, Vol. VII, fasc. 3—4,

and VIII, fasc. 1—2. 8° Caen, 1894. Thb Society.

Calcutta.—Journal of the Asiatic Society of Bengal. New series, Vol. LXI, Part 1,

Extra Number (1 892) ; LXI II, Part I, No. 4 ; and LXIV, Part 1 1, No. I.

8° Calcutta, 1895. Thb Socibty-

„ Proceedings of the Asiatic Society of Bengal. Nos. 1, 3 and 4. 8° Calcutta,

1895. The Society.

„ Proceedings and Journal of the Agricultural and Horticultural Society of India.

Vol. X. 8° Calcutta, 1895. The Socibty.

Records of the Geological Survey of India. Vol. XXVIII, Part 2. 8° Calcutta.

1895. Geological Survey of India.

,. Survey of India Department Notes for March and April 1895. Fsc. Cal

cutta, 1895. Survey of Ikdia Departmint.
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Titles of Books. Donors.

Calcutta.—University of Calcutta. Calendar for the year 1895. 84 Catctttta, 1895.

The University.

Cambridge, Mass.—Annual Report of the Library Syndicate of the Cambridge University

for the year ending December ^893. 8° Cambridge, 1894.

The University.

„ Proceedings of the Cambridge Philosophical Society. Vol. VIII, part 4.

8°. Cambridge, 1895. Thb Societt.

„ Afinual Report o'f the Curator of the Museum of Comparative Zoology for

1893-94. 8° Cambridge, Mass, 1894. The Museum.

Bulletin of the Museum of Comparative Zoology. Vol. XVI, No. 15;

XXV, No. 2 ; and XXVJ, Nos. 1-2. 8* Cambridge, Mass., 1894-1895.

The Museum.

„ Memoirs of the Museum of Comparative Zoology. Vol; XVII, No. 3. 4.0

Cambridge, Mass., 1894. The Museum.

CfNCiNiiATi.—Journal of the Cincinnati Society of Natural History. Vol. XVII, Nos.

1—3. 8° Cincinnati, 1894. The Society.

Colombo.—Journal of the Ceylon Branch of the Royal Asiatic Society. Vol. XI, Nos-

40—41, and XII, No. 43. 8° Colombo, 1893-1894.

Des Moines.—Iowa Geological Survey. Vol. II. 40 Des Moines, 1894.

The Survey.

Dresden.—Sitzungsberichte und Abhandlungen der Natur Wissenschaftlichen Gesells-

chaft Isis in Dresden. Jahrg. 1894. July to December. 8° Dresden,

1895. Isis Society.

Dehra Dun.—Synopsis of the results of the operations of the Great Trigonometrical

Survey of India. Vol. XXXIV. 40 Dehra Dun, 1895.

G. T. Survey op India.

Edinburgh.—The Scottish Geographical Magazine. Vol. XI, Nos. 4-5. 8° Edinburgh,

1895. Thb Society.

„ Transactions of the Royal Scottish Society of Arts. Vol; XIII, part 4,

8° Edinburgh, 1894. The Society.

Freiburg.—Berichte der Naturforschenden Gesellschaft zu Freiburg. Band VIII.

8° Freiburg, 1894. The Society.

GSttingbn.—Nachrichten von der Konigl. Gesellschaft der Wissenschaften zu

Gottingen. Heft 1 of 1895. 8° Gottingeri, 1895. Thb Socibty.

Lausannb.—Bulletin de la Societe Vaudoise des Sciences Naturelles. 3rd series, Vol.

XXX, No. 115. 8° Lausanne, 1894. The Society.

Leipzig.—Mittheilugen des Vereins fur Erdkunde zu Leipzig, 1894. 8° Leipzig, 189s

Thb Society.

„ Wissenschaftliche Veroffentlichungen des Vereins fur Erdkunde zu Leipzig.

Band II. 8° Leipzig. 1895. Thb Society.

Liverpool.—Proceedings of the Liverpool Geological Society. Vol. VII, part 2. 8s

Liverpool, 1894. Thb Society.

London.—Journal of the Chemical Society. Nos. 388-390. 8° London, 1895.

„ Geological Literature added to the Geological Society's Library during the

half-year ending December 1894. 8° London, 1895. The Society.

„ Quarterly Journal of the Geological Society. Vol. LI, Part 2, No. 202. 8*

London, 1895. The Socibty.

„ Journal of the Iron and Steel Institute. Vol. XLV, No. 1. 8° London, 1894.

Thb Institute.

20



PART 3.] Additions to the Library.

Titles of Books. Donors.

London.—Rules and List of Members of the Iron and Steel Institute. 8° London, 1894.

The Institute.

„ Journal of the Society of Arts. Vol. XLIIF, Nos. 2208-2219, 8° London,

1895. Thb Society.

„ Palaeontographical Society. Vol. XLV, containing a monograph of the

British Jurassic Gasteropoda. By W. H. Hudleston. Part 1, No. 5,

pp. 225-272.

Do. Inferior oolite ammonites of the

British Islands. By S. S. Buckman. Part VI, pp. 257—312.

Do. Devonian Fauna of the South of

England. By G. F. Whildborne. Vol. I, part 4, pp. 251—344,

and Vol. II, part 1, pp. 1—56. 40 London, 1892.

„ Palaeontographical Society. Vol. XLVI, containing a monograph of the

British Stromatoporoids. By H. Alleyne Nicholson. Part IV, pp.

203-234.

Do. Palaeozoic Phyllopoda. By Prof.

T. Rupert Jones and Dr. Henry Woodward. Part II, pp. 73—124.

A Monograph of the British Jurassic Gasteropoda. By W. H.

Hudleston. Part I, No. C, pp. 373—324.

Do. Inferior oolite ammonites of the

British Islands. By S. S. Buckman. Part VII, pp. 313-344.

Do. Devonian Fauna of the South

of England. By G. F. Whildborne. Vol. II, part 2, pp. 57—88. 40

London, 1892.

„ Palaeontographical Society. Vol. XLVI I, containing a monograph of the

British Fossil sponges. By George Jennings Hinde. Part III,

pp. 189—254.

Do. Echinodermata from the Cretace

ous Formations. By W. Percy Sladen. Vol. II, part 2, pp. 29—66.

Do. Inferior oolite ammonites of the

British Islands. By S. S. Buckman. Part VIII, pp. 345-376.

Do. Devonian Fauna of the South of

England. By G. F. Whildborne. Vol. II, part 3, pp. 89—160. 4*

London, 1893.

„ Palaeontographical Society. Vol. XLVIII, containing a monograph of the

British Jurassic Gasteropoda. By W. H. Hudleston. Part I, No. 7,

pp. 325-39°-

Do. On Carbonicola, anthracomya,

and Naiadites. By Wheelton Hind. Part I, pp. 1—80.

Do. Inferior oolite ammonites of the

British Islands. By S. S. Buckman. Part IX, pp. 377—456.

Do. Fishes of the old Red

Sandstone of Britain. By Ramsay H. Traquair. Part II, No. 1, pp.

63—90. 40 London, 1894.

„ Proceedings of the Royal Institution of Great Britain. Vol. XIV, part II,

No. 88. 8° London, 1895. Thb Institution.

„ Proceedings of the Royal Society. Vol. LVI, Nos. 338-339. and LVII,

Nos. 340-343. 8° London, 1894-1895. The Society.
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London.—Proceedings of the Zoological Society of London for the year 1894. Part 4.

8° London, 1895. The Society.

„ Transactions of the Zoological Society of London. Vol. XIII, part to. 4*

London, 1895. The Society.

„ Report of the British Association for the advancement of Science for 1894.

8° London, 1894.

„ The Geographical Journal. Vol. V, Nos. 4-6. 8° London, 1895.

The Society.

Londres.—Congres Geologique International. 4°" Session—Londres, 1888. Etudes

sur les Schistes Cristallins. 8° Londres, 1888.

Madrid.—Boletin de la Sociedad Geografica de Madrid. Tomo XXXVII, Nos 14,

8° Madrid, 1895. The Society.

Manchester.—Memoirs and Proceedings of the Manchester Literary and Philosophical

Society. 4th series, Vol. IX, No. 2. 8° Manchester, 1894-1895.

The Society.

„ Transactions of the Manchester Geological Society. Vol. XXIII, parts

5—8. 8° Manchester, 1895. The Society.

Mblbourne.—Department of Mines, Victoria. Special Reports issued by A. W.

Howitt, Secretary for Mines, under the authority of the Honourable

H. Foster, Minister of Mines. Flsc. Melbourne, 1895.

Mining Department, Victoria.

Milano.—Memorie della Societa Italiana di Scienze Natural!.

Tomo I, Nos 1—10; II, Nos. 1—10; III, Nos. I—5; and IV,

Nos. 1—38:5. 4° Milano, 1865. TheSocbity.

Moscow—Bulletin de la Socidtd Imperiale des Naturalistes de Moscow. Annee 1894,

No. 4. 8° Moscou, 1895. The Socibty.

Munich.—Sitzungsberichte der Mathematische physikalischen Classe der k. b. Akademie

der Wissenschaften zu Muncher. Heft 1. 8° Munchen, 1895.

Royal Bavarian Academy.

Naples.—Atti della Reale Accademia delle Scienze Fisiche E Matematiche. Sent II,

Vol. VI. 4° Napoli, 1894. The Academy.

„ Rendiconto dell ' Accademia delle Scienze Fisiche E Matematiche. Sen£

III, Vol. I, fasc. 1—4. 8° Napoli, 1895. Thb Academy.

Newcastle-upon-Tyne.—Annual Report of the Council and Accounts for 1893-94 ;

List of Council Officers, and Members for 1894-95, and the Charter

and Bye-I.aws of the North of England Institute of Mining and

Mechanical Engineers. 8° Newcastle-upon-Tyne, 1894.

The Institute.

„ Report of the Proceedings of the Flameless Explosives Committee of

the North of England Institute of Mining and Mechanical Engineers.

