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Part 3.—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.—Genera! results obtained from an examination of the gastropodous 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 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 Singbhoom, &c. Memorandum on the wells now being sunk at the European

Penitentiary, and at the site for the Central Jail, Hazareebagh. Meteorites.

Part a.—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.

fart 3.—Preliminary notes on the geology of Kutch, 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. Mineral*

ogical statistics of Kumaon division. The coal-field near Chanda, Lead in the Raipur

district. Meteorites.

Vol. Ill, 1870.

Part t.—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.

Port a.—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 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: t.—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 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 Oumagudem

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.

Part 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 2.—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 regiqn 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 /.-Annual report for 1872. The geology of the North-West Provinces.

Part 2—The Bisrampur coal-field. Mineralogical notes on the gneiss of South Mirrapur and

Paris- Notes0 oUnntarycelt found by Mr. Hacket in the ossiferous deposits of Narbada valley

(Pliocene of Falconer) : on the age of the deposits and on the associated .hells. On the

Barakars (coal-measures) in the Beddadanole field, Godavari district. On the geology of

narts 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-

rical notes on part of Northern Hazaribagh. .

Far* * -Geological notes on the route traversed by the Yarkand embassy from Shah-.-Dula

to Yarkhand and Kashgar. On the occurrence of jade in the Karakas valley, ou the

southern borders of Turkistan. Notes from the Eastern Himalaya. Petroleum ■" 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

/-.rrT-GeLbg^X^vations made on a visit to the Chaderkul, Thian Shan range. On

the former extension of glaciers within the Kangra district. On the budding 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 progTess of geological

investigation in the Godavari, district, Madras Presidency. Notes upon the subsidiary

materials for artificial fuel.

Vol. VIII, 1875.

Part 1.—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-east vVynaad, 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 Ndrbada region.

Note on coal recently found near Moflong, Khasia Hills.

Part 4.—Note on the geology of Nepal. The Raigarh and Hingir coal-fields.

Vol. IX, 1876.

Part i (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-genns 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

faunae of India and Burma.

Part 4.— On the age of some fossil floras in India. On the osteology of Merycopotamus dis-

similis. Addenda and Corrigenda to paper on tertiary mammalia. Occurrence of

Plesiosaurus in India. 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 vertebrata 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 seriesin 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 vicinit). On the diamonds, gold, and

lead ores of the Samba! 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

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 pala:ontological 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 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 progTess 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 /.—Annual report for 1878. Geology of Kashmir (third notice). Further notices of Siwalik

mammalia. Notes on some Siwalilc 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. Palaeontological notes from the Satpura coal-basin.

Statistics of coal importations into India.

Part 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.
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Annual Report of the Geological Survey of India and of the

Geological Museum, Calcutta, for the year 1896.

1. At the commencement of the year the disposition of the officers of the Survey

was that stated in the last annual report. During the year Dr. Warth and

Mr. Anderson resigned their appointments, the first on the 15th March, the second

on 1st September 1896.

Two officers have been granted furlough. Mr. Gfiesbach on 16th May,

Mr. Datta on 17th September 1896.

Both sub-assistanta are absent on leave, Lala Kishen Singh on medical certi

ficate from 1 st October 1896, and Lala Hira Lai on privilege leave.

Dr. Needing and Mr. Bose have been absent on furlough throughout the year.

Mr. L^.Touche returned from furlough on 13th October 1896.

2. Owing to retirements and departure of officers on furlough, the Survey is

working very short-handed during the present year ; the disposition is as

follows:

Mr. Middlemiss

„ Holland

„ I.aTouchb

„ Smith

„ Vredknburo

Grimes

5- Madras.

. Western Rajputan*.

. Assam.

. South Retvah.

. Burma.

Sub-Assistant Hira Lai will be posted to Madras on re'urn from privilege leave,

if his services are required by Mr. Middlemiss ; if not required, he will be kept at

head-quarters to assist in the transfer of the office of the Survey into the new

building.

3. Madras.—The survey of the Salem and Coimbatore Districts Ins been

energetically pushed forward, and it is expected that it will

Mr. C. S^M^ddllemiss. be compieted in ^97, when a full report of the results will

be submitted. The most important of these at present is

the conclusion Mr. Middlemiss has come to, that the massive granitoid gneiss of

Hosur, which had been regarded as probably older than the other types (Manual,

and edition, p. 35), cannot be said to be older or younger than the charnockite

gneiss, or to underlie or overlie it. At the limits of the two types of gneiss, they
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are seen to end in long tongues which interlock with each other, while a perfect

mineralogical passage from one type to the other has been observed.

4. In the neighbourhood of Satyamangalam, some patches of quartz schist, con*

taining numerous crystals of kyanite—which was at one place reported as corundum—

are regarded by Mr. Middlemiss as probably highly metamorphosed Dharwars.

'I he southern extensions of the main outcrops of this series, in its typical form, have

been mapped. In many cases, the nature of the boundary suggests that the gneiss

is in reality an intrusive granite, as there is a band of it crowded with fragments

of Dharwar rock, resembling inclusions. This is not the true explanation

according to Mr. Middlemiss, however, as there are many sections where the

Dharwars are clearly unconformable on the gneiss ; and he considers that the

apparent inclusions have been produced by a post-Dharwar softening of the

gneiss and movements of the rock while in this condition.

5. An interesting fact in connection with the Dharwars, which may be noticed

here though we owe it to Dr. J. W. Evans, Senior Geologist to the Mysore State, is

the discovery that the so-called reefs of the Kolar goldfield are not reefs in the

ordinary sense of the word; but true interbedded quartzites of the same character

as the famous gold-bearing deposits of the Transvaal. v

In the neighbourhood of Kollegal, some gold-bearing reefs were examined by

Mr. Middlemiss. One of these near Kavudahalli (Cowdalli)

is now being exploited by a mining company and good

lodes carrying 1 to z\ ounces of gold to the ton are said to have been found. It

is noteworthy that Mr. Middlemiss considers that the rocks of the Kavudahalli

field do not belong to the Dharwar series, as was suggested by Mr. Foote {Re

cords XXI, p. 55). Mr. Foote, it must be remembered, had not visited this locality,

and his suggestion that the Dharwar series might be represented there was purely

an inference from the known existence of old workings, and the fact that in the

country he had surveyed all the gold-bearing rocks were confined to the Dharwar

series. It was known that the gold of the Wynaad occurred in rocks very

different to those of the Dharwar series in its typical exposures, but in the absence

of a special examination, the possibility remained that the difference might onlyl>e

due to a greater degree of metamorphism. Mr. Middlemiss' work makes it more

probable that the difference is a real one, and that the gold of Southern India is

bound in two different rock systems and is not confined to one. The discovery,

noticed above, that the gold-bearing rock of the Kolar goldfield is a true metamor-

phic quartzite, suggests that the gold is of derivative origin, and is consequently

an independent indication of an older series of gold-bearing rocks, from which

the gold was derived.

6. Concurrent with the purely geological survey, the special investigation of the

corundum-bearing rocks has been actively carried on, and

has resulted not only in the discovery of many new localities,

but, what is more important, of the fact that the corundum occurs in definite

bands of rock which can be followed with almost the same certainty as a seam of

coal. One such band—known as the Paparapatti band—has actually been traced

continuously for a distance of 36 miles.

7. The preliminary survey being sufficiently advanced to render the commence

ment of exploratory workings desirable, with a view to testing the extent and

richness of the corundum-bearing rock, arrangements were made with the Govern
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ment of Madras for the carrying out of this work. Owin? to the resignation of

Mr. Anderson—who had been intended to take charge of this work—a modifica

tion of the original plans had to be made, and it was arranged that a series of excava

tions should be made by the Public Works Department, at places to be pointed out

by Mr. Middlemiss. These excavations or quarries as they will be, are intended

to show the thickness of the corundum-bearing bands, and whether they are

continuous or occur as lenticular patches. A fair average sample of the rock

extracted, of sufficient size to give a trustworthy estimate of the richness of the rock,

is to be carefully cleaned by hand and the proportion of corundum to matrix

determined by weighing. Samples of the cleaned corundum and of the rock will

then be sent to the Secretary of State for submission to experts with reference to

(1) the value of the cleaned product and (2) the best means and probable cost of

separation. Owing to the fact that each crystal of corundum is surrounded by a

shell of felspar, from which it separates as readily as the kernel of a nut from its

shell, there will be no difficulty about the mechanical separation of the corundum

from its matrix, and the whole question of the possibility of working these deposits

on an industrial basis will resolve itself into the three questions, of quantity of ore,

value of the finished product, and cost of production. The first of these will be

determined by the operations carried out locally ; for the latter two, the reports of

the experts will give the answers. In this manner, a result will be attained both

more satisfactory in itself and more economically than by the employment, on

purely exact executive work of a nature that does not require any very high stand

ard of attainments, of a highly paid specialist, who would not have been able to

answer the questions which must be submitted to European or American experts.

Operations are now in active progress, and the results of the first weighings give

150IDS. of clean corundum from 1 ton of rock.

8. Several new discoveries of iron ores have been made during the progress of

the survey and previously known sites re-visited. An ap-

ron" plication has also been made by the Government of

Madras for the examination of the iron ores of Kurnool, but in view of the report

of Mr. Jeremiah Head, addressed to Her Majesty's Secretary of State for India,

dated 2nd May 189^, which shows that there is no possibility of locally manu

factured charcoal iron competing with the imported product, all special investiga-

tions of iron ores in Madras would appear to be a waste of time. In the case of

the iron ores of Kanjamalai, near Salem, it has been decided to send 100 tons

home for an exhaustive trial On a large scale, and until the results of this are known,

any special examination of iron ores, apart from what can be done in the course

of regular survey, is to be deprecated.

9. In February an application was made by Messrs. Sugg and Company for a

consignment of 20 tons cf steatite from the Kurnool Dis-

Steatite. ^^ an{j ^ departrnent instructed to inspect the consign

ment before despatch. The necessary Instructions were accordingly issued to

Mr. Middlemiss, who reports that of the 28 tons, which were extracted by the District

authorities, a large part was in too small fragments to be of any use, and only a

very small proportion reached the dimensions which appear to be required. H»

has condemned 13 of the 28 tons and recommended that the other 15 be for

warded to Messrs. Sugg and Company for trial.
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to. Bengal.—At the commencement of the year, the partv was still engaged on

exploration, but in February a site was selected by Mr.