Part I. 8° Newcastle-upon-Tyne, 1894. The Institute.

„ Transactions of the North of England Institute of Mining and

Mechanical Engineers. Vol. XL1II, parts 5—6, and XLIV,

parts 1—a. 8° Newcastle-upon-Tyne, 1893-1895.

The Institute.

New York.—Transactions of the New York Academy of Sciences. Vol. XIII. 8° New

York, 1893-94. The Academy.
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Oxford.—Catalogue of Books added to the Radcliffe Library, Oxford University

Museum, during the year 1894. 40 Oxford, 1895.

The University.

Paris.—Annales des Mines, gmc sen6, Tome VI, livr. 10-12, and VII, livr. 1. 8° Paris,

1894-1895. Department op Minbs, Paris.

„ Bulletin de la Soci£t£ de Geographic 7°" serie, Tome XV, No. 4. 8° Paris,

1894. The Society.

„ Comptes Rendus des Seances de la Soci6td de Geographic. Nos. 4-8. 8°

Paris, 1895. ThbSocibty-

„ Bulletin de la Socilte' de Mineralogie de France. Tome XVII, Nos. 7-8, and

XVIII, Nos. 1—4. 8° Paris, 1894-1895.

„ Bulletin de la Soci6t6 Geologique de France. 3°" serie, Tome XXI, No. 6,

and XXII, Nos. j-g. 8° Paris, 1894.

Thb Society.

„ Memories de la Societe Geologique de France. Paleontologie. Tome IV, fasc.

2—4. 40 Paris, 1894. The Society.

„ Bulletin du Museum d' Histoire Naturelle. Anne£ 1895, No. 2. 8° Paris, 1895.

The Museum.

„ Ministere des Travaux publics. Bulletin des Services de la Carte Geologique

de la France et des Topographies Souterraines. Tome V, No. 37,

and VI, Nos. 38.40. &° Paris, 1894. Thb Ministry

Philadelphia.—Journal of the Academy of Natural Sciences. 2nd series, Vol. X,

pt. 3. 40 Philadelphia, 1894. Thb Academy.

„ Proceedings of the Academy of Natural Sciences. Part II. 8° Phila

delphia, 1894. Thb Acadbmy.

„ Journal of the Franklin Institute. Vol. CXXXIX, Nos. 831-833.

8° Philadelphia, 1895. The Institute.

„ Proceedings of the American Philosophical Society. Vol. XXX11I,

No. 145. 8° Philadelphia, 1894. Thb Society.

Pisa.—Atti della Societa Toscana di Scienze Naturali Processi Verbali. Vol. IX,

pp. 193—243. 8° Pisa, 1895. Thb Society

Rochester.—Bulletin of the Geological Society of America. Vol. V. 8° Rochester,

189J. The Society.

Romb.—Atti della Reale Accademia dei Lincei. Rendiconti, Serie V, Semestre II.,

Vol. IV, fasc. 4—9. 8° Roma, 1895. The Academy.

Bolletino del R. Comitato Geologico d 'Italia. Vol. XXIV, Nos. 1-4. 8"

Roma, 1893. The Commission.

Salem.—Proceedings of the American Association for the advancement of Science, Vol.

XLII. 8° Salem, 1894. The Association.

San Francisco.—Proceedings of the California Academy of Sciences. 2nd series, Vol.

IV, pt. 1. 8° San Francisco, 1894. The Academy^

Sprinofield.—Bulletin of the Illinois State Museum of Natural History. No. 6. 8C

Springfield, 1895. The Museum.

Stockholm.—Kongliga Svenska Vetenskaps Akademiens Handlingar. Band XXVI.

4° Stockholm, 1893-94. The Academy.

St. Pbtersburo.—Bulletin de LVAcademie Imperiale des Sciences de St. Peters-

bourg. New series IV, Nos. 1—2; and SeYie V, Tome I, No. 4, and

Tome II, Nos. i-s. 8° St. Petersbourg, 1893-1895. The Academy.
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St. Petersburg,—Memoires dc L'Academie Imperiale des Sciences de St. Petersbourg,

VIP, Serie, Tome XXXVIII, No. 2 ; and XLH, Nos. 3 and 5. 4*

St. Petersbourg, 1890 and 1894. Thb Academy.

„ Bulletins du Comite" Geologique. Vol. XMI, Nos. 4-7 ; and Supple

ment to Vol. XIII. 8° St. Petersbourg, 1894-1895.

J.hb Com missios.

„ Memoires du Comite Geologique. Vol. XIV, No. 1. 40 St. Peters-

bourg, 1895. Th* Commission.

„ Verhandlungen der Russisch Kaiserlichen Mineralogischen Gesells-

chaft zu St. Petersbourg. Zweite seVie(JBapd XXXI. 8° St. Peters

bourg, 1894. The Society.

Stuttgart —jahreshefte des Vereins fur Vaterlandische Naturkunde in Wurttemburg.

Jahrg. LI. 8° Stuttgart, 1895.

Sydney.—Memoirs of the Geological Survey of New South Wales. Palaeontology.

No. VIII, Part 7. 40 Sydney, 1895. Dept. of Mines, Sydney.

„ Records of the Geological Survey of New South Wales. Vol. IV, part 3. 8°

Sydney, 1895. Dept. qf Mines, Sydney.

„ Proceedings of the Linnean Society of New South Wales. 2nd series,

"Vol. IX, pts. 3-4. 8° Sydney, 1895. TheSociett.

Tokio.—Mittheilungen der Deutschen Gesellschaft fur Natur uud Volkerkunde osta-

siens in Tokio. Band VI, heft 55. 40 Tokio, 1895.

Thb Society.

Turin.—Atti della R. Accademia delle Science di Torino. Vol. XXX, disp. 1—4. 8°

Torino, 189441895. The Academy.

„ Meraorie della Reale Accademia delle Scienze di Torino. 2nd series, Totno

,'XLIV. i4° Torino, 1804. The Acadbmy.

Upsala.—iBulletin of the Geological Institution of , the University of Upsala. Vol. I,

Nos. 1*2. 8" Upsala.1i893.1894. The University.

Vbnice^—Atti del R. Istituto Veneto di Scienze, Lettere.ed Arti. -7* serie, Tomo LIII.

disp. 4. 8° Venezia, 1894^95. Tub Institute

Vienna—rAnnalen des K. K. Naturhistorischen Hofmuseums. Band, IX, Nos. 1-2. 8°.

Wien, 1895. ,Thb,Mv.ssum.

,, Jahrbuch der Kais. Konig. Geologischen Reichsanstalt. Band XLIV, heft i-s.

8° Wein,,i894. The Institute.

.„ -Verhandlungen der K. K. Geologischen Reichsanstalt. Nos. 1-3. 8° Wein,

1895. The Institute,

Washington.—Census Bulletin of the Department of the Interior. Nos. 20, 26, 27, 40,

61,67, 68, 71, 73, 74, 75, 78, 80. 94, 96, 113, and extra Census Bulletin,

Nos. 4 and 10, 40 Washington, 1891. Government of India.

„ Mineral Resources of the United States (or : the calendar years -ligt-

1893. 8° Washington, 1893-1894. Pbpt-of thb Interior.

„ Annual Reports of the Board of Regents of> the Smithsonian , Institution

to July 1892 and 1893. 8° Washington, 1893-1894.

'The Institution.

„ Smithsonian Miscellaneous Collections. Nos. 854, 969 and 970. fl°

Washington, 1894.1895. The Institution.

„ Monographs of the United States Geological Survey. ' Vols. XIX

XXI and XXII. 40 Washington, 1892.

The Survey
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Washington.—Twelfth and thirteenth Annual Reports of the United States Geologica

Survey. 8° Washington, 1891-1893. The Survey.

„ Proceedings of the United States National Museum. Vol.1XVI. 40

Washington, 1894. The Museum.

„ Report of the United States National Museum for the year ending

30th June 1892. 40 Washington, 1893. The Museum.

Yokohama.—General Index to Vols. I-XXIII of the Transactions of the Asiatic Society.

of Japan. 8° Yokohama, 1895. Thb Socibty.

„ The Seismological Journal of Japan. Vol. IV. 8° Yokohama, 1895.

The Society.

York..—AnnualReport of the Yorkshire Philosophical Society for 1894. 8° York, 1895.

The Society.

Zurich.—Vierteljahrschrift der Naturforschenden Gesellschaft in Zurich. Jahrg. XL,

heft 1. 8° Zurich, 1895. The Society.

MAPS.

Lbiphg,—Debes'Neuer Hand Atlas. Lief. 1-17. Fo|., Leipzig, 1895.

E

<j. ». C. P. C.—No tt D. G. Scrr«y,-« Hs.-«».





PART 4.] Donations to the Museum.

DONATIONS TO THE MUSEUM.

From ist August to 31ST October 1895.

Three specimens of Coal, from Borneo.

Presbnted by the Secretary, Bengal Chamber of Commerce, Calcutta*

Two pieces of the meteorite that fell on Monday, 27th May 1895, at Nagla Ambapur,

Tahsil Sikandra Rao, District Aligarh.

Presented by thb Magistrate of Aligarh, N.-W. Provinces.

ADDITIONS TO THE LIBRARY.

From ist July to 30TH September 1895.

Titles of Books. Donors.

Brinco, Prof. Dr. W.—Schwabens 125 Vulkan—Embryonen. 8° Stuttgart, 1894.

Bronn, Dr.H. G.—Klassen und Ordnungen des Their—Reichs. Band III, lief. 21 : IV,

lief. 38—42 : V, Abth II, lief. 44—46 : and VI, Abth. V, lief. 42—44.

8° Leipzig, 1893.

Forbl, F. A.—Le Leman Monographic Limnologique . Tome II. 8° Lausanne, 1895.

Maskelynb, Nevil Story.—Crystallography : a treatise on the Morphology of Crystals.

8° Oxford, 1895.

Murray, Dr. James A. H.—h New English Dictionary on Historical Principles. Vol.

IV. Fanged-Fee. 40 Oxford and London, 1895.

Roemer, Friedrich Adolph.—Die Versteinerungen des Norddeutschen Kreidegebirges.

4° Hanover, 1841.

Thomson, Sir C. Wyville, and Murray, John.—A Summary of the Scientific Results

of the voyage of H. M. S. " Challenger" during the years 1872-76.

Parts 1—2. 40 London, 1895. Government of India.

Williams, Geo. H., and Clark, W. B.—Geology and Physical features of Maryland.

8° Baltimore, 1893. W. B. Clark, Esa.

Williams, Geo. H.—Guide to Baltimore. 8° Baltimore, 1892.

W. B. Clark, Esa.

PERIODICALS, SERIALS, btc.

American Geologist. Vol. XV, No. 6, to Vol. XVI, Nos. 1-2. 8° Minneapolis, 1895.

American Journal of Science. 3rd series, Vol. XLIX, No. 294, to Vol. L, No. 296.

8° New Haven, 1895. Thb Editor.

American Naturalist. Vol. XXIX, Nos. 342-344. 8° Philadelphia, 1895.

Annalender Physikund Chemie. Neue Kolge, Band LV, heft. 2—4. 8° Leipzig, 1895,

Annates de Geologie et de Paleontologie, Livr. 15-18. 40 Palerme, 1895.

Annals and Magazine of Natural History. 6th series, Vol. XVI, Nos. 90-92. 8°

London, 1895.

Annuaire Geologique Universel. Tome X, fasc. 3. 8° Paris, 1S95'. The Editor.

Athenzeum. Nos. 3529-3540. 40 London, 1895.

Beiblatter zu den Annalen der Physik und Chemie. Band XIX, Nos. 6-8. 8° Leipzig,

1895-
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Chemical News. Vol. LXXI, No. 1855, to Vol. LXXII, No. 1866. 8° London, 1895.

Colliery Guardian. Vol. LXIX, Nos. 1798-1809. Fol., London, 1895.

Geological Magazine. New series, Decade IV, Vol. II, Nos. 6-8. 8° London, 1895.

Industries and Iron. Vol. XVIII, No. 1170, to Vol. XIX, No. 1 181. 40 London, 1895.

Journal of Geology. Vol. Ill, No. 4. 8° Chicago, 1895.

London, Edinburgh, and Dublin Philosophical Magazine, and Journal of Science. 5th

series, Vol. XL, Nos. 242-243. 8° London, 1895.

Mining Journal. Vol. LXV, Nos. 3120.3131. Fal., London, 1895.

Naturai Science. Vol. VII, Nos. 41-43. 8° London, 1895.

Nature. Vol. LII, Nos. 1337-1348. 40 London, 1895.

Neues Jahrbuch fur Mineralogie, Geologie und Palaeontologie. Band I, heft 3, and II.

heft I. 8° Stuttgart, 1895.

Oil and Colourman's Journal. Vol. XIV, Nos. 173- ! 74. 40 London, 1894.

Palaeontologische Abhandlungen. Neue Folge, Band II, heft 1. 40 Jena, 1895.

Petermann's Geographischer Mittheilungen. Band XLI, Nos. 6-8. 4° Gotha, 1895.

The Editor.

Scientific American. Vol. LXXII, Nos. 22-26, and Vol. LXXIII, Nos. 1-7. Fol.,

New York, 1895.

Scientific American. Supplement. Vol. XXXIX, No. 1013, to Vol. XL, No. 1024. Fol.,

New York, 1895.

The Glacialists' Magazine. Vol. I, Nos. 1 to 12, and II, Nos. 1—5. 8° London, 1893-

1894.

The Indian and Eastern Engineer. Vol. XXIV, Nos. 429-440. Fol., Calcutta. 1895.

The Editor.

Zeitsehrift der Gesellschaft fur Erdkunde zu Berlin. Band XXX, No. 3. 8° Berlin,

1895.

Zeitsehrift fur Krystallographie und Micrologic By P. Groth. Band XXIV, heft 6, and

XXV, heft 1. 8° Leipzig, 1895.

Zeitsehrift fur Praktische Geologie. Jahrg, 1895. Heft -5-8. 8° Berlin, 1895.

GOVERNMENT SELECTIONS, REPORTS, etc.

Bombay.—Selections from the Records of the Bombay Government. Nos. 296, 207, and

299. Flsc., Bombay, 1805. Bombay Government.

India,—Administration Report on the Railways in India for 1894-95. Parti. Flsc,

Simla, 1895. Government of India.

„ Collection ol papers regarding Government House and Sher-ka-Danda Hill,

Naini Tal. Flsc, Nani Tal, 1894. Public Works Department.

„ Indian Meteorological Memoirs. Vol. V, pts. 7-9, and Vol. VIII, pt. 3. 4°

Simla, 1895.

Meteorological Reporter to Government of India.

„ India Weather Review. Annual Summary, 1894. 40 Calcutta, 1895.

Meteorological Reporter to Government of India.

„ Monthly Weather Review. March to April 1895. 40 Calcutta, 1895.

Meteorological Reporter to Government of India.

„ Rainfall Data of India, 1894. Flsc, Calcutta, 1895.

Meteorological Reporter to Government of India.
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India.— Report on the Departmental Committee on Mining and Mineral Statistics.

Flsc, London, 1895. Home Department.

„ The Agricultural Ledger. Nos. 3, and 15—20 (1894) and Nos. 1-4 (1895).

8° Calcutta, 1895. Government of India.

Punjab.—Gazetteer of the Gujranwala District. Revised Edition, 1893-94.. 8° Lahore,

'895. Punjab Government.

TRANSACTIONS, PROCEEDINGS, etc., OF SOCIETIES, SURVEYS, etc.

Adelaide.—Transactions of the Royal Society of South Australia. Vol. XIX, pt. 1.

8° Adelaide, 1895. The Society.

Baltimore.—American Chemical Journal. Vol XVI, Nos. 7-8. 8° Baltimore, 1895.

Johns Hopkins University.

„ Johns Hopkins Univertity Circulars. Vol. XIV, Nos. 119-120. 40.

Baltimore, 1895. Johns Hopkins University.

Basel.—Verhandlungen der Naturforsche den Gesellschaft in Basel. Band X, heft 2.

8° Basel, 1894. The Society.

Berlin.—Abhandlungen der Königlichen Akademie der Wissens, zu Berlin, 1894.

4° Berlin, 1894. The Academy.

„ Sitzungsberichte der Konig. Preuss. Akad. der Wissens, zu Berlin. Nos.

26-38. 8° Berlin, 1895. The Academy.

„ Verhandlungen der Gesellschaft für Erdkunde zu Berlin. Band XXII, Nos.

4-6. 8° Berlin, 1895.

„ Zeitschrift der Deutschen Geologischen Gesellschaft. Band XLVI, heft 4,

and XLVII, heft 1. 8° Berlin, 1894. The Society.

„ Zeitschrift der Gesellschaft für Erdkunde zu Berlin. Band XXX, Nos. 1-2.

8° Berlin, 1895.

Bombay.—Journal of the Bombay Branch of the Royal Asiatic Society. Vol. XIX.

No. 51. 8° Bombay, 1895. The Society.

„ Journal of the Bombay Natural History Society. Vol. IX, No. 4. 8° Bombay,

1895. Thb Society.

Brisbanb.—Proceedings of the Royal Society of Queensland. Vol. XI, part 1. 8°

Brisbane, 1895. The Society.

Brussels.—Bulletin de la Societe Royale Beige de Geographic Annee XIX, No. 1.

8° Bruxelles, 1895. The Society.

Budapest.—Geologische Mittheilungen Zeitschrift der Ungarischer Geologischen

Gesellschaft. Band XXIV, Nos. 1-10. 8° Budapest, 1894.

Hungarian Geological Institute.

„ Mittheilungen aus dem Jahrbuche der Kön. Ungarischen Geologischen

Anstalt. Band X, heft 6. 8° Budapest, 1894.

Hungarian Geological Institute.

„ Termeszetrajzi Fuzetek. Vol. XVIII, Nos. 1-2. 8° Budapest, 1895.

Hung. Nat. Museum.

Calcutta.—Journal of the Asiatic Society of Bengal. Part 1, Plate No. VI ; Title

page and Index for 1894: and Vol. LXIV, Pts. I, No. I, and II, No. 2.

8° Calcutta, 1 895. The Society.
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Calcutta.—Proceedings of the Asiatic Society of Bengal. No. 6. 8° Calcutta, 1895.

The Society.

„ Proceedings and Journal of the Agricultural and Horticultural Society of

India. Vol. X. 8° Calcutta, 1895. The Society.

„ Records of the Geological Survey of India. Vol. XXVIII, pt. 3. 8°

Calcutta, 1895. Geological Survey op India.

„ Survey of India Department Notes for June and July 1895. Flsc,

Calcutta, 1895. Survey of India Department.

Cambridge.— Annual Report of the Library Syndicate of the Cambridge University

for the year ending 31st December 1894. 8° Cambridge, 1895.

The Univbrsity.

Cambridge, Mass.—Bulletin of the Museum of Comparative Zoology. Vol. X XVII, No.

1, and XXVIII, No. 1. 8° Cambridge, Mass, 1895.

The Museum.

Christians.—Publication der Norwegischen Commission der Europaischen Gradmes-

sung. Astronomische Beobachtungen. 40 Christiania, 1895.

The Commission-.

„ Die norwegische Commission der Europaischen Gradmessung. Resultate

der im Sommer 1894 in dem sudlichsten Theile Norwegens ausgefu-

hrten Pendelbeobachtungen von. O. E. Schiotz. 8° Kristiania, 1895.

The Commission.

Cincinnati.—Journal of the Cincinnati Society of Natural History. Vol. XVI), No.

4. 8° Cincinnati, 1895. The Socibty.

Copenhagen.—Memoires de 1* Academie Royale des Sciences et des Lettres de Dane-

mark. 6th series, Tome VII, No. 10. 8° Kjobenhaven, 1894.