Chota Nagpur. Anderson where mining operations were commenced and

Mr. w. Anderson. stamps set up, but there was great delay in starting them, a

Laia Hira Ul. delay ostensibly due to the non-supply of certain requisite

stores, the exact description of which I had great difficulty

in obtaining from Mr. Anderson. The final results of the crushings were dis

appointing and inconclusive beyond showing that the quartz at Dhobni near

Borobhum, worked by Mr. Anderson, contained practically no gold.

ii. Central India.—During the working season of 1895-96 the survey of Rewah

had been practically completed and would doubtless have

Mr. R. D Oldham. keen nmsned, DUt Ior tne phenomenal unhealtliiness of the

„ P. N. Datta. season, Messrs. Datta and Grimes were both completely

',', G. E^Grimesf " prostrated before the end of the season, while among the

establishment and servants fever was rampant.

12. The work in the rocks which have been grouped for convenience as transi

tion has resulted in the establishment of at least one well-marked unconformity.

The existence of this had been suspected from the previous season's work, but,

though now well established, it will not be possible at present to devote the time

necessary for detailed mapping to the determination of the exact distribution of

the two series. It is also extremely doubtful if this could be done without a more

perfect topographical map, on a larger scale than is at present available.

13. In the Vindhyan system, Mr. Datta's survey seems to show that there is a

complete conformity between the lower and upper Vindhyans along the boundary

at the foot of the Kaimur scarp. Certainly if there is any unconformity it is of the

slightest, extremely difficult of detection, and in most striking contrast to the well-

marked unconformity observable a few miles to the southwards, as described in

Records XXVIII, p. 139. This contrast in the relations of the series at places,

so close together, is a strong support of the suggestion regarding the nature and

mode of origin of the Vindhyan sandstones, first propounded in the Manual cf the

Geology of India, 2nd edition, p. 104.

14. In the Gondwana area, the survey of the western extension of the Singrauli

coalfield was carried out and some discoveries of interest made in the course of it.

In the Talchirs of Singrauli, a large number of the included boulders were found

to show striation and polishing, resembling that to be seen on the boulders in

glacier moraines, and more especially in what is known in Switzerland as "Grund

Moran." This is not only a new locality for these scratched boulders, but one in

which they are more abundant and perfect than has yet been recorded from the

Talchir boulder bed of the Peninsula.

15. In the area occupied by the Damuda rocks, a number of coal seams were

observed ; the assays of the specimens brought to Calcutta

have given poor results, but it must be remembered that

they were only weathered specimens from the outcrop. There is here a large

coalfield with an abundant supply of coal, but too remote from the existing lines

of communication to hold out any prospect of successful working in the immediate

future.

16. An interesting collection of fossils was made ; amongst them, a cluster of
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fronds of Glossopteris attached to their rootstock, which shows the characters of

Vertebraria. A somewhat similar discovery of Glossopteris fronds attached 10

Vertebraria has been recorded from South Africa,* and the true nature of that

mysterious fossil known as Vertebraria may now be taken as settled.

17. It is noteworthy that the numerous intrusions mapped are all basaltic and

that none of the peridotites which have been described by Mr. Holland from the

eastern coalfields of Bengal were observed.

18. Baluchistan.—During the working season of 1895.96, Sub-Assistant Kishen

. . „. . _. Singh was engaged on the survey of the Chehiltan range
Lala Kishen Singh. , , .. T,, .. . , * , . . "■"&"

and part of the Khwaja Amrdn, and in the collection of

fossils from the hills near Khelat. According to his report, the Khojak shales

underly the ' massive limestone ' (Jurassic) with a marked unconformity. This

observation, if confirmed, is inconsistent with the eocene age ascribed to the former

rocks by Mr. Griesbach in his original report (Memoirs, XVIII), and subsequently

confirmed by the discovery of nummulites, as announced in the Annual Report

for 1894 ; on the other hand, it is in accordance with the conclusion, adopted

in the second edition of the Manual, that these shales are older than tertiary, and

not impossibly triassic in age. The grounds for this correlation are, as was stated,

very inadequate ; no fossils had then been found in any part of them, and it was

only the exigencies of classification that led to any definite age being ascribed, even

conjecturally. The most probable explanation is that the Khojak shales belong

to more than one stratigraphical series, and that the apparent discrepancy will

vanish when this region is fully surveyed.

1 9. The collection of fossils from the neighbourhood of Khelat has not yet been

examined, but Dr. Carter's discovery of Orthoceras has not been repeated.

20. Rajpulana.—The survey of Rajputana has been resumed during the present

working season, and Mr. LaTouche is engaged in Southern

Mr. 1. D. La lout w. Marwar. The commencement of field work was delayed

by causes beyond control and no results of importance can yet be reported.

21. Punjab.—During part of the recess season, Mr. Hayden was deputed to

complete the geological survey of Simla and Mahasu, of

Mr. ff'Ti'rHaydcn. *hich a preliminary account was published in Records,

Vol. XX, p. 143. Besides some minor modifications in

detail of the mapping of Simla proper and the extension of the survey over the

Mahasu ridge, Mr. Hayden was able to complete the examination of Jutogh, to

which I was unable to devote more than a slight attention in 1887, and to deter

mine in detail the sequence of the rocks grouped as the upper or Jutogh carbona

ceous slates and limestones.

22. In the course of this survey, some light has been thrown on a vexed question

in the geology of Simla and Jutogh. It has long been known (see H. B. Medli-

cott. Memoirs III, pt. 2, p. 34) that the rocks at the summit of Jako show a much

higher degree of metamorphism than in the bottoms of the surrounding valleys •

where we find slates and phyllites, from which there is a passage, as the hills are

ascended, though more and more schistose rocks, to a highly crystalline garneti-

ferous mica schist. In 1887, I discussed the three alternative explanations which

were possible, but the facts then collected were insufficient to decide between

them. Mr. Hayden's observations indicate the probability that, in the case of

• R. Zeiller. Compte* Rendui, CXX1I, p. 744, and Bull. Soc. Geol., France, 3rd Ser., XXIV, p. Mo.
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Jutogh at least, there is a central core of igneous rock to whose intrusion the

metamorphism of the beds is due. He finds that the whole series of beds on the

Jutogh hill show unmistakeable signs of contact metamorphism and in two places

intrusive diorite was found in the form of numerous dykes and veins cutting the

sedimentary rocks, which had been altered almost beyond recognition.

33. Norlh-Weslern Provinces.—-The investigation of the stability of the hill

Naini Tal. S'deS in Naini ^al haS bee" comPleted and a ful1 rePort

Mr T H Hollanl published. As originally proposed, this investigation was

to have been carried out by an officer of the Geological

Survey in conjunction with an Engineer and was to have included specific recom

mendations as to protective measures to be undertaken. Owing to various causes

this programme was not carried out, and the investigation and report were made

by Mr. Holland alone. It is a very complete and, it is anticipated, final statement

of the conditions of the problem, the nature of the dangers to be apprehended, and

the character of the remedied measures required. The execution of these, when

decided on, must be left to the Public Works Department, which will find in Mr.

Holland's report the fullest information regarding those aspects of the problem

which would not come within the cognizance of its officers, but which must be

attended to if more harm than good is not to result from its operations.

24. Assam.—The survey of Assam has been resumed during the present

M h «; • h working season, and Mr. Smith is at present engaged on the

survey of the eastern part of the Mikir hills. It is hoped

that some light may be thrown on the manner in which the cretaceous and

nummulitic rocks pass north-eastwards, and on the manner of their final disappear

ance. It is probable too that coalfields of value to the Assam-Bengal Railway may

be met with in the course of the survey.

25. During the field season of 1895-96, Mr. Hayden was employed in Burma,

Burma. following the precedent of former years, under the direct

Mr. H. H. Hayden. orders of the Local Government. After the completion of

„ G. E. Grime*. tne examination of the Sagyin ruby tract, which was referred

to in last year's report, he was instructed to examine the Mithwe coalfield, a yellow

ochre deposit near Panp6, and the steatite mines which were reported to be

situated in the Minbu District, but which were found to be in the Kyaukpyu

District of Arakan.

26. The Mithwe coalfield is situated about 5 miles south-east of La gat and

consists of tertiary clays, sandstones and conglomerates.

The coal occurs in thin seams, the best of which is 2' 8'

thick, but only extends for 112 fret along the outcrop ; it is shaly and poor, and the

beds are highly disturbed, faulted, crushed and penetrated by intrusions of gabbro,

diallage rock and serpentine.

27. Of the yellow ochre deposit little more need be said than that it exists,

Ochre. with a varying thickness, whose maximum is 30 feet.

»8. The steatite of the Kyaukpyu District is found in considerable quantity and

has hitherto been mined at two localities, about 30 miles

tca ' c- west of the village of Hpa-aing and near Senlan village in

Ngape township. Both these villages are in the Minbu District, but the first

named mines are on the west on the watershed, and consequently in the Kyaukpyu

District. The mines descend as much as 200 feet by narrow tortuous shafts,
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and are abandoned in the rains owing to the influx of water, and the risk the

miners run of finding themselves shut in by falls of rock in the untimbered shafts

and galleries.

39. These results cannot be regarded as satisfactory either from a scientific or

economic point of view. For this, Mr. Hayden can in no way be held responsible ;

on the other hand, his work, carried on under circumstances of exceptional diffi

culty, attended by no small hardship, and in spite of his being hampered by the

want of proper maps for the execution of a geological survey, the scattered distri

bution of the localities visited, and by the imperfect, where not misleading,

information supplied to him, is deserving of the highest praise. The failure can

only be ascribed to the conditions under which he worked, conditions which

were necessary and advisable in the early days when the province first came

under British rule, but which had unfortunately been allowed to survive their

utility. All the principal known mineral tracts of Upper Burma have now

been visited and examined as far as can be done in the absence of accurate

topographical maps, and it is not to be expected that the Local Government,

having no responsible adviser, should be able to profitably direct work of so

technical a nature as the geological survey. The system has now been ended,

and the geological survey in Burma been put on the same footing as in other parts

of the Empire.

30. The report on the Yenangyoung oilfield, referred to in the last annual leport,

is now in a very forward state, and will be published shortly.