The Academy.

„ Oversigt over det Kongelige Danske Videnskabernes Selskabs Forhand-

linger og dets Medlemmers Arbejder i Aaret, 1894, No. 3, and 1895,

No. 1. 8° Kobenhavn, 1894-1895. The Academy.

Dijon.—Memoires de 1' Academie des Sciences, Arts et Belles-Lettres de Dijon. 4th

series, Tome IV. 8° Dijon, 1894. Thb Academy.

Edinburgh.—Scottish Geographical Magazine. Vol. XI, Nos. 7—8. 8° Edinburgh,

1895. The Society.

Glasgow.—The Glasgow University Calendar for the year 1895-96. 8° Glasgow,

1895. The University.

Gottingen.—Naturhistorischen von der Konigl. Gesellschaft der Wissens. zu Gottingen.

Heft 1-2. 8* Gottingen, 1895. The Society.

Konigsburo.—Schriften der Physikalisch-Okonomischen Gesellschaft zu Konigsberg.

in Prussia. Jahrg. XXXV of 1894. 40 Konigsberg, 1895,

The Socibty.

Lausanne.—Bulletin de la Soci£t£ Vaudoise des Sciences Naturelles. 3rd series, Vol.

XXX, No. 116. 8° Lausanne, 1894. The Society.

LiiSqe.—Annales de la Societe Geologique de Belgique. Tome XX, livr. 3; XXI, livr. 3s

and XXII, livr. 1. 8° Liege, 1895. Thb Socibty.

London.—Journal of the Chemical Society. Nos. 391-393. 8° London, 1895.

„ Journal of the Society of Arts. Vol. XLIII, Nos. 2221-3232. 8° London,

1895. Thb Socibty.
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London.—Proceedings of the Royal Society. Vol. LVII, No. 343. 8° London, 1895.

The Society.

,, Proceedings of the Zoological Society of London. Part 1. 8° London, 1895.

The Society.

„ Quarterly Journal of the Geological Society. Vol. LI, Part 3, No 203. 8°

London, 1895. Thb Society.

„ The Geographical Journal. Vol. VI, Nos. 1-3. 8° London, 1895.

The Society".

„ The Mineralogical Magazine and Journal of the Mineralogical Society.

Vol. XI, No. 49. 8° London, 1895.

Madrid.— Boletin de la Sociedad Geograhca de Madrid. Tome XXXVII, Nos. 3-6.

8° Madrid, 1895. The Society.

Manchester.—Transactions of the Manchester Geological Society. Vol. XXIII, pts.

8-9, and Index to Vol. XXII. 8° Manchester, 1895. Thb Society.

Melbourne.—Annual Report of the Secretary for Mines, Victoria, for the year 1894.

Flsc., Melbourne, 1895. Drpartment op Mines, Victoria.

Milan.—Atti deUa Societa Italiana di Scienze Naturali. Vol. XXXV, fasc. 1-2. 8°

Milano, 1895. Thb Socibty.

Moscow.—Bulletin de la Socictc Imperiale des Naturalistes de Moscou. Anne6 1895,

No. i. 8° Moscou, 1895. Thb Socibty.

Munich.—Abhandlungen der Math. phys. Classe der k. b. Akademie der

Wissenschaften. Band XVIII, Abth. 3. 40 Munchen, 1895.

Thb Acadbmy.

„ Sitzungsberichte der Math. phys. Classe der k. b. Akademie der Wissens

chaften. Heft III (1893) and Heft I to III (1894). 8° Munchen, 1894.

Thb Academy.

Naples.—Rendiconto dell* Accademia delle Scienze Fisiche E. Matematiche. Series

III, Vol. I, fasc. 5-7. 8° Napoli. 1895. The Acadbmy.

Newcastle-upon-Tyne.—Transactions of the North of England Institute of Mining

and Mechanical Engineers. Vol. XLIV, pt. 3. 8° Newcastle-upon-

Tyne, 1895. The Institutb.

New York.—Annals of the New York Academy of Sciences. Vol. VIII, No. 5, and

Index to Vol. VII. 8° New York, 1895. The Academy.

Ottawa.—Annual Report of the Geological Survey of Canada. New series, Vol. VI.

8° Ottawa, 1895. The Survey.

Paris.—Annales des Mines. 9"' serie, Tome VII, livr. 3-4. 8° Paris, 1895.

Dbpartmbnt of Minbs, Paris.

., Bulletin de la Soci&e' de Geographie. 7°* serie, Tome XVI, No. I. 8° Paris-

1895. Thb Society.

„ Comptes Rendus des Seances de la Soci£t6 de Geographie. Nos. 9-12. 8°

Paris, 1895. The Society.

„ Bulletin de la Soci£t6 Geologique de France. 3"' serie, Tome XXIII, No. 1.

8° Paris, 1895. The Socibty.

n Bulletin de la Soctete' Francaise de Mineralogie. Tome XVIII, No«. 5-6. 8°

Paris, 1895.
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Philadelphia.—Journal of the Franklin Institute. Vol.* CXXXIX, Nos. 834-836.

8° Philadelphia, 1895. The Institute.

„ Proceedings of the Academy of Natural Sciences. Part III. 8°

Philadelphia, 1894. The Academy.

„ Proceedings of the American Philosophical Society. Vol. XXXII,

No. 143, and XXXIII, No. 146. 8° Philadelphia, 1894.

The Society.

Rome.—Atti della Reale Accademia dei Lincei. Rendiconti, Sene V, Semestre I, Vol. IV.,

fasc. 11-12, and Semestre II, Vol. IV, fasc. 1-3. 8° Roma, 1895.

Thb Acadbmy.

„ Atti della Reale Accademia dei Lincei. Rendiconto, anno CCXCII. 8° Roma,

1895. Thb Society.

St. Petersburg.— Bulletin de 1' Academie Imperiale des Sciences de St. Petersbourg.

Serie V, Tome II, Nos. 3*4. 8° St Petersbourg, 1895.

The Academy.

Stuttgart.— Beitrage zur Geophysik zeitschrift fur physikalhche Erdkunde. Band I,

and II, heft 1-4. 8° Stuttgart, 1887 to 1895.

Sydney.—Journal and Proceedings of the Royal Society of New South Wales. Vol.

XXVIII. 8° Sydney, 1894. , The Society.

„ Report of the Trustees of the Australian M useum of New South Wales for

1894. Flsc, Sydney, 1895. The Museum.

Ufsala.—Bulletin of the Geological Institution of the University of Upsala. Vol. II,

part I. 8° Upsala, 1895. The University.

Venice.—Atti del R. Institute Veneto di Scienze, Lettre ed Arti. Serie VII, Tome LI II,

disp. 7. 8° Venezia, 1895. Thb Institute.

Vibnna.—Annalen des K. K. Naturhistorischen Hofmuseums. Band IX, Nos. 3-4.

8° Wien, 1894. The Musbum.

„ Denkschriften der-Kaiserlichen Akademie der Wissenschaften. Band LX. 40

Wien, 1893. The Academy.

„ Sitzungsberichte der Kais. Akademie der Wissensschaften.

Band CII, Abth. I. heft 8-10.

» n i> Ha. it 8-10.

n » n 116. „ 8-10.

n n 11 Ill, „ 8-10.

-., cm, is I, » 1- 3-

»» « M Ha. .. 1- 5-

*t I. » 116. „ 1- 3-

» ii n HI, .. 1- 4- 8°|Wien, 1 893- 1 894.

The Academy.

, Verhandiungen der K. K. Geologischen Reichsanstalt. Nos. 4-7. 8° Wien,

1895. The Institute.

Washington.—United States Department of Agriculture. North American Fauna,

No. 8. 8° Washington, 1895.

Unitbd States Department of Agriculture.

Wellington.—Transactions and Proceedings of the New Zealand Institute. Vol.

XXVII. 8° Wellington, 1895. Thb Institute.
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8° Zurich, 1895. The Society.
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Vol. I, 1868.

Part 1.—Annual report for 1867. The coal-seams of the Tawa valley. On the prospects of

useful coal being found in the Garrow Hills. Copper in Bundelcund. Meteorites.

Pari 2.—On the coal-seams of the neighbourhood of Chanda. Coal near Nagpur. Geological

notes on the Surat collectorate. The cephalopodous fauna of the South Indian cretaceous

deposits. Lead in the district of Raepore. Coal in the Eastern Hemisphere. Meteorites.

Part 3.—General results obtained from an examination of the gaatropodous fauna of the South

Indian cretaceous deposits. Notes on route from Poona to Nagpur via" Ahmednuggur,

Jalna, Loonar, Yeotmahal, Mangali, and Hingunghat. On the agate-flake found by Mr.

Wynne in the pliocene (?) deposits of the Upper Godavery. The boundary of the Vin-

dhyan series in Rajputana. Meteorites.

Vol. II, 1869.

Part l.—The valley of the Poorna river, west Berar. On the Kuddapah and Kurnool forma

tions. Geological sketch of the Shillong plateau. On the occurrence of gold in the

district of Sinebhoom, &c. Memorandum on the wells now being sunk at the European

Penitentiary, and at the site for the Central Jail, Hazareebagh. Meteorites.

Part 3.—Annual report for 1868. Note on Pangshura tecta and the other species of Chelonia

from the newer tertiary deposits of the Nerbudda valley. Sketch of the metamorphic

rocks of Bengal.

Part 3-—Preliminary notes on the geology of Kutch, Western India. Contributions to tbe

geology and physical geography of the Nicobar Islands.

Part 4.—On the beds containing sillcified wood in Eastern Prome, British Burma. Miner*.

logical statistics of Kumaon division. The coal-field near Chanda. Lead in the Raipur

district. Meteorites.

Vol. Ill, 1870.

Part /.—Annual report for 1869. On the geology of the neighbourhood of Madras. On the

alluvial deposits of the Irrawadi, more particularly as contrasted with those of the Ganges.

Part 3.— Geology of Gwalior and vicinity. On the slates at Chiteli, Kumaon. On the lead

vein near Chicholi, Raipur district. The Wardha river coal-fields, Berar and Central

Provinces. Report on the coal at Korba in the Bilaspur district.
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Part 3.—The Mohpani coal-field. On the lead-ore at Slimanabad, Jabalpur district. On the

occurrence of coal east of Chhatisgarh in the country between Bilaspur and Ranchi. On

petroleum in Burma. On the petroleum locality of Sudkal, near Futtijung, west of Rawal

pindi. On the occurrence of argentiferous galena and copper in the district or Manbhum.

S. W. Frontier of Bengal. Assays of iron ores.

Part 4.— On the geology of Mount Tilla, in the Punjab. The copper deposits of Dalbhum

and Singbhum .- I. The copper mines of Singbhum : 2.—On the copper of Dalbhum

and Singbhum. Meteorites.

Vol. IV, 1871.

Part 1.—Annual report for 1870. Enquiry into an alleged discovery of coal near Gooty, and of

the indications of coal in the Cuddapah district. Mineral statistics of the Kumaon divi

sion.

Part J.—The axial gronp in Western Prome. Geological structure of the Southern Konkan.

On the supposed occurrence of native antimony in the Straits Settlements. On the com

position of a deposit in the boilers of steam-engines at Raniganj. On the plant-bearing

sandstones of the Godavari valley, on the southern extension of rocks belonging to the

Kamthi group to the neighbourhood of Ellore and Rajamandri, and on the possible occur

rence of coal in the same direction.

Part 3.—The progress and results of borings for coal in the Godavari valley near Dumagudem

and Bhadrachalam. On the Narbada coal-basin. Sketch of the geology of the Central

Provinces. Additional note on the plant-bearing sandstones of the Godavari valley.

Part 4.—The ammonite fauna of Kutch. The Raigur and Hengir (Gangpur) Coal-6eld. De

scription of the sandstones in the neighbourhood of the first barrier on the Godavari, and

in the country between the Godavari and Ellore.

Vol. V, 1872.

Parti.—Annual report for 1 871. Rough section showing the relation* of the rocks near

Murree (Mari), Punjab. Mineralogical notes on the gneiss of South Mirzapur and adjoin

ing country. Description of the sandstones in the neighbourhood of the first barrier on

the Godavari, and in the country between the Godavari and Ellore.

Part a.—On the geological formations seen along the coasts of Beluchistan and Persia from

Karachi to the head of the Persian Gulf, and on some of the Gulf Islands. On a traverse

of parts of the Kummummet and Hartamconda districts in the Nizam's Dominions. The

geology of Orissa. On a new coal-field in the south-eastern part of the Hyderabad

(Deccan) territory.

Part 3.—On Maskat and Massandim on the east coast of Arabia. An example of local joint

ing. On the axial group of Western Prome. On the geology of the Bombay Presidency.

Part 4.—On exploration for coal in the northern region of the Satpura basin. On the value of

the evidence afforded by raised oyster banks on the coasts of India, in estimating the

amount of elevation indicated thereby. On a possible field of coal-measures in the Goda

vari district, Madras Presidency. On the lameta or infra-trappean formation of Central

India. On some recently discovered petroleum localities in Pegu. Correction regarding

the supposed eozoonal limestone of Yellam Bile.

Vol. VI, 1873.

Part 1.—Annual report for 1873. The geology of the North-We»t Provinces.

Part 3.—The llisratnpur coal-field. Mineralogical notes on the gneiss of South Mirzapur and

adjoining country.
Part J.— Notes on a celt found by Mr. Hacket in the ossiferous deposits of Narbada valley

(Pliocene of Falconer) : on the age of the deposits, and on the associated shells. On the

Barakars (coal-measures) in the Beddadanole field, Godavari district. On the geology of

parts of the Upper Punjab. Coal in India. The salt-springs of Pegu.

Part 4.—On some of the iron deposits of Chanda (Central Provinces ) Barren Islands and

Narkondam. Stray notes on the metalliferous resources of British Burma.

Vol. VII, 1874.
Part /.—Annual report for 1873. On the geological structure of the hill ranges between the

Indus valley in Ladak and Shah-i-Dula on the frontier of Yarkand territory. On some

of the iron ores of Kumaon. On the raw materials for iron-smelting in the Raniganj

field. On the habitat in India of the elastic sandstone, or so-called Itacolumyte. Geolo

gical notes on part of Northern Haxaribagh.
Part 3—Geological notes on the route traversed by the Yarkand embassy from Shah-i-Dula

to Yarkhand and Kashgar. On the occurrence of jade in the Karakas valley, on the

southern borders of Turkistan. Notes from the Eastern Himalaya. Petroleum in Assam.

Coal in the Garo hills. On the discovery of a new locality for copper in the Narbada

valley. Potash-salt from East India. On the geology of the neighbourhood of Mari hill

station in the Punjab.
Part 3.—Geological observations made on a visit to the Chaderkul, Thtan Shan range. On

the former extension n* glaciers within the Kangra district. On the building and orna

mental stones of India. Second note on tbe materials for iron manufacture in the Rani

ganj coal-field. Manganese ore in the Wardha coal-field.



 

Part 4-—The auriferous rocks of the Dhambal hills, Dharwar district. Remarks on certain

considerations adduced by Falconer in support of the antiquity of the human race in India.

Geological notes made on a visit to the coal recently discovered in the country of the

Luni Pathans, south-east corner of Afghanistan. Note on the progress of geological

investigation in the Godavari district, Madras Presidency. Notes upon the subsidiary

materials for artificial fuel.

Vol. VIII, 875.

Partt.—Annual report for 1874. The Altum-Artush considered from a geological point of

view. On the evidences of 'ground-ice' in tropical India, during the Talcbir period.

Trials of Raniganj 6re-bricks.

Part 3 (out of print).*—On the gold-fields of south-east Wynaad, Madras Presidency. Geolo

gical notes on the Khareean hills in the Upper Punjab. On water-bearing strata of the

Surat district. Sket:h of the geology of Scindia's territories.

Part 3.—The Shahpur coal-field, with notice of coal explorations in the Narbada region.

Note on coal recently found near Moftong, Khasia Hills.

Part 4.—Note on the geology of Nepal. The Raigarh and Hingir coal-6elds.

Vol. IX, 1876.

Part l (out of print).*—Annual report for 1875. On the grology of Sind.

Part 3.—The retirement of Dr. Oldham. On the age r,' some fossil floras in India. Descrip

tion of a cranium of Stegodon Ganesa, with notes on the sun-geous and allied forms-

Note upon the Sub-Himalayan series in the Jamu (Jummoo) Hills.

Part 3.—On the age of some fossil floras in India. On the geological age of certain groups

comprised in the Gondwana series of India, and on the evidence they afford of distinct

zoological and botanical terrestrial regions in ancient epochs. On the relations of the

fossiliferous strata at Maleri and Kota, near Sironcha, C. P. On the fossil mammalian

fauna; of India and Burma.

Part 4.—On the age of some fossil floras in India. On the osteology of Merycopotamus dis-

sitnilis. Addenda and Corrigenda to paper on tertiary mammalia. Occurrence oi

Plesiosaurus in India. On the geology of the Pir Panjal and neighbouring districts.

Vol. X, 1877.

Part /.-—Annual report for 1876. Geological notes on the Great Indian Desert between Sind

and Rajputana. On the occurrence of the cretaceous genus Omphalia near Namcho lake,

Tibet, about 75 miles north of Lhassa. On Estheria in the Gondwana formation. Notices

of new and other vert brata from Indian tertiary and secondary rocks. Description of a

new Emydine from '.he upper tertiaries of the Northern Punjab. Observations on nnder-

ground temperature.

Part 3.—On the rocks of the Lower Godavari. Onthe'Atgarh Sandstones' near Cuttack.

On fossil floras in India. Notices of new or rare mammals from the Siwaliks. On the

Arvali series in North-eastern Rajputana. Borings for coal in India. On the geology of India.

Part 3.—On the tertiary zone and underlying rocks in the North-west Punjab. On fossil floras in

India. Oh the occurrence of erratics in the Potwar. On recent coal explorations in the

Darjiling district. Limestones in the neighbourhood of Barakar. On some forms of

blowing-machine used by the smiths of Upper Assam. Analyses of Raniganj coals.

Part 4.—On the geology of the Mahanadi basin and its vicinity. On the diamonds, gold, and

lead ores of the Samba! pur district. Note on 'Eryon Comp. Barrovensis,' McCoy, from

the Sripertuatur group near Madras. On fossil floras in India. The Blaini group and the

'Central Gneiss' in the Simla Himalayas. Remarks on some statements in Mr. Wynne's

paper on the tertiaries of the North-west Punjab. Note on the genera Choeromeryx and

Rhagatherium.

Vol. XI, 1878.

Part /.—Annual report for 1877. On the geology of the Upper Godavari basin, between the river

Wardha and the Godavari, near the civil station of Sironcha. On the geology of Kashmir,

Kishtwar, and Pangi. Notices of Siwalik mammals. The palzontologieal relations of the

Gondwana system. On 'Remarks, &c„ by Mr. Theobald upon erratics in the Punjab.'

Part 3.—On the geology of Sind (second notice). On the origin of the Kumaun lakes. On a

trip over the Milam Pass, Kumaun. The mud volcanoes of Ramri and Cheduba. On the

mineral resources of Ramri, Cheduba, and the adjacent islands.

Part 3. — Note on the progress of the gold industry in Wynaad, Nilgiri district. Notes on the

representatives of the Upper Gondwana series in Trichinopoly and Nellore-Kistna districts.

Senarmontite from Sarawak.

Part 4.—On the geographical distribution of fossil organisms in India. Submerged forest on

Bombay Island.

Vol. XII, 1879.

Part I.—Annual report for 1878. Geology of Kashmir (third notice). Further notices of Siwalik

mammalia. Notes on some Siwalik birds. Notes of a tour through Hangrang and Spiti.