Petroleum. jn ^ Dr Noetling shows that the Yenangyoung field is

already showing signs of exhaustion, and in view of this, and his belief that the

field has only a few more years of life, it was determined to take up the survey

of the country between the Yenangyoung and Yenangyat oilfields, with a view

to determining whether there was any reasonable prospect of a fresh oilfield

being found in that tract. Mr. Grimes was deputed for the work and started for

Burma at the end of October ; good progress has been made with the survey and

already indications have been met with of the existence of a fresh oilfield, but

no more definite statement can at present be made.

31. On his way to the ground, Mr. Grimes visited the Yenangyoung oilfield in

order to make himself acquainted with the rocks he would meet with during

his survey, and in the course of this visit observed an interesting improvement

which had been adopted by the well-dipgers. Formerly, the stay which a digger

could make at the bottom of a deep well was to be timed by seconds, while a long

period of rest at the surface was required to enable him to recover from the effects

of the noxious vapours he had inhaled. Mr. Grimes noticed that they had now

adopted the use of a diving dress, without the heavy weights required for work

under water ; the use of this apparatus has been introduced during the last five

months, and there are already six machines at work. One result is the cheapening

of the excavation, for instead of remaining down only a fraction of a minute at a

time, the workman can now stay down for hours ; another is that the depth to

which a well can be dug is increased, instead of being limited to about 300

feet on account of the great difficulties encountered under the old system ; and a

third—the consequence of the last — is an increase of the life of that part of the

field which is worked by the native method.
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32. Museum and Laboratory.—Mr. Holland has continued his petrological

studies of Indian rocks, the principal of which, during the

Mr. T. H. Holland. past year, has been a study of the basic intrusive rocks of

Mr. T. R. Blyth. ■ 1 . . / . .
ancient date. A series of these, penetrating the crystalline

rocks of Southern India, had been regarded as the underground equivalents of the

lava flows of the Cuddapah series ; the penological examination has confirmed this

supposition and has besides shown them to be of unusual interest in themselves.

33. The rocks are divided into three groups, which, though separated for con

venience of description, pass into one another by imperceptible gradations.

They are (i) olivine norite group, (2) augite norite group, and (3) augite dio-

rite group. The order of succession of the minerals is constant throughout,

the late development of the felspar in the basic types giving rise to a remark

able roicropegmatitic structure.

34. The olivines in the more basic members show remarkably well-developed

" reaction-borders," where they come in contact with the plagioclase crystals,

and Mr. Holland has discussed the bearing of the evidence they offer on previ

ously recorded conclusions concerning similar phenomena.

35. The most interesting feature, however, is the constant presence of micropeg-

matiie in the augite diorite group, playing the part of groundmass to the previously

crystallized felspar and pyroxene. Mr. Holland regards these patches of micro-

pegmatite as the result of a distinctly late phase in the consolidation of the rock, and

discusses the interesting bearing of these facts on the association of these basic locks

with granophyres ami on the almost constant miarolitic structure of the latter rocks.

36. An important study of the corundum-bearing rocks of India has also been

completed, in connection with the preparation of a memoir on the subject, now

ready for the Press ; this has resulted in the discovery of some interesting facts

in connection with the paragenesis of this important mineral, and especially with

regard to its relations with the pyroxene granulite series, so largely developed in

Madras. At Singanamaranhalli, in the Hunsur taluk of Mysore, the corundum

beds were found by Mr. Holland to be associated with an intrusion of olivine-

bearing rocks, similar to those of the well-known Chalk Hills near Salem, and

large masses of a rock composed of a highly ferriferous enstatite with magnetite

and the iron-alumina spinel, hercynite. The association here is very strikingly

like that of the rocks in which the corundum (emery) occurs in the Cortland

series of New York State, where there is a development of pyroxenic granulites

and ultrabasic rocks, presenting characters precisely similar to those of the char-

nockite and norite series in South India. A similar association of corundum with

hercynite, magnetite, and rhombic pyroxenes has been described on the eastern

edge of the Bohemian Forest, the original home of the mineral hercjnite. Speci

mens obtained from the Hindnpur taluk of Bellary district show an immediate

contact of corundum with hercynite and magnetite, whilst in Chennimalai, Erode

taluk, Coimbatore district, corundum crystals are found surrounded with hercynite.

37. These occurrences of corundum stand in apparent contrast to those which

have been described by Mr. Middlemiss in the Salem and Coimbatore districts.

where, instead of being associated with ultrabasic rocks, the corundum appears as a

member of the ordinary gneisses and is never far from intrusions of graphic granite.

Such also seem to be the relations of the blue corundum discovered by Dr. Warth
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in Manbhum district of Bengal. In describing the latter specimens, Mr. Holland

has compared them with a similar occurrence of blue corundum with kyanite,

andalusite, and damourite in Virginia, United States of America, in which Dr.

Genth considers the last-named three minerals as derived from the corundum ; but

the Manbhum specimens offer no support to such a conclusion. The corundum

crystals are well formed, with lustrous faces, and are small compared with the beau

tiful great crystals of kyanite, in which they lie without apparent regularity of

crystallographic disposition. If the latter mineral and the mica were formed by

change of the former, there would surely be the usual signs of etching and ir

regularity of contour due to decomposition. The case seems a very simple one of

separation, under conditions of free molecular movement, of the excess of the simple

base, alumina, followed by a crystallization of its silicate as kyanite, the mica being

secondary and derived by irregular change of the latter mineral. Such a conclu

sion is in agreement with the facts and is in accordance with the commonly-

observed order of events in most crystalline rocks.

38. Personnel.—With the end of 1896, Mr. Holland's charge of the Museum

and Laboratory has terminated, as the decision has been arrived at that it is neces

sary, in the interests of the public service, that he should acquire a practical expe

rience of the ordinary field work of the Survey. During the six years he has been

in charge of the Museum, the record has been one of continuous progress. In

addition to the numerous petrological researches and economic enquiries to which

previous annual reports and the publications of the Survey bear witness, the whole

of the mineral and rock collections have been rearranged, the rocks, numbering

over 17,500 specimens, have been re-registered and put into such order that any

required specimen can be promptly referred to, and the specimens exhibited to the

public completely rearranged ; the mineral and economic collections amounting to

over itS.ooo specimens were left in perfect order by Mr. Mallet, but the growth of

the collections since his retirement lias necessitated much work in rearranging the

specimens to make room for the additions, and the collection has been revised and

re-labelled. A guide to the mineral collection has been published, while guides to

the collections of rocks and of economic geology are being prepared and will appear

in due course.

39. It is not, however, too much to say that this record of work done would have

been impossible, but for the zealous and efficient assistance of Mr. Blyth, whose

services have been recognized by the Government of India, and rewarded by a

permanent increase of salary.

40. Little work has been done in the collection of fossils, which have unfortun

ately fallen into a state approaching disorder. This is to be attributed in part to the

lengthened absences of the Palaeontologist from Calcutta, but mainly to the absence

of any competent assistant to take charge of the collections and see to the neces

sary routine of posting the registers, storing the specimens, and attending to the

periodical cleaning of the cases and renewal of labels. Mr. Blyth's time is already

fully occupied, and the appointment of another assistant has become imperative if

the large and valuable collection of fossils is not to lapse into a state of chaos.

41. During the year the Survey has lost the services of Dr. Warth, who retired on

pension on 15th March 1896, and Mr. W. Anderson, who resigned his appointment

on 1 st September. Neither of these vacancies has been filled up, and as regards
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the last mentioned, it is doubtful whether any advantage is to be derived from

attempting to fill it up. Experience has shown that it is practically impossible to

obtain men of the stamp desired when Mr. Anderson was appointed, and the

reason is not far to seek. Men with technical knowledge of exploitation of miner

als naturallr prefer to take service with mining companies, from whom they not

only expect higher salary than they are likely to get in the service of the" Govern

ment, but from whom they may expect as the reward of zeal and competence, a

permanent employment on an increasing income, as the venture they conduct

advances in prosperity. It is also very doubtful whether the services of such men

are either necessary or desirable for the work which alone can be reasonably ex

pected of the Government. I am strongly of opinion that it will be in every way

more satisfactory that all economic investigations should be carried out under the

scientific supervision of the permanent officers of the Geological Survey, and that

the only special assistance required is for the sinking of quarries, shafts, or bore

holes, as the case may be. This is the procedure which has been adopted for the

investigation of the corundum deposits of Madras (para. 7), and I would urge that

the experiment be given a fair trial before a highly paid so-called specialist is

again appointed to carry out work, which is well within the competence of the per

manent staff of the Survey.

42. Messrs. Vredenburg and Grimes were employed in Rewah during their first

season. Mr. Vredenburg has shown great thoroughness and care in the work en

trusted to him and gives promise of becoming a thoroughly efficient member of the

Survey. Mr. Grimes was much hampered by ill-health as already noticed ; when

sent into a country, the rocks of which were unknown to him, except from printed

descriptions, he showed considerable power of adapting himself to the changed

circumstances and has done creditable work. I have considered that he, as well

as Mr. Vredenburg, may be trusted with independent charge, and they have been

employed in Burma and South Rewah respectively, as has been mentioned above.

Reports received from both during the past three months have shown satisfactory

progress in spite of considerable difficulties encountered.

43. Publications.—The long-delayed Memoirs on the Bellary district, by Mr.

R. B. Foote, F.G.S. (Vol. XXV), and on the Hazara district, by Mr. C. S.

Middlemiss (Vol. XXVI) have been published. The contents of both have been

noticed in previous annual reports. Of the Palaeontologia Indica, part 1, Vol. I,

Series XVI, The Fauna of the Kellaways Mazar Drik, by Dr. Ncetling, has been

published. Parts 2 and 3 of the same volume and Dr. Diener's description of

the lower trias fossils of the Himalayan collection are well advanced towards publi

cation, as well as Dr. Nestling's Memoir on petroleum in Burma. In addition, the

report on the geological structure and stability of the hill slopes around Naini Tal

has been published, to which reference has already been made.

44. During the year two important papers have been published bearing on

Indian geology. The first of these is the description by

independent pufeljea- jj. Zeiller of a collection of fossils from the coalmeasures
tions. rw

of the Transvaal, to which reference has been made jn

para. 16. The second is the long-expected description by Professor Judd* of the

collection made by Mr. Barrington Brown from the ruby mines of Upper Burma.

The crystalline limestones in which the rubies occur are associated with pyrox'

•Phil. Trans. CLXXXVII, p. 151.
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enic and scapolite-bearing rocks, resembling the pyroxenic (hypersihene-bearing)

rocks of Madras. These limestones are regarded as an extreme form of altera

tion of lime-bearing pyroxene gneisses, the formation of scapolite being described

as a step in the formation of calcite from plagioclase felspar. The source of the

alumina and magnesia in the rubies and spinels, and of the calcite in which these *

minerals are imbedded, is taken to be the basic lime felspar (anorthite) and asso

ciated minerals of the pyroxene gneisses.

45. It will be seen that according to Professor Judd the corundum and its matrix

are both products of alteration of a pre-existing rock, while Mr. Holland, from his

studies of the corundum-bearing rocks of Madras, regards the corundum as an

original, and in fact the first formed, constituent of the rock in which it occurs-

Such discrepancies must be excepted while our knowledge of the chemical reac

tions, which go on in the interior of the earth, remains as' imperfect as it is at

present, and there are sufficient differences in the modes of occurrence of the

corundum of the Ruby Mines and of Southern India to render it possible, and

even probable, that its mode of origin was not the same in both cases.

46. The additions to the library during the past year amount to 2,396 volumes

and parts of volumes, of which 1,370 were acquired by

presentation and 1,026 by purchase.



12 Records of the Geological Survey of India. [vOL. XXX.

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 1896.

Adelaide.—Geological Survey of South Australia.

„ Royal Society of South Australia.

Baltimore.—Johns Hopkins University.

Basel.— Naturforschende Gesellschaft.

Batavia.—Kon. Natuurkundige Vereeniging in Nederl.—Indie.

Belfast.—Natural History and Philosophical Society.

Berkeley.—University of California.

Berlin.—Deutsche Geologische Gesellschaft.

„ K. Preuss. Akad. der Wissenschaften.

„ K. Preuss. Geologische Landesanstalt.

Bombay—Meteorological Department, Government of Bombay.

,, Natural History Society.

„ Royal Asiatic Society.

Bordeaux.—Socidte" Linndenne de Bordeaux.

Boston.—American Academy of Arts and Sciences.

Society of Natural History.

Breslau—Schlesische Gesellschaft fur Vaterl. Cultur.

Brisbane.—Geological Survey of Queensland.

„ Royal Geological Society of Australasia.

„ Royal Society of Queensland.

Bristol.—Naturalists' Society.

Brussels.—Acad^mie Royale des Sciences.

„ Mus£e Roy. d'Hist. Nat. de Belgique.

„ Socie'te' Beige de Geographic

„ Soci&e' Royal Malacologique de Belgique.

Bucharest.—Museului de Geologia si de Paleontologia.

Budapest.—Kon. Ungarische Geologische Anstalt.

„ Ungarische National Museum.

Buenos Aires.—Acad. National de Ciencias.

Caen.— Socie^ Linn^enne de Normandie.

Calcutta.—Agricultural and Horticultural Society of India.

„ Asiatic Society of Bengal.

„ Calcutta University.

„ Editor, The Indian and Eastern Engineer.

„ Meteorological Department, Government of India.

„ Survey of India.

Cambridge.—Philosophical Society.

„ University of Cambridge.

„ Woodwardian Museum.

Cambridge, Mass.—Museum of Comparative Zoology.

Canada.—Hamilton Association.

Cassel.—Vereins fur Naturkunde zu Kassel.

Cincinnati.—Society of Natural History.

Copenhagen.—Kong. Danske Videnskabernes Selskab.
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Dehra Dun.—Great Trigonometrical Survey.

Des Moines.—Iowa Geological Survey.

Dresden.—K. Min. Geological und Praehist. Museum.

„ Naturwissenschaftliche Gesells. Isis.

Dublin.—Royal Dublin Society.

„ „ Irish Academy.

Edinburgh.—Geological Society.

„ Royal Scottish Geographical Society.

., „ „ Society of Arts.

„ „ Society.

Glasgow.—Glasgow University.

„ Philosophical Society.

Gotha.—Editor, Petermann's Geog. Mittheilungen.

Gottingen.—K. Gesells. der Wissenschaften.

Halifax.—Nova Scotian Institute of Science.

Halle.—Naturforschenden Gesellschaft.

H Academia Caesarea Leop.-Carol. Nat. Curiosorum.

Jefferson City.—Missouri Geological Survey.

K6nigsbf.ru .—Physikalisch-Okonomische Gesellschaft.

Lausanne.—Socidte" Vaudoise des Sciences Naturelles.

Leipzig.—Kon. Sach. Gesells. der Wissenschaften.

„ Vereins fur Erdkunde.

Liege.—Soci&e" Geol. de Belgique.

Lisbon.—Section des Travaux Geol. du Portugal.

Liverpool.—Geological Society.

London.—British Museum (Natural History).

„ Geological Society.

„ Iron and Steel Institute.

„ Linnean Society of London.

,, London Library.

„ Royal Geographical Society.

„ „ Institution of Great Britain.

„ „ Society.

„ Society of Arts.

„ Zoological Society.

Lyons.—Museum d'Hist. Naturelle.

Madras.—Literary Society.

Madrid.—Sociedad Geografica de Madrid.

Maine.—Portland Society of Natural History.

Manchester.—Geological Society.

„ Literary and Philosophical Society.

Melbourne—Department of Mines and Water-Supply, Victoria.

„ Royal Society of Victoria.

Mexico.—Istituto Geologico de Mexico.

Milan.—Soci&a Italiana di Scienze" Naturali.

Moscow.—Soci&e- Imp. des Natura'istes.

Munich.—Kon. Bayerische Akad. der Wissens.

"

'
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Naples.—Reale Acad, delle Scienze Fisiche e Matematiche.

Newcastle-upon-Tyne.—North of England Institute of Mining and Mechanical

Engineers.

New Haven.—Editor, American Journal of Science.

New Yore.—Academy of Sciences.

Ottawa.— Geological and Natural History Survey of Canada.

Paris.—Department of Mines.

„ Editor, Annuaire Géologique Universe!.

„ Ministere des Travaux Publics.

„ Museum d'Histoire Naturelle.

„ Société de Geographic.

„ „ Géologique de France.

Penzance.—Royal Geological Society of Cornwall.

Philadelphia.—Academy of Natural Sciences.

„ American Philosophical Society.

„ Franklin Institute.

„ Wagner Free Institute of Science.

Pisa.—Società Toscana di Scienze Naturali.

Rio-de-Janeiro.—Imperial Observatory.

Rochester.—Geological Society of America.

Rome.—Reale Accad. dei Lincei.

„ „ Comitato Geologico d'Italia.

„ Società Geologica Italiana.

Sacramento.—California State Mining Bureau.

Salem.—American Assoc, for the advancement of Science.

„ Essex Institute.

San Francisco.—California Academy of Sciences.

Springfield.—Illinois State Museum of Natural History.

Stockholm —Kon. Svenska Vetenskaps Akademie.

St. Petersburg.—Académie Imperiale des Sciences.

„ Comité Géologique.

„ Musée Geol. de l'université Imperiale.

Russ. Kaiser. Mineralogische Gesellschaft.

Strasburc— Strasburg University.

Sydney.—Australian Museum.

„ Dept. of Mines and Agric, N. S. Wales.

„ Geological Survey, ».

„ Linnean Society, ,.

Royal „ »

Tokio.—Deutsche Gesells. fùr Natur und Volkerkunde.

„ Imperial University of Japan.

1 Toronto.—Canadian Institute.

Turin.—Osservatorio della R. Università.

„ Reale Accad. delle Scienze.

Upsala.—Upsala University.

Venice.—Reale Istituto Veneto di Scienze.

Vienna.—K. Akad. der Wissens. -

„ K. K. Geog. Gesellschaft.
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Vienna.—K. K. Geol. Reichsanstalt.

„ K. K. Naturhistorischen Hof.-Museum.

Warsaw.—Inst. Agronomique et forestier.

Washington.—Smithsonian Institution.

„ TJ. S. Dept. of Agriculture.

„ „ Geological Survey.

Wellington.—Mining Dept, New Zealand.

„ New Zealand Institute.

York.—Yorkshire Philosophical Society.

Zurich.—Naturforschende Gesellschaft.

The Governments of Bengal, Bombay, India, Madras, North-Western Provinces

and Oudh, and the Punjab. '

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

The Resident, Hyderabad.

s
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On some Norite- and associated Basic Dykes and Lava-flows in Southern

India. By Thomas H. HOLLAND, A.R.C.S , F.G.S., Officiating

Superintendent, Geological Survey of India.

CONTENTS.

I. Introduction

II. Geological age of the dykes and lavas ....

III. Classification of the rocks

(i) Olivine-norite group.

a. Holocrystalline varieties in dykes and lavas.

4. Magma-basalt without augite .....

c. Association of olivine-norites and the " pyroxene-granulites "

(2) Augite-norite group.

a. Holocrystalline variet:es ......

4. Exceptional hemicrystalline varieties ....

c. Volcanic representatives in the Cuddapahs . . ,

d. Varieties approaching pyroxenites ....

(3) Augile-diorite group.

a. Holocrystalline varieties with micropegmatite .

b. Hemicrystalline varieties in dykes ....

c. Volcanic representitives in the Cuddapahs .

d. Distribution through Transition systems

IV. Summary of results.

V. Explanation of Plates.

I.—INTRODUCTION.

1. In the year 1890, Mr. P. Lake published a short paper describing four speci

mens of the Cuddapah (Kadapah) lava-flows collected by Dr. W. King.1 This

was intended, I believe, by Mr. Lake to be the first instalment of a detailed des

cription of the Transition contemporaneous traps and their dyke-representatives in

South India, in which area he had collected largely from the dykes of Bellary and

Anantapur districts and the Raichur Doab, where, under the superintendence of Mr.