On a recent mud eruption in Ramri Island (Araksn). On Braunite, with Rhodonite,

from near Nagpur, Central Provinces. Palaeontological notes from the Satpura coal-basin.

Statistics of coal importations into India.

Part 3.—On the Mohpani coal-field. On Pyrolusite with Psilomelane occurring at Gosalpur,

Jabalpur district. A geological reconnoissance from the Indus at Kushalgarh to the Kurram

at Thai on the Afghan frontier. Further notes on the geology of the Upper Punjab.



 

i'mrl 3.—On the geological features of the northern part of Madura district, the Pudukotai

State, and the southern parts of Ihe Tanjore and Trichinopoly districts included within the

limits of sheet 80 of the Indian Atlas. Rough notes on the cretaceous fossils from Trichino

poly district, collected in 1877-78. Notes on the genus Sphenophyllum and other Equise-

taeex, with reference to the Indian form Trizygia Speciosa, Royle, (Sphenophyllum Trizy-

gia Ung.). On Mysorin and Aiacamite from the Nellore district. On corundum from the

Khasi Hills. On the Joga neighbourhood and old mines on the Nerbudda.

Part 4.—On the ' Attock Slates ' and their probable geological position. - On a marginal bone of

an un described tortoise, from the Upper Siwaliks, near Nila, in the Potwar, Punjab. Sketch

of the geology of North Arcot district. On the continuation of the road section from Murree

to Abbottabad.

Vol. XI!!, 1880.

Pari r.—Annual report for 1879. Additional notes on the geology of the Upper Godavari basin

in the neighbourhood of Sironcha. Geology of Ladak and neighbouring districts, being

fourth notice of geology of Kashmir and neighbouring territories. Teeth of fossil fishes from

Ramri Island and the Punjab. Note on tho fossil genera Noggerathia, Stbg., Nflggerathiop-

sis, Fstm., and Rhiptozamites, Schmalh., in palaeozoic and secondary rocks of Europe, Asia,

and Australia. Notes on fossil plants from Kattywar, Shekh Budin, and Sirgujah. On volca

nic foci of eruption in the Konkan.

Part 9.—Geological notes. Palxontological notes on the lower trias of the Himalayas. On the

artesian wells at Pondicherry, and the possibility of finding such sources of water-supply at

Madras.

Part 3.—The Kumaun lakes. On the discovery of a celt of palaeolithic type in the Punjab. Palse-

ontological notes from the Karharbari and South Rewah coal-fields. Further notes on the

correlation of the Gondwana flora with other floras. Additional note on the artesian wells at

Pondicherry. Salt in Rajputana. Record of gas and mud eruptions on the Arakan coast

on 12th March 1879 and in June 1843.

Part 4.— On some pleistocene deposits of the Northern Punjab, and the evidence they afford

of an extreme climate during a portion of that period. Useful minerals of the Arvali region.

Further notes 011 the correlation of the Gondwana flora with that of the Australian coal-

bearing system. Note on reh or alkali soils and saline well waters. The reh soils of Upper

India. Note on the Naini Tal landslip, 18th September 1880.

Vol. XIV, 1881.

Tart l.—Annual report for 1880. Geology of part of Dardistan, Baltistan, and neighbouring

districts, being fifth notice of the geology of Kashmir and neighbouring territories. Note on

some Siwalik carnivora. The Siwalik group of the Sub-fliaalayan region. On the South

Rewah Gondwana basin. On the ferruginous beds associated with the basaltic rocks of

north-eastern Ulster, in relation to Indian laterite. On some Rajmanal plants. Travelled

blocks of the Punjab. Appendix to ' Palasontological notes on the lower trias of the Hima

layas.' On some mamrjalian fossils from Perim Island, in the collection of the Bombay Branch

of the Royal Asiatic Society.

Part 2.—The Nahan-Siwalik unconformity in the North-western Himalaya. On some Gondwana

vertebrates. On the ossiferous beds of Hundes in Tibet. Notes on mining records, and the

mining record office of Great Britain ; and the Coal and Metalliferous Mines Acts of 1872

(England). On cobaltite and danaite from the Khetri mines, Rajputana ; with some remarks

on Jaipurite (Syepoorite). On the occurrence of zinc ore (Smithsonile and Bleade) with

barytes, in the Karnul district, Madras. Notice of a mud eruption in the island of Cheduba.

Part 3.—Artesian borings in India. On oligoclase granite at Wangtu on the Sutlej, north-west

Himalayas. On a fish-palate from the Siwaliks. Palaeuntological notes from the Hazaribagh

and Lohardagga districts. Undescribed fossil carnivora from the Siwalik hills in the collec

tion of the British Museum.

Part 4.— Remarks on the unification of geological nomenclature and cartography. On the geo

logy of ihe Arvali region, central and eastern. On a specimen of native antimony ob

tained at Pulo Obin, near Singapore. On Turgite from the neighbourhood of Juggiapett,

Kistnah district, and on zinc carbonate from Karnul, Madras. Note on the section

from Dalhousie to Pangi rid the Sach Pass. On the South Rewah Gondwana basin.

Submerged forest on Bombay Island.

Vol. XV, 188a.

Pari 1.—Annual report for 1881. Geology of North-west Kashmir and Khagan (being sixth

notice of geology of Kashmir and neighbouring territories). On some Gondwana laby-

rinthodonts. On some Siwalik and Jamna mammals. The geology of Dalhouiie, North

west Himalaya. On remains of palm leaves from the (tertiary) Murree and Kasauli beds

in India. On Iridosmine from the Noa-Dibing river, Upper Assam, and on platinum

from Chutia Nagpur. On (1) a copper mine lately opened near Yongri hill, in the Dar-

jiting district ; (2) arsenical pyrites in the same neighbourhood ; (3) kaolin at Darjiling

(being 3rd appendix to a report on the geology and mineral resources of the Darjiling

district and the Western Duars). Analyses of coal and fire-clay from the Makum coal

field, Upper Assam. Experiments on the coal of Pind Dadun Khan, Salt-range, with re

ference to the production of gas, made April 29th, 1881. Report on the proceedings and

results of the International Geological Congress of Bologna,



 

Part a.— General sketch of the geology of the Travancore State. The Warkllli bed* and re

ported associated deposits at Quilon, in Travancore. Note on some Siwalik and Narbad*

fossils. On the coal-bearing rocks of the valleys of the Upper Rer and the Mand Hirers in

Western Chutia Nagpur. On the Pench river coal-field in Chhindwara district, Central

Provinces. On borings for coal at Engsein, British Burma. On sapphires recently dis

covered in the North-west Himalaya. Notice of a recent eruption from one of the mad

volcanoes in Cheduba.

Part 3.— Note on the coal of Mach (Much) in the Bolan Pass, and of Sharag or Sharigh on

the Harnai route between Sibi and Quetta. New faces observed on crystals of stilbite from

the Western Ghats, Bombay. On the traps of Darang and Mandi in 'the North-western.

Himalayas. Further note on the connexion between the Hazara and the Kashmir series.

On the Umaria coal-field (South Rewah Gondwana basin). The Daranggiri coal-field, Garo

Hills, Assam. On the outcrops of coal in the Myanoung division of the Henzada district.

Part 4.—On a traverse across some gold-fields of Mysore. Record of borings for coal at Bed-

dadanol, Godavari district, in 1874. Note on the supposed occurrence of coal 00 thr

Kistna.

Vol. XVI, 1883.

Part 1—Annual report for 188a. On the genus Richthofenia, Kays (Anomia Lawrenciana,

Koninck). Onthe geology of South Travancore. On the geology of Cbamba. On the

basalts of Bombay.

Part 3.—Synopsis of the fossil vertebrate of India. On the Bijjori Labyrinthodont. On a skull of

Hippothenum antilopinum. On the iron ores, and subsidiary materials for the manufacture

of iron, in the north-eastern part of the Jabalpur district. On laterite and other mangan

ese ore occurring at Gosulpore, Jabalpur district. Further notes on the Umaria coal-field.

Part 3.—On the microscopic structure of seme Dathousie rocks. On the lavas of Aden. On the

probable occurrence of Siwalik strata in China and japan. On the occurrence of Mastodon

angustidens in India. On a traverse between Almora and Mussooree made in October 1882.

On the cretaceous coa' -measures at Borsora, in the Khasia Hills, near Laour. in Sylhet.

Part 4— Palseontological notes from the Daltonganj and Hutar coal-fields in Chota Nagpur.

On the altered basalts of the Dalhousie region in the North-western Himalayas. On the

microscopic structure of some Sub-Himalayan rocks of tertiary age. On the geology of

launsar and the Lower Himalayas. On a traverse through the Eastern Khasia, Jaintia, and

North Cachar Hills. On native lead from Maulmain and chromite from the Andaman

Islands. Notice of a fiery eruption from one of the mud volcanoes of Cheduba Island, Arakan

Notice.—Irrigation from wells in the North-Western Provinces and Oudh.

Vol. XVII, 1884.

Part I.— Annual report for 1883. Considerations on the smooth-water anchorages or mod

banks of Narrakal and Alleppy on the Travancore coast. Rough notes 00 Billa Surgam and

other caves in the Kurnool district. On the geology of the Chuari and Sihunta parganas

of Chamba. On the occurrence of the genus Lyttonia, Waageii, in the Kuling secies of

Kashmir.

Part i.— Notes on the earthquake of 31st December 1881. On the microscopic structure at

soma Himalayan granites and gneissose granites. Report on the Choi coal exploration. On

the rediscovery of certain localities for fossils in the Siwalik beds. On some of the mineral

resources of the Andaman Islands in the neighbourhood of Port Blair. The intertrappean

beds in the Deccan and the Laramie group in western North America.