R. Bruce Foote, he worked over areas partly covered by Transition rocks of the

Dharwar system and partly by the older crystallines. Mr. Lake, however, left

India towards the end of the same year, and the rocks consequently received

no further attention till the commencement of 1892, when I made a tour over the

1 R.c. Geol. Sun. India, Vol. XXIII, p. 259.
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southern districts of the Madras Presidency, and, though mainly occupied with a

different enquiry, was fortunate enough to obtain opportunities for examining a

few of the dykes in the districts of Chingelput, South Arcot, Salem, Coimbatore and

the Nilgiris. The specimens collected by myself have been supplemented by a

rich collection made by Dr. H. Warth in the South Arcot district, whilst Messrs.

Middlemiss and Smith have since been working out more thoroughly the dykes and

associated crystalline rocks of the Salem district, and have kindly supplied me

with some of their leading types.

All the specimens referred to in this paper are preserved in the Geological

Museum, Calcutta, and as this subject will be included in the detailed researches

in Salem and Coimbatore now being prosecuted by Messrs. Middlemiss and Smith

the registered numbers are in all cases quoted for facility of reference to the type-

specimens. I am indebted to Mr. P. Brulil, Professor of Physics in the Civil

Engineering College, Sibpur, for the chemical analyses of four types of these dyke-

rocks.

1 1. -GEOLOGICAL AGE OF THE DYKES.

2. Previous to the great outburst of Deccan trap there were at least two main

periods of volcanic action in Peninsular India. In the southern portion of the

Peninsula these are indicated (1) by the contemporaneous traps of the Dharwar

Transition system, and (2) by the Cuddapah lava-flcws of later date. So far as the

specimens in our collection are concerned the penological characters of the rocks

divide them sharply into two classes. The Dharwar volcanic rocks are essentially

hornblende-plagioclase rocks exhibiting marked signs of the changes which accom

pany the passage of normal diorites into epidiorites and sometimes hornblende-

schists. The Cuddapah traps, on the other hand, are remarkably free from such

signs of dynamic metamorphism. These are just such differences as might be ex

pected from the known stratigraphical history of Peninsular India. Whilst there

is abundant evidence of great crust disturbances in pre-Cuddapah times, the

Indian Peninsula since that epoch has been remarkably free from disturbances by

earth movements, and, as one result, the pyroxenic igneous rocks, which so readily

yield to dynamic action, have been preserved with remarkable freshness.

3. The distinction between post-Cuddapah and pre-Cuddapah lava-flows might

be expected to find simihr expression in the dyke-representatives of these volcanic

rocks; and, whilst fully recognising the danger of correlation from petrological

characters alone, it must be accepted in the present instance as the only evidence

of a positive character. The age of a dyke, whose connection with a known lava-

flow is not manifest, can seldom be determined within very narrow limits, and even

then the limit on the younger side generally depends on purely negative evidence.

In the South of India the great series of basic dykes which break through the old

crystalline rocks, and sometimes through the Dharwars, have, partly from their being

grouped around the Cuddapah area,1 and partly from their absence from the

younger Karnul strata, been generally regarded as the dyke-representatives of the

great lava flows in the Chey-air group of the Cuddapah system. It is interesting to

find that this evidencs, which alone would be very unsatisfactory, receives confirm-

1 Cf. Manual Geology of India, 2nd Ed , p. 40.

B
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ation by comparison of the penological characters of the dykes and the lava-

flows, which agree not only in the ordinary characters, but in exhibiting certain

peculiar features xarely exhibited in other areas.

IIL-CLASSIFICATION OF THE ROCKS.

4. So far as represented by specimens in the Calcutta collection, the dyke-rock»

of South India and the lava-flows in the Cuddapahs, their supposed volcanic repre

sentatives, belong to three main groups, which pass into one another by a series of

transitional types too gradual to permit of any definite line of demarcation. For

convenience of description they are classified as follows :—

(1) Olivine-norite Group, in which olivine, enstatfte, augite and a basic

plagioclase-felspar are essentia! constituents, the plagioclase being

always the latest constituent to complete its consolidation and envelop

ing all its associates. Small quantities of biotite are invariably present.

(2) Augite-norite Group, distinguished from group 1 by the absence of

olivine, and by an increase in the amount of augite. The plagioclase

is still the latest constituent to complete its consolidation. Biotite in

small quantities is generally present.

{3) Acgite-diorite Group, in which the enstatite is either small in quantity

or absent altogether. Biotke at the same time disappears, and the

order of consolidation of the constituents is modified, giving rise, by

the later comparative consolidation of the augite, to a tendency to the

production of ophitic structure. The members of this group are inva«

riably characterised by the presence of micropegmatitic (micrographic)

intergrowths of quartz and felspar, which are regarded as primary in

origin, arid sometimes contain potash-felspar.

5, The following table gives the order of consolidation of the essential constitu

ents in -each group :

I. 2. 3.

OHvirre-norite group. Augite-norite group. Augite-diorite group.

Olivine. ... ■•«.

Enstatite. Enstatite.

■

Augite. Augite. Augite.

Plagioclase. Plagioclase. Plagioclase.

._ ... Micropegmatite.

Hemicrystalline re

presentatives.

6. Each group is represented by microcrystaUrne and

hemicrystalline types occurring either as thin veins, or as

selvages to larger masses.
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Group 1 is represented (1) by a rock having a black cryptocryslalline matrix

with phenocrysts of olioine only and (2) by a micro-variolitic tachylyte.*

Group a is represented by a micro-crystalline matrix of augite, felspar and

magnetite with some glass, in which there are phenocrysts of enstatite

only.

Group 3 is represented by a microcrvstalline matrix of augite, felspar and mag

netite with phenocrysts of augite and labradoxite.

The hemicrystalline varieties of groups 1 and 2 are thus related to the compara

tively rare magma-basalts (Jimburgites) in which the essential phenocrysts are olivine

and augite ; but as the Madras rocks show in one case only olivine and in other cases

only enstatite, they differ, as far as I am aware, from any previously-described type ;

but, until their field-relations have been more precisely traced out, I consider it in

advisable to distinguish them by special names.

The chemical analyses of these rocks by Mr. Bruhl (see paragraphs 10, 22, 49

and 71) show that they vary in silica percentage from 4377 to 53*05; but the

variation in silica percentage is by no means as uniform as that of the magnesia

which varies from 21/21 percent, in the Jootoor lava-flow to 6"48 in the augite- diorite

dvkes.

(1) Olivine-norite group.

((?.) Holocrystaliine varieties.

7. Amongst the great lava-flows of the Chey-air beds described in his memoir

•' On the Kadapah and Karndl formations in the Madras Presidency," Or. W. King

has referred to the Jootoor flow on the left bank of the Pennair river as an olivine-

bearing rock.' Mr. P. Lake, in a paper on " The Basic Eruptive Rocks of the

Kadapah Area," described the microscopic characters of this rock as an olivine-

dolerite or olivine-gabbro, composed chiefly of olivine, augite, and plagioclase

felspar, " with opacite " and a little mica.8

1 Since the above was written, Mr. C. S. Middlemiss has called my attention to a hemicrystalline

representative of this class collected by him at a place \\ miles. E.N.E. of Kanivenhalli, near Palakod,

Salem district (No. 10.262). The rock occurs as a dyke only 8 inches wide, cutting obliquely across

the gneiss. It is very compact and dark-grey in colour, weathering into round boulders. Microscopic

examination shows it to be an enstatite magma-basalt (enstatite limburgite); that is, a magma-basalt

in which, besides augite and olivine, there are phenocrysts of enstatite; indeed enstatite is the most

abundant member of the phenocrystalline constituents. The characters of the mineral are precisely

those of the enstatite occurring in the peculiar " norite-felsite " of Eriyiir (para. 48) and the likeness

is rendered still more striking by the shells of augite in which the enstatites are so remarkably encased.

The groundmass, composed of minute augites, skeleton crystals of magnetite and small quantities of

possibly embryonic felspars, also recalls the finest-grained varieties of the Eriyiir rock; but the fine

phenocrysts of the peculiar brown olivine found in the rocks from Singapuram (para. 25), Vitlapuram

(para. 33) and Coonoor (para. 36) connect this interesting rock with the class of ol vine-norites

Besides being of value as a means of additional evidence showing the relationship between the olivine-

norites and augite-norites forming these dykes, this rock is interesting as the first-recorded magma-

basalt in India, and is one which, on account of its display of enstatite phenocrysts, is a peculiar form of

its class.

• Mem. Geol. Surv. Ind., Vol. VIII, p. 106 (1872).

« Rec. Geol. Surv. Ind., Vol. XXIII, p. 359 (1890).

B 2
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8. Further examination of the rock, however, shows according to my determina

tion that the predominating pyroxenic constituent is enstatite, whilst the plagioclastic

felspar, which is very small in quantity, occurs as the last-formed constituent grow

ing ophitically around its associates, olivine, enstatite and augite. In addition to

these facts, there are certain peculiar structures which strongly recall those exhibited

in many of the rocks occurring as dykes amongst the crystalline rocks of South

India, and still more strikingly a handsome rock recently collected by my colleague

Mr. P. N. Datta in South Rewa (Rock number 10,588).

As the last-named rock. is the most coarsely-crystallized, and the freshest speci

men in the group now under consideration, it may be conveniently selected as the

type for detailed description.

9. The rock occurs, according to Mr. Datta, as a dyke in mica-gneiss on the

Sone River, one mile south-west of Kaithaha, near Saria, South Rewa (lat. 240 ire',

long. 8i° 23'). In hand-specimen it is a dark-coloured, tough rock, with flakes of

brown mica, granules of olivine and cleavage- plates of felspar distinctly visible to the

naked eye. Its specific gravity is 3*47.

10. A chemical analysis (cf. para. 22) made by Mr. Paul Bruhl, Professor of

Physics in the Civil Engineering College, Sibpur, gave the following results :—

Si °» • 5°45

Ti Oj . ........ C63

Alj O* (with a small quantity ol Pa04 and Mn,04) . . . 6-50

Fe» 0» 240

FeO 838

Ca O ?.8a

MB° 9-oa

H» O (ygj

Alkalies ........ undetermined.

11. Under the microscope the rock i- seen to be a holocrystaliine aggregate of

the following minerals, whose names are given approximately in the order of their

formation :—

Primary :—

Apatite.

Olivine.

Enstatite and Augite.

Biotite.

Plagioclase.

Secondary :—

Reaction rims of actinolite and enstatite.

Biotite.

Magnetite.

12. Apatite.—Occurs only in small quantities, with the usual needle-shaped

prisms cracked transversly, showing low double refraction, and included by all the

other constituents except olivine.

13. Olivine occurs in large crystals, generally with their id iomorphic outlines

well displayed. They are cracked in the characteristically irregular fashion w ith the

development of much dusty magnetite. Besides innumerable, small, rod-like inclu

sions arranged in parallel lines, the dendritic inclusions which have been describ

ed by Professor Judd1 as one of the results of the schillerization of this mineral are

1 Quart. Journ. Gcol. See., Vol. XLI, p, 381 and plate XII, n>s. 2.7 (1885).
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very beautifully displayed in this mineral, and are arranged parallel to the macro-

pinacoid, as I have shown to be the case in the olivines of a mica-hypersthene perido-

tite occurring in the Mnnbhdm district of Bengal.1 This is very clearly demon

strated in one of the sections (No. 2125) evidently cut parallel to the basal plane,

and showing the cut edges of the dendritic plates lying at right angles to the brachy-

pinacoidal cleavage cracks. The quartz wedge inserted parallel to the edges of the

inclusions shows well-marked ' thinning ' thus indicating the axis of maximum

elasticity A parallel to the macro-diagonal.

14. But the most striking feature in connection with these olivines is the occur-

. _ ... rence of very well defined and broad " reaciion-rims "
*' Reaction-rims. , ... . , . , , . ... .,

between this mineral and the felspar, similar to those

which have so frequently been recorded in basic and ultra-basic rocks. The re

action-rims are composed of an external layer of feathery green actinolite abutting

against the felspar, considerably wider, as a rule, than the inner zone of granu

lar, colourless mineral, which exhibits a double refraction distinctly lower than that

of the actinolite.

The colourless mineral in this case is regarded as enstatite, because it has been

found in several instances in crystallographic continuity with larger adjoining original

crystals of that mineral. It is frequently found also that both the augites and the

enstatites are separated from the olivine by a very narrow zone of this colourless

mineral, which sometimes exhibits crystallographic continuity with the enstatite,

appearing thus as a secondary extension of the mineral, like the well known

secondary enlargements of quartz, felspar, augite, hornblende and mica (Fig. 1).

15. The question of the origin of these so-called reaction-rims which so frequent

ly characterise the olivines of very basic rocks has frequently been discussed, and

very different explanations have been offered, both as to the precise nature of the

reaction products and the mode of their formation, which is not a surprising result,

seeing both the compositions of the reacting minerals, as well as the physical condi

tions of formation must, within certain limits, be variable.3 Although the present

instances do not appear to offer conclusive evidence, the general assemblage of

facts point, in my opinion, to the origin of the rim as the result of the reaction

between the olivine and a more siliceous mineral, felspar, under the particular

physical conditions which are attended with various other structural characters —

primary and secondary—that distinguish plutonic rocks from lavas. In this case

the reaction-rims occur in a rock which shows the schillerization and other pheno

mena characteristic of deep-seated rock-masses, whilst all these structures are absent

in the Jootoor lava, which mineralogically is the very evident equivalent of this rock.

But in the lava a pilitic decomposition of the olivine has taken place (vide infra

para. 23) which is certainly secondary and confined by the original limits of the

olivine crystals. The evidence points also to the formation of the pilite with the aid

of compounds derived from the adjoining decomposing felspar.

16. That the fibrous and granular borders are real reaction-rims is therefore

1 Rte. Gtol. Sun. Ind., Vol. XXVII, p. 144 (1894).

* For summary of results see J. F. Kemp '* Gabbros on the western shore of Lake Champ-

lain" [Bull. Gtol. Soe. of America, Vol. V, p. 321 (1894)], and a later paper in the same year by

W. D. Mathew on " The intrusive rocks near St. John, New Brunswick " [Tram. N. Y. Acad.

Set., Vol. XIII, p. 198, (1894)]. In the latter paper the author points out the continuity of the

granular inner tone with larger hypersthene crystals and regards it as an original formation.
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supported indirectly by the peculiar nature of the secondary decomposition of the

olivine in the lavas; but the question as to whether the reaction-rims are formed

during the consolidation of the rock—as the late G. H. Williams supposed to be the

case in the very similar and now well-known occurrence near Peekskill, N.Y.—,* or

subsequently, is not determined by this evidence, as there are so many instances

to show that the structures produced rapidly during the primary consolidation of

a molten magma can be closely imitated by those produced more slowly during

secondary changes subsequently induced in the consolidated rock.

17. The pyroxenes are nearly all colourless, the rhombic forms exhibiting a faint

pleochroism only in thick sections. The most abundant form is enstatite, which

exhibits in part at least its proper crystal outlines, with characteristic cleavage and

optical characters.

18. The most remarkable feature in connection with the pyroxenes is the develop

ment of a series of minute and vermiform canals, arranged in approximately parallel

directions and giving an appearance which at first sight resembles the microper-

thitic structures of felspars. Sometimes patches of such structures are seen spread

ing out like a disease in the pyroxene, and changing its polarization colours to a

lower order. Isolated patches sometimes show simultaneous extinction, and at

other times the patches growing out from different points in a pyroxene crystal

meet in irregular lines and divide the crystal into a mosaic between crossed

Nicols. This may occur either in a rhombic or a monoclinic pyroxene, but the

ragged portions exhibit colours of too high an order for the rhombic form.

Although I feel unable to account satisfactorily for this phenomenon, the microscopic

intergrowth of two pyroxenes seems to meet all the requirements of the case more

perfectly than any other explanation that has occurred to me. Whatever the

structure may be due to, it is found again in just as striking a manner, though less

frequently, in the Jootoor trap-flow, whose characters generally so closely repeat

the microscopic structures and mineralogical composition of this rock.' Like all

the primary constituents of this rock, the pyroxenes are schillerized, and more

strikingly so in the monoclinic than in the rhombic forms.

19. Thefelspar, which is the least abundant and last formed amongst the pri

mary constituents, is twinned in broad lamellae and exhibits wide extinction angles

approaching those of bytownite. It is often darkened by fine dusty inclusions and

the high powers show numerous minute needles and plates arranged in parallel

lines, as is commonly the case with schillerized plagioclasc.

20. Biotite occurs as minute plates intergrown with the enstatite in a way which

suggests its derivation from the latter mineral. It occurs also in larger bundles

which exhibit a strong pleochroism and contain numerous dark-brown needles cross

ing one another as usual at angles of 6o°. The biotites are certainly of later

» Amtr. Journ. Set., 3rd ser., Vol. XXXI, p. 35 (:886).

' This structure resembles in many respects those which have been described and figured

by Prof. Sollas in the gabbro of Barnavave, Carlingford, and which he ascribed to an inter

growth of diallage and rhombic pyroxene which are intergrown so that the face 010 of one lies

parallel to the face fOO of the other (Trans. Roy. Irish Acad., Vol. XXX (1894), p. 484; plate

XXVI, figs. 4 and 6). But in the rock tinder description the Intergrown pyroxenes appear

to be invariably both monoclinic, though intergrowths of a different nature of both monoclinic

and rhombic pyroxenes are also found in this rock.
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Si 0, . . 4377

TiO, . . . t>"74

A), Oa (and P. Oi>. 753

Fe, O, . . . 464

Mnj 0, . • . 074

Fe O . . 791

Ca O • . SS8

MgO . . 21 '11

H, O . • . 3'"5

Alkalies . • • undetermined.

23. The original outlines of the olivines in this rock ate marked", by lines of

opaque black granules, between which and the core of

undecoraposed olivine there is a zone of variable width of a

fibrous mineral exhibiting low double retraction and forming generally a confused

felt. As this zone of fibrous mineral is well-developed at the contact of the olivine

with felspar, and is practically absent where the former mineral abuts against either

of the pyroxenic constituents, it is evident that proximity to the felspar facilitates

the formation of the fibrous mineral. The lines of opaque granules, from their

rectilinear disposition, evidently mark the original outline of the olivine crystals,

1 Journ. Chem.Soc, May 1890.

■

formation than the pyroxenes which they frequently partly envelope, but are,

however, older than the felspars.

a i. A rock having precisely similar mineralogical composition, and equally fresh,

has been collected by Mr. R. Bruce Foote at Kudatami in the Bellary district, No.

8,767, The order of consolidation of the constituents is precisely the same also as

in the Rewa rock ; but thete is no trace of a reaction-rim between the olivines and

felspars, and in this rock the olivines are the only constituents showing signs of

schillerization. These facts so far as they go, therefore, are in agreement with the

suggestion that schillerization and the formation of reaction-rims imply in sore*

respects at least similarity of physical conditions (fupray para. 15). Professor

Judd1 has included the formation of reaction-rims amongst the instances of second

ary changes induced in rocks under the combined influence of pressure and high

temperature, and the facts revealed by the examples under consideration are, so far

as they go, in agreement with such a conclusion.

22. On comparing this rock with the Jootoor trap-flow (No. 9,793), we find the

differences are almost entirely due to a more fine-grained

Ioo<to™rPfarva0D W'tb th<S crystall>za*ion and the absence of schillerization phenomena

in the latter rock. These are just such differences as might

be expected between a plutonic rock arid its volcanic representative. The essential

constituents and the order of their formation—olivine, colourless enstatite and

augite, biotite and plagioclase—are identical. The proportion of felspar, however,

is smaller, and olivine is more abundant, but the minerals are apparently of the

same species and even the peculiar micrographic structure shown by the pyroxene

of the Rewa rock is exhibited also, though less frequently, in the Jootoor lava.

These differences in the proportions of mineral constituents bringing the rock

into close relations with the saxonites (harzburgites), appear in the chemical analysis

made by Mr. P. RruhJ, which gave the following results {cf. para. 10). »
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and thus the fibrous mineral must have been formed entirely at the expense of the

olivine.

24. These zones are, therefore, secondary in origin, and as they do not extend

beyond the limits of the original olivine-crystals, they cannot be regarded as the

equivalents of the reaction-rims so beautifully displayed by the Rewa rock. The

fibrous area is very variable in width, sometimes extending to the centres of evert

large crystals of olivine. The features exhibited agree with those of a fibrous form

of amphibole and are probably similar to the felt of amphibole needles pseudomor-

phous after olivine to which Becke has given the name pili/e.1 As the felspars are

often considerably kaolinized, it is not unnatural that this change to amphibole

(pilite) should be more marked where the olivine is bordered by the mineral

whose decomposition can supply the requisite amount of lime and silica.