Part 3.-2 On the microscopic structure of some Arvali rocks. Section along the Indus from the

Peshawar Valley to the Salt-range. On the selection of sites for borings in the Raigara-

Hingir coal-field (first notice). Note on lignite near Raipore, Central Provinces. The Tor-

quoise mines of NishSpur, Khorassan. Notice of a further fiery eruption from the Minbyin

mud volcano of Cheduba Island, Arakan. Report on the Langria coal-field, South-west

Khasia Hills. Additional notes on the Umaria coal-field.

Part 4 — On the geology of part of the Gangasulan pargana of British Garhwal. On frag

ments of states and schists imbedded in the gneissose granite and granite of Lite North

west Himalayas. On the geology of the Takht-i-Suleman. On the smooth-water anchor

ages of the Travancore coast. On auriferous sands of the iiubansiri river, Pondicherry

lignite, and Phosphatic rocks at Musuri. Work at the Billa Surgam caves.

Vol. XVIII, 1885.

Part 1.—Annual report for 1884. On the country between the Singareni coal-field and the

Kistna river. Geological •■ketch of the country between the Singareni coal-field and Hy-

derabad. On coal ai d limestone in the Doigrung river, near Golaghat, Assam. Homo-

taxis, as illustrated from Indian formations. Afghan field-notes.

Part 2.—A fossiliferous series in the Lower Himalaya, Garhwal. On the probable age of the

Uandhali series in the Lower Himalaya. On a second species of Siwalik camel (Camel us

Antiquus, nobis ex F»1c. «mt Caut. MS.). On the Geology of Chamba. On the probabi

lity of obtaining water by means of artesian wells in the plains of Upper India. Fuither

considerations upon artesian sources in the plains of Upper India. On the geology of the

Aka Hills. On the alleged tendency of the Arakan mud volcanoes to burst into eruption

most frequently during the rains. Analyses of phosphatic nodules and rock from Mua-

sobree. '



 

Part J. — On the geology of the Andaman Islands. On a third species of Merycopotamtn.

Some observations on percolation as affected by current. Notice of the Pirthalla and

Chandpur meteorites. Report on the oil-wells and coal in the Thayetmyo district, British

Burma. On some antimony deposits in the Maulmain district. On the Kashmir earth

quake of 30th May 1885. On the Bengal earthquake of 14th July 1885.

Part 4.— Geological work in the Chhattisgarh division of the Central Provinces. On the Bengal

earthquake of July 14th, 1885. On the Kashmir earihquake of 30th May 1885. On tiie

results of Mr. H. B. Koote's further excavations in the Billa Surgam caves. On the

mineral hitherto known as Nepaulite. Notice of the Sabetmahet meteorite.

Vol. XIX, 1886.

Part 1.— Annual report for 1885. On the International Geological Congress of Berlin. On

some Palaeozoic Fossils recently collected bv Dr. H. Warth, in the Olive group of the Salt-

range. On the correlation of the Indian and Australian coal-bearing beds. Afghan and

Persian Field notes. On the section from Simla to Wangtu, and on the penological cha

racter of the Amphiboiites and Quartz-Diorites of the Sutlej valley.

Part 2.—On the geology of parts of Bellary and Anantapur districts. Geology of the Upper

Dehing basin in the Singpho Hills. On the microscopic characters of some eruptive rocks

from the Central Himalayas. Preliminary note on the Mammalia of theKarnul Caves. Me

morandum on the prospects'of finding coal in Western Rajputana. Note on the Olive

Group of the Salt-range. On the discussion regarding the boulder-beds of the Salt-range.

On the Gondwana Homotaxis.

Part 3.—Geological sketch of the Vizagapatam district, Madras. Preliminary note on the

geology of Northern Jesalmer. On the microscopic structure of some specimens of the

Malani rocks of the Arvali region. On the Malanjkhandi copper-ore in the Balaghat dis

trict, C. P.

Part 4.—On the occurrence of petroleum in India. On the petroleum exploration at Khatan.

Boring exploration in the Chhattisgarh coal-fields. Field-notes from Afghanistan : No. 3,

Turkistan. Notice of a fiery eruption from one of the mud volcanoes of Cheduba Island,

Arakan. Notice of the Nammianthal aerolite. Analysis of gold dust from the Meza val

ley, Upper Burma.

Vol. XX, 1887.

Part I.—Annual report for 1886. Field-notes from Afghanistan : Nd." 4, from Turkistan to

India. Physical geology of West British Garhwal j with notes on a route traverse through

Jaunsar-Bawar and Tiri-Garhwal. On the geology of the Garo Hills. On some Indian

image-stones. On soundings recently taken off Barren Island and Narcondam. Ona

character of the Tilcnir boulder beds. Analysis of Phosphatic Nodules from the Salt-

range, Punjab.

Part 3.—The tossil vertebrata of India. On the Echinoidea of the cretaceous series of the

' . Lower Narbada Valley, with remarks upon their geological age. Field-notes : No. 5—to

accompany a geological sketch map of Afghanistan and North-eastern Khorassan. On

the microscopic structure of some specimens of the Rajmahal and Deccan traps. On the

Dolerite of the Chor. On the identity of the Olive series in the east with the speckled

sandstone in the west of the Salt-range in the Punjab.

Part 3.—The retirement of Mr. Medlicott. Notice of J. B. MushketofPs Geology of Russian

Turkistan. Crystalline and metamorphic rocks of the Lower Himalaya, Garhwal, and Ku»

maun, Section I. Preliminary sketch of the geology of Simla and Jutogh. Note on the

'Lalitpur* meteorite.

Part 4.—Note on some points in Himalayan geology. Crystalline and metamorphic rocks of

the Lower Himalaya, Garhwal, and Kumaun, Section II. The iron industry of the western

portion of the district of Raipur. Notes on Upper Burma. Boring exploration in the

Chhattisgarh coal-fields. (Second notice.) Some remarks on Pressure Metamorphism,

with reference to the foliation of the Himalayan Gneissose-Granite. A list and index

k of papers on Himalayan Geology and Microscopic Petrology, published in the preceding

volumes of the Records of the Geological Survey of India.

Vol. XXI, 1888.

Parti.—Annual report for 1887. Crystalline and metamorphic rocks of the Lower Himalaya,

Garhwal, and Kumaun, Section III. The Birds'. nest or Elephant Island, Mergui Archipe

lago. Memorandum on the results of an exploration of Jessalmer, with a view to the

, discovery ot coal. A facetted pebble from the boulder bed ('speckled sandstone') of

Mount Chel in the Salt-range in the Punjab. Examination of nodular stones obtained

by trawling off Colombo.

Port a.—Award of the Wollaston Gold Medal, Geological Society of London, 1888. The Dhar-

war System, the chief auriferous rock series in South India. On the Igneous rocks of the

districts of Kaipur and Balaghat, Central Provinces, On the Sangar Marg and Mehowgala

coal-fields, Kashmir.
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Part 3.—The Manganese Iron and Manganese Ores of Jabalpur. 'The Carboniferous Glacial

Period.' The sequence and correlation of the pre-terliary sedimentary formations of th«

Simla region of the Lower Himalayas.

Part 4.—On Indian (ossil vertebrates. On the geology of the North-west Himalayas. O*

blown-sand rock sculpture. Re-discovery of Nunin ulites in Zanskar. On some mica-

traps from Barakar and Raniganj.

Vol. XXII, 1889.

Part f.—Annual report for 1888. The Dharwar System, the chief auriferous rock-series ia

South India. (Second notice.) On the Wajra Karur diamonds, and on M. Chaper's

alleged discovery of diamonds in pegmatite near that place. On the generic position of

the so-called Plesiosaurus Indicus. On flexible sandstone or Itacolumite, with special

reference to its nature and mode of occurrence in India, and the cause of its flexibility.

On Siwank and Narbada Chelonia.

Part 2.— Note on Indian Steatite. Distorted pebbles in the Siwalik conglomerate. 1 The Car.

boniferous Glacial Period.' Notes on Dr. W. Waagen's ' Carboniierous Glacial Period.*

On the oil-fields of Twingoung and Berne, Burma. The gypsum of the Nebal Naiii,

Kurr.aun. On some of the materials for pottery obtainable in the neighbourhood of Jabal

pur and of Umaria.

Part 3.—Abstract report on the coal outcrops in the Sharigh Valley, Baluchistan. On the

discovery of Trilobites by Dr. H. Warth in the Neobolus beds of the Salt-range. Geolo

gical notes. On the Cherra Poonjee coal-field, in the Khasia Hills. On a Cobaltiferoos

Matt from Nepal. The President of the Geological Society of London on the lutcraa-

tional Geological Congress of 1888. Tin-mining in Mergui district.

Part 4.— On the land-tortoises of the Siwaliks. On the pelvis of a ruminant from Use

Siwaliks. Recent assays from the Sambhar Salt-Lake in Rajputana. The Manganiferous

Iron and Manganese Ores of Jabalpur. On some Palagonite-bearing raps of the Rajiruhal

hills and Deccan. On tin-smelting in the Malay Peninsula. Provisional index of the locai

distribution of important minerals, miscellaneous minerals, gem stones, and quarry atona*

in the Indian Empire. Part I.

Vol. XXIII, 1890.

Part /.—Annual report for 1889. On the Lakadong coal-fields, Jaintia Hills. On the Pecto

ral and pelvic girdles and skull of the Indian Dicynodonts. On certain vertebral*

remains from tie Nagpur district (with description of a fish-skull). Crystalline and

metamorphic rocks of the Lower Himalayas, Garhwal and Kumaun, Section IV. On <!>e

bivalves of the Olive-group, Salt-range. On the mud-banks of the Travancore coast.

Part 3.—On the most favourable sites for Petroleum explosions in the Harnai district, Kale-

chistan. The Sapphire Mines of Kashmir. The supi-ised Matrix of the Diamond at

Wajra Karur, Madras. The Sonapet Gold-field. Field No'es from the Sban Hills (Upper

Burma). A description of son.e new species of Syringosphxridz, with remarks upoa

their structures, &c.

Part 3.—On the Geology and Economic Resources of the Country adjoining the Sind-Pishia

Railway between Sharigh and Spiutangi, and of the country between it and Khattaa.

(With a map.) Report of a Journey through India in the winter of 1888-89, °J Or.

Johannes Walther, translated from the German, by R. Bruce Foote. On the Coal-fields

of Lairungao, Maosandram, and Mao-belar-kar, in the Khasi Hills. (With 3 plans.)

Further Note on Indian Steatite. Provisiona1 Index of the Local Distribution of Important

Minerals, Miscellaneous Minerals, Gem Stoned., and Quarry Stones in the Indian Empir*

(continued from p. 286. Vol. XXII).

Part 4.—Geological sketch of Naini Tal ; with some remarks on the natural conditions govern

ing mountain slopes. (With a map and plate.) Notes on some Fossil Indian Bird Bones.

The Darjilibg Coal between the Lisu and the Ramthi rivers, explored during seasoa

1890-91. (With a map.) The Basic Eruptive Rocks of the Kadapah Area. The Deep

Boring at Lucknow. Preliminary Note on the Coal Seam of the Dore Ravine, Haaara

(with two plates).

Vol. XXIV, 1891.

Part t.—Annual report for 1890. On the Geology of the Salt-Range of (he Paajab, with a

re-considered theory of the Origin and Age of the Salt Marl (with five plates). On Vein*

of Graphite in decomposed Gneiss (Laterite) in Ceylon. Extracts from the Journal of a

trip to the Glaciers of the Kabru, Pandim, &c. The Sa'ts of the Sambhar Lake in Raj

putana, and of the Saline efflorescence called ' Reh' from Aligarh in the North-Wcstera

Provinces. Analysis of Dolomite from the Salt-Range, Panjab.

Part ».—Preliminary Report on the Oil locality near Moghal Kot, in the Shcrini country,

Suleiman Hills. On Mineral Oil from the Suleiman Hills. Note on the Geology of thai

Lushai Hills. Report on the Coal-fields in the Northern Shan States. Note on tua

reported Namseka Ruby-mine in the Mainglon State. Note on the Tourmalin* (Schorl)

Mines in the Mainglon State. Note on a Salt spring near Bawgyo, Thibaw State.



 

—Boring Exploration*''! the Daltongunj Coal-field, fii/iiBflj a map). Death of

Dk. P. Martin Duncan. Contributions to the study of the Pyroxenic varieties of Gneits

and of the Scapolite-bearing Rocks.

Part 4.—On a Collection of Mammalian Bones from Mongolia. Furtlier note on the

Darjeeling Coal Exploration. Notes on the Geology and Mineral Resources of Silckim

(with a map) Chemical and Physical notes on Rocks from the Salt-Range, Punjab

(with two plates).

Vol. XXV, 1892.

' Pettt f.— Annual report for 1801. Report on the Geology of Thai Chotiali and fait of the

Mari country (with a map and 5 plates). Petrological Notes on the Boulder-bed of the

Salt-Range, Punjib, Subrecent and Recent Deposits of the valley plains of Quetta,

Pishin and the Dasht-i-BedaoIat ; with appendices on the Chamans of Quetta ; and tie

Artesian water-supply of Quetta and Pishin (with one plate).

Part 2. — Geology of the Sated K6h (with 2 plates of sections). Report on a Survey of the

Jherria Coal-field (with a map and 3 section plates).

Par t 3.—Note on the Locality o' Indian Tscheftkinite. Geological Sketch of the country north

of Bbamo. Preliminary Report on the economic resources of the Amber and lade mines

area in Upper Burma. Preliminary Report on the Iron-Ores and Iron-Industries of the

Salem District. On the Occurrence of Riebeckite in India. Coal on Mr Great Tenasserim

River, Mergui District, Lower Burma.

Part 4.— Report on the Oil-Springs at Moghal Kot in the Shirani Hills (with 2 plates).

Second Note on Mineral Oil from the Suleiman Hills. On a New, Fossil, Amber-like

Resin occurring in Burma. Preliminary notice on the Triassic Deposits of the Salt-Range.

Vol. XXVI, 1893.

Part I.—Annual report for 1892. Notes on the Central Himalayas (with map and plate).

Note or. the occurrence of ]adeite in Upper Burma (with a map). On the occurrence a/

Bum.ite, a new Fossil Resin from Upper Burma. Report on the Prospecting Operations,

Mergui District, 1891-92.

Part 3.—Notes on the earthquake in Balfichistan on the 20th December 1892 (with 2 plates).

Further Note on Burmite, a new amber-like fossil resin from Upper Burma. Note on

the Alluvial deposits and Subterranean water-supply of Rangoon luith a map).

Part 3 — On the Geology of the Sherani Hills (with maps and plates). On Carboniferous

Fossils from Tenasserim (with I plate). On a deep Boring at Chandernagore. Note on

Granite in the districts o/Tavoy and Mergui (with a plate).

Part 4-— On the Geology of the countiy between the Chappar Rift and Harnai in Baluchistan

(with map and three plates). Notes on the Geology of a part of the Ten asserim Valley

with special reference to the Tendau-Kamapying Coal-held (with two maps). On a

Magnetite from the Madras Presidency containing Manganese and Alumina. On His-

lopiie (Haughton), (with a plate).

Vol. XXVII, 1894.

pa,t ;.— Annual report for 1893. Report on the Bhaganwala Coal-field, Salt-Range, Punjab,

(with map and 2 plates).

Part 2.— Note on the Chemical qualities of petroleum from Burma. Note on the Singareni

Coal-field, Hyderabad (Deccan). (With map and 3 plates of sections). Report on the

Gohna Landslip, Gnrhwal. (With 5 plates and 2 map»).

Part 3-— On the Cambrian Formation of the Eastern Sail-Range. (With a plate.) The Giridh

(Karharbari) Coal-field, with notes on the labour and methods of working. (With 2 maps

and 8 plates of sections.) On the Occurrence of Chipped (P) Flints in the Upper Miocene

of Burma. (With a plate.) Note cn the Occurrence of Velates Schmideliana, Chemn.,

and Provetates grandis, Sow. sp., in the Tertiary Formation of India and Burma. (With

3 plates.)
Part 4.— Note on the Geology of Wunthn in Upper Burma. (With a map). Preliminary

notice on (** Ecbinoids from the Upper Cretaceous System of Baluchistan. On Highly

Phosphatic Mica-Peridotites intrusive in the Lower Gondwana Rocks of Bengal. On a

Mica-Hypersthene-Hornblende-Peridoiite in Bengal. »

Vol. XXVIII, 1895.

part 1.— Annual report for 1894. Cretaceous Formation nf Pondicherry. Some early allu

sions to Barren Island ; with a few rematts thereon. Bibliography •/ Barren Island and

Narcondam,/rcm 1884 to ir'94; with some remarks.

Part 2.—On the importance of Cretaceous Rocks of I-outhern India in estimating the geo

graphical conditions during later crrtaceous t^mes. Report on the Experimental Boring

for Petroleum at Sukiur.from October 1S03 to March tSgS- The development ana Sub

division of the Tertiary system in Burma.

paTf 3 — On the Jadeite and other rods, from Tammaw in Upper Burma. On the Geology of

the Tdchi Valley. On the existence of Lower Gondwanas in Argentina.



 

A number of the Records will be issued in the months of February, May, August,

November in each year. Each number will contain the additions to Library and donatiooj i

Museum up to the first of the next preceding month,—that is, to the end of March, Jin

September, and December. *

Some extra copies of special papers are printed, and may be available separately.

>. d. K a.

Subscription for the year . . . . . 4 o or 3 o

Price of each Number 2 o „ 1 o

Postage, if for India, 4 annas additional.

11 ,, Great Britain, 8 annas or 1*. per annum.

* Second-hand copies arc sometimes available at a premium.

Apply to—

The Registrar, Geological Survey of India,

Calcutta.

MISCELLANEOUS PUBLICATIONS.

A Manual of the Geology of India. 4 Vols. With map. 1879-1887—

Vol. I. Peninsular Area. } By H. B. Medlicott, and W. T. Blanford. Price

Vol. 2. Extra-Peninsular Area. ] rupees (out ofprint).'

Vol. 3. Economic Geology. By V. Ball. Price 5 rupees (out 0/print).*

Vol. 4. Mineralogy. By F. R. Mallet. Price 2 rupees.

A Manual of the Geology of India, 2nd edition. By R. D. Oldham. (1893.) Price 8 rupees,

Popular guides to the geological collections in the Indian Museum, Calcutta—

No. 1. Tertiary vertebrate animals. By R. Lydekker. 1879. Price 2 annas (out of print

No. 2. Minerals. By F. R. Mallet. (1879.) Price 2 annas.

No. 3. Meteorites. By F. Fedden. (1880.) Price 2 annas.

No. 4. Palaeontological collections. By O. Feistmantel. (1881.) Price 2 annas.

No. 5. Economic mineral products. By F. R. Mallet. (1883.) Price 2 annas.

Descriptive catalogue of the collection of Minerals in the Geological Museum, Calcutta.

F. R. Mallet. (1883.) Price 2 rupees.

An Introduction to the Chemical and Physical study of Indian Minerals. By T. H. Holl

(1895). Price 8 annas.

Catalogue of the remains of Siwalik Vertebrata contained in the Geological Department of "

Indian Museum. By R. Lydekker, Pt. I. Mammalia. (1885.) Price 1 rupee. Pt I

Aves, Reptilia, and Pisces. (1886.) Price 4 annas.

Catalogue of the remains of Pleistocene and Pre-Historic Vertebrata contained in the Geolo

cal Department of the Indian Museum. By R. Lydekker. (1886.) Price 4 annas.

Bibliography of Indian Geology. By R. D. Oldham. (1888.) Price 1 rupee 8 annas.

Report on the inspection of Mines in India for 1893-94. By James Grundy. (1894.)

I rupee.

* Second-hand copies are sometimes available at a premium.

To be had on application to the Registrar, Geological Survey of India, Cale

London 1 Messrs. Kegan, Paul, Trench, Triibner & Co.