25. Amongst the dykes occurring in the Madras Presidency the nearest ap-

Olivine -bear in g proach to the rocks of the class under consideration occurs

dykes of Madras near the quartz-magnetite beds of Singapuram, Ahtur taluk,

(Salem district). ga]em district (Nq ^^ TWg ^ .g ^^ ^ ^^

specimen even to the felspars, which show slight " lustre mottling." It has a

specific gravity of 312. Under the microscope it is seen to be perfectly holo-

crystalline in structure and is composed of olivine, enstatite (bronzite and

hypersihene), augite, biotite and plagioclase in order of formation, with granules

of pyrite and dusty magnetite.

26. The olivine is about equal to the pyroxene in quantity ; it often shows its

crystal outlines, but is rarely intergrown with the enstatite to produce a very im

perfect graphic structure. It is cracked in a characteristically iiregular fashion,

with separation of dusty magnetile and very rarely shows the serpentinous hydration.

Reaction rims between it and the felspar occasionally occur, but are generally very

narrow though very well-defined, and with the same arrangement of colourless

mineral and actinolite as seen in the Rewa rock.

27. The most characteristic feature of the olivine, however, is the large quan

tity of minute inclusions— dust and rods— arranged in definite crystallographic

planes and giving the sections a brown or dark brown colour when seen with low

powers and what, on rjpid revolution of the polariser, appears to resemble the

faint pleochroism of some brown augites, but which is probably only a diffraction

effect. This character is true of the olivines in all the dyke-rocks which I have

mentioned below and which I propose to include in this group The general

characters exhibited by the sections of this mineral leave little doubt as to the nature

of the species, and that little doubt is completely removed by the occurrence in this

rock of the dendritic inclusions such as are so plainly displayed in the olivines of

the Rewa rock (slide 1424).

28. The enslaiites show a distinct pleochroism, sometimes approaching in in

tensity that of the hypersthenes which are constant throughout the pyroxene

granulites of this area.

29. The augite is perfectly colourless in thin section, is feebly schillerized and

frequently developed between the felspar plates like little intrusive sheets and

fingers.which, when cut across, show several isolated patches having simultaneous

extinction.

1 Tschermafs n,in. und pttr, ifitt., Vol. V, p. 163 (1883).
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30. The biotite is frequently associated with coarse granules of opaque iron-ores,

shows the same kind of pleochroism, and occurs in apparently the same propor

tions as already described for the Rewa rock and the Jootoor lava.

31. The felspar is more abundant and of a less basic type than that playing

a similar r61e in the Rewa rock. The crystals are light-brown in section on ac

count of innumerable minute inclusions, but the colour shades off towards the

periphery of the crystals which are generally colourless. Polarized light shows

also that there is a zoning due to gradual change in composition in the later-formed

layers. Minute acicular inclusions, like actinolite-needles, are often seen in patches

of the colourless portion of the felspar, where there appears to have been a small

amount of decomposition with sometimes formation of presumably secondary

quartz.

32. Magnetite in fair quantity occurs in all the other minerals, either as lumps,

which are possibly original, or as fine dust, which is of secondary origin. Occasional

lumps of pyrtte are seen in hand-specimen.

33. For the next stage, showing a less basic tendency, a rock collected by

c. .1. a . j- 1 • l Dr. H. Warthat one mile west of Vitlapuram in South Arcot
South Arcot district. ... , ,», „ _ „.. .

district, may be taken as a type (No. 9,811). This rock

occurs as a dyke in the pyroxene-granulites, most of which in that area contain

large quantities of quartz, and are distinctly acid in silica-percentage.

34. The dyke-rock is black in hand-specimen, and has a specific gravity of 3^03

CWarth). Under the microscope, it shows the same peculiar dark-brown olivine,

colourless enstatite and augite, small quantities of biotite, magnetite and pyrite,

and the same brown, zoned plagioclase with colourless borders, forming the ground-

mass as in the Singapuram rock. But in the Vitlapuram rock there is a distinctly

smaller quantity of olivine, and, at the same time, an increase in the size and fre

quency of the colourless patches, which shows the signs of secondary decomposition

referred to before, but in this case calcite as well as quartz occurs amongst the se

condary minerals.

35. The Singapuram rock occurs at a place which is about equidistant from

Vitlapuram near the Coromandel coast and Coonoor in the Nilgiri Hills (a total

horizontal disiance of about 200 miles), where I have also found dykes cf unmis

takably the same rock intrusive in the pyroxene-granulite series which make

up the main mass of that range.

36. The dykes of Coonoor are especially interesting on account of the varia

tions they show from the well-crystallized types in the

wider dykes to the hemicrystalline and even glassy tachy-

lytic types which occur in the narrower veins and on the selvages of larger masses,

but in all of them the peculiar brown olivine occurs, and the same order of crystal

lization of the pyroxenes, biotite and light-brown plagioclase-felspar is preserved.

Although the plagioclase crystals are seen to be the last-formed from the way in

which they are moulded on to all the other constituents, their crystallization, having

commenced from so many centres during the comparatively rapid consolidation

of the final stages, has not resulted in their perfect ophitic development, as is the

case with the coarser-grained types described from the other localities above.

37. In the very fine-grained varieties forming narrow veins in the pyroxene-

granulites, the microscope shows olivine, pyroxene and felspar as phenocrysts in a

microcrystalline matrix of pyroxene, biotite, felspar and magnetite, and the pheno-

The Nilgiris.

I
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crvsts sometimes gather in groups giving rise to the structure to which Prof. Judd

has given the name glamero-porphyriiic} This sometimes takes the peculiar

form of large olivine crystals surrounded by a zone of colourless granular

pyroxene (slide 1599). la the narrow veins the long crystals of felspar and

enstatite are frequently arranged parallel to the sides of the dyke, a feature

commonly exhibited by porphyrttic crystals in narrow dyke-rocks.

38. As the edge of the dyke is approached the matrix becomes finer in grain,

,, ..... . until, at the selvages, the rock shows a vitreous matrix with
Vanolitic selvages. , , .

tufted aggregates of microlites, attempting an imperfect

spherulitic or variolitic structure. Glomero-porphyritic aggregates of olivine and

enstatite occur as in the types described above.

(i.) Exceptional hemicrystalline varieties of olivine-norites.

39. An exceptional type of the hemicrystalline varieties which presumably be

longs to this class of rock occurs as a narrow vein only half an inch wide runniDg

through a hornblende-norite collected by the late Mr. C. M. Oldham near Poorsy,

N. N. W. of Wandiwash.

This rock consists of a matrix blackened by magnetite-dust, and studded with

. ,. „. excessively miaute, colourless microlites, in which occur.
Magma-basalt with- „ , , , , ,. . . .

out augite.* well-shaped phenocrysts of olivine reaching 3 mm. in

length and cracked in the usually irregular fashion of

olivine with slight development of yellow serpentine.

40. The olivines show a very striking zonal structure by the alternations of light-

brown and colourless bands, which however are sometimes quite irregular in

arrangement. The light-brown patches display a very faint pleochroism, which is

only noticeably marked in basal sections, and shows an absorption in those sections

of ft > C (slide No. 20*27). In those sections also minute rod-like inclusions are

arranged at right angles to the brachypinacoidal cleavage-cracks and evidently are

the results of the normal schillerization of the mineral {vide supra, para. 13).

The last stages in the growth of the crystal are marked by layers of opaque

granules, and the colourless zone separating this layer of granules from the opaque

matrix is frequently decomposed and pilkic, in which cases the layer of opaque

granules has generally a ragged inner border due to extension inwards of the de

composition, accompanied by the usual separation of dusty magnetite. The mineral

is decomposed by strong hot hydrochloric acid with formation of gelatinous

silica. The crystals are frequently corroded by the magma (Plate I, fig. 3).

41. The occurrence of olivine so well-developed and as the only phenocrystal-

line constituent makes this a most unusual type of rock. Magma-basalts (limlur-

gites) with augite as well as olivine phenocrysts have been described from various

places, and, to a less extent, augitila with augite only developed ; but I can recall

no case exactly parallel to this in which well-formed olivine in a black glassy

matrix is the only phenocryst.

(c.) Association of Olivine-norites with " Pyroxene-granulites."

42. If, as seems very likely from their close resemblance to the Jootoor lava-

flow, the dyke-rocks described above are the plutonic equivalents of the volcanic

• Quart. Journ. Geol. Sac. Vol. XLIl, p. 71 (1886).

* Mr. C. 5. Middlemiss has, since the above was written, called my attention to a fine example of

an enstatite magma-basalt amongst these dykes. For its description see para. 6, loot-note.
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rocks of the Cuddapah system, the time of their intrusion is fixed with regard to

the Indian strati graphical succession.

43. That these rocks are true intrusions and not segregation veins is very

evident from their occurrence as vitreous forms near the selvages of larger dykes

and in the smaller veins, with fluidal structures also. As they break across the

pyroxene-granulite series of the Madras Presidency, showing no signs of the folia

tion which the latter rocks have suffered, their intrusion must have occurred since

the foliation of those rocks. And yet there remains the remarkable fact that

rhombic pyroxene, which is the one constant constituent of the pyroxene-granulite

group, is present in all these dykes which are so frequently associated with them.

That this is a mere accident is of course quite possible ; still, the association is a

circumstance worthy of record, and I give it as a mere suggestion that the magma

from which these intrusions and lavas have been derived might have been obtained

by the local re-fusion of the pyroxene-granulite series.

44. The association of olivine-norites with the ordinary members of this group

has been recorded in different parts of the world ; but the cases presenting

the nearest approach to the instance under consideration are the rocks of the

Cortlandt series of New York, in which the late G. H. Williams' described types

varying from peridotites with little or no felspar to normal norites, and those des

cribed by Dr. F. H. Hatch* from Madagascar, where olivine-noiites are associated

with ordinary types which are remarkably similar to those of the Madras Presi

dency, and are probably simply a portion of the same great crystalline mass

—portions of the old Gondwana continent still remaining above the sea-level.

The chemical analyses by Mr. Bruhl of four different Madras types show that

alumina is comparatively low amongst the sesquioxides, whilst magnesia and ferrous

oxide are unusually abundant amongst the protoxides, results which might be

expected where the ordinary augites are so largely replaced by enstatites amongst

the ferromagnesian silicates. It will be interesting to compare these analyses

with those now being made of the various types of the pyroxene-granulite series of

the Madras Presidency.

-

(2) Al/GITE-NORITE GROUP.

(a.) Holocrystalline varieties?

45. As examples of dykes linking the characters of the olivine and enstitite-

bearing group with those in which augite predominates, may be mentioned those

discovered near Rayakotta, Maharajgadi, and Krishnagiri in the Salem district,

by my colleagues Messrs. Middlemiss and Smith, who have kindly sent me speci

mens and descriptions of the field-relations and microscopic characters of the rocks.

46. The most striking of these occurs as a dyke 100 yards wide running east and

west in the gneiss, 5 miles south of Vepanapalli, on the road north of Krishnagiri.*

It has a specific gravity of 3-08 and is composed, according to Mr. Smith, of

idiomorphic crystals of hypersthene, a smaller quantity of augite, wrapped around

• Amer. Journ. Set., 3rd ser., Vol. XXXI (1886), p. a6; Vol. XXXIII (1887), pp. 135—

• Quart. Journ. Qeol. Soe., Vol. XLV (1889), p. 34a. Cf. R. Baron, ibid., Vol. LI

(i895\ P- 59-

8 For varieties approaching pyroxenites by diminution of felspar see para, 56.

• Field number (A) nth February 1896.

■'
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by large Ophitic-like plates of plagioclase. As accessories, in part secondary in

origin, are biotite, hornblende and magnetite-granules. In the specimen sent I

have also found crystals of clear quartz, which, being associated with the kaolinized

portions of the felspar, are possibly of secondary origin. This rock differs from

the previously-described group, therefore, only in the absence of olivine, whilst the

presence of a rhombic as well as monoclinic pyroxene, and the order of consolida

tion of the constituents make it a link on the basic (olivine-bearing) side.

47. A second link is represented by some small dykes in the gneiss south of

Bolconda on the Salagiri-Krishnagiri road in the same district.'

In this rock Mr. Smith finds the hypersthene and augite to be represented in

about equal quantities, and the specimen sent shows some interesting intergrowths

of the two minerals.

{&.) Exceptional hemicrystalline variation of Augite-norites.

48. The rocks of this transitional group are represented also by hemicrystal-

line varieties which are of a most unusual type. Specimens of these have been

collected by Dr. Warth near Eriyur in the South Arcot District (No. 9,782).

They are tough, black, tachylytic-looking rocks, with small glassy-looking

crystals of a colourless mineral, which, under the microscope, are seen to be

enstatite, lying in a fine-grained, black matrix, which is probably in part vitreous.

This rock corresponds in this group to the Poorsy rock in the olivine-norite group

and to the augitites which have been described in various parts of the world. But

both this and the olivine-bearing rock of Poorsy are, so far as lam aware, type

hitherto undescribed.

49. It occurs, according to Dr. Warth, as a dyke four feet wide running east-

north-east and west-south-west in the pyroxene-granulites, and specimens gave an

average specific, gravity of 3-09.

An analysis of this peculiar rock by M

Si 0,

Ti 0,

P, 0,

Al, o,

F<- .'>,

Mn10,

Fe 0

Ca 0

Mg O

K, 0

NajO

H, O

. P. Brfihl give the following results : —

53"°S

1 77

o'og

891

326

0*09

9'5-i

676

1442

048

066

065

99*66

50. Under the microscope well-shaped crystals of enstatite attaining 2 mm. -in

length form the only phenocrysts. They are perfectly fresh

The Erstatite pheno- &nd coiouriesSi and from the shapes of the sections which

crys S* show the typical cleavage of pyroxene, exhibit combinations

' Field number (A) 6th February 1896.
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of ihe two pinacoids with tlie prism, giving the eight-sided shapes so commonly j'

displayed by horizontal sections of pyroxenes. They exhibit a tendency to aggre.

gate in groups of several individuals. The double refraction is low, and the two

optic axes can be distinctly observed in basal sections examined by convergent

polarized light. The crystals are unattacked by hot hydrochloric acid.

51. The groundmass of the rocks consists of minute crystals of colourless augite

wrapped around by tufted microlites of presumably felspar,

The groundmass. ^ & b)ack opaque g]ass (?) fining the interspaces.

52. The colourless crystals, though so minute, are well-defined, and their

examination with J-inch objective leaves no doubt about

Augite microlites. their bejng augite The). exnibit a tendency to form long

crystals with the prismatic faces well developed, and are often very clearly twinned

according to the usual law of augite. Well denned cleavage-cracks are displayed

by the larger individuals. Groups of apparently isolated crystals often show simul

taneous extinction. Their strong double refraction and wide extinction angles

serve to distinguish them from the large phenocrysts of the rhombic pyroxene.

53. The tendency they exhibit of growing around the phenocrysts of enstatite N

. .1.11 is a feature of special interest on account of its bearing on
Intergrowths of ruom- r °

bic and monoclinic py- the frequent intergrowths of these two minerals, which are

roxenes. described below (para. 60). In most cases the augite sec

tions are seen like two long lath-shaped crystals on either side of the vertical sections

of enstatite, but instead of being sections of independent crystals they are found

invariably to exhibit simultaneous extinction. As the lath-shaped crystals

bordering the sides of . the enstatites are frequently found in optical continuity

with a narrow band around the ends of the latter mineral, there is no doubt

lhat the enstatite is encased in a thin shell of augite, which belongs to one crystal

and though in this rock is invariably so thin, it represents the beginnings of the large

crystals described below (para. 60). In addition to this casing of the enstatite in

augite, which is quite common, numerous cases occur in which minute pieces of

the latter mineral are found scattered through the phenocrysts of the former, and

all show by simultaneous extinctions the crystallographic continuity of these in

cluded fragments of augite with the thin casing of the same mineral, and thus we

have the beginnings of the complicated intergrowths of the two forms of pyroxene

so frequently recorded in the basic rocks.

54. The colourless tufted microlites, which, with minute opaque black

. granules, constitute the rest of the groundmass, belong pre

sumably to the felspar which plays the r&le of groundmass

in the holocrystalline types of these rocks. They show weak double refraction and

extinction angles of about io° measured frcm the long axis of the microlite, and

binary twins could be distinctly observed. In this rock therefore we have the

order of consolidation the same as that shown in the holocrystalline forms—ensta

tite, augite and felspar.

As this rock changes considerably in grain even in the same hand-specimen

it would be interesting to trace out the characters of the dyke more precisely. But,

so far as the specimens collected by Dr. Warth go, the coarser-grained portions

show a very striking approach in their character* to those of the more holocrystal

line type found by Mr. Middlemiss in the Salem district and described below

(para. 56).



30 Records of the Geological Survey of India. [VOL. xxx.

(c.) Volcanic representatives of the Augite-norites.

55. As far as can be determined with the small amount of material available

for comparison, the Palamodu trap-flow (No. 9,794) of the Cuddapahs appears to

corrrespond in mineralogical character to the dyke-rocks included in this group.

Mr. Lake1 has described this rock, calling attention, amongst other results of its

secondary decomposition, to the presence in it of bastite, which he regards as the

result of the alteration of the augite. From the way in which this mineral is

associated with the augite I should suggest that it is the altered representative of

the enstatite which, in the fresher dyke-rocks, shows a precisely similar relation

to the augite, and is unquestionably an original constituent. The alteration

of the less stable enstatite which .shows such ragged irregular junction with

the augite in the fresh rock might very well give lise to the impression that

it is the result of change extending outwards from the centres of the latter

mineral. It should be remarked, however, that the ophitic structure shown so

strongly in this rock distinguishes it from the members of the augite-norite

group in which the pyroxene shows such a tendency to crystallize before the

felspar. I do not, consequently, put much reliance on this correlation. It is

unfortunate that the great trap-flows of the Cuddapahs, which evidently include

an interesting variety of rocks, should be represented by so few specimens, and

until further collections are made the correlation of the dykes with the lava-flows

must remain in its present rather unsatisfactory state.

{d.) Varieties approaching Pyroxenites.

56. it is frequently found that in the foregoing two groups the rocks locally

approach the ultra-basic group by diminution in the proportion of felspar. In the

olivine-bearing group, for instance, the rocks sometimes approach saxonites

(h irzburgites) in composition, and io this group pyroxenites, An interesting exam-

pie of the latter modification has been found by Mr. Middlemiss two miles from

Thalli on the Hosur road, Salem districts Mr. Middlemiss describes the rock as a

■dark, greenish-grey, medium grained rock with a specific gravity of 3*1 1. Under the

microscope it is composed of enstatite in large idiomorphic crystals, augite in

smaller granular crystals, often grown, around the enstatite, and plagioclase in

long slender blades arranged in branching and net-like fascicular or tufts. These

sometimes run around, and sometimes end abruptly against, the pyroxenes, appear

ing again on the other side. Black iron-ores and a green mineral in small quantity

appear filling in spaces between branching felspars. Mr. Middlemiss has kindly

sent me a specimen of this rock, and, as his description would lead one to expect,

the rock is just such an one as might be expected from the more perfect

crystallization of that which I have just described as a hemicrystalline type of this

group (paras. 48—54).

57 A still nearer approach to the purer pyroxene-rock, and a type much

coarser in grain, was obtained in the year 1889 by Mr. R. Bruce Foote south

of NilgumJa, Harapanhalli taluk, Bellary district (No. 8,823). It is a tough, dark

grey, even^grained rock with a specific gravity of 3-22. Under the microscope it is

1 Rue. Giol Surv. /»<*., Vol. XXIII T,i8$q), p. 960.

• field number (1) 12-2.96.
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seen to b« composed almost wholly of pale pyroxene, with ihe interspaces filled

in with a pJagwclase felspar approaching anorthite in composition, and showing

by its extinction a crystallographic continuity in isolated patches over very large

areas. The pyroxene is partly pale hypersthene, showing a faint pleochroism

and frequently idiomorphic outlines, with a very pale green augite growing

around it. The rhombic pyroxene appears to be well in excess of the monoclinic

form. Occasional granules of opaque iron-ores occur sometimes associated with

biotite. No trace of olivine has been discovered. I have frequently found pyroxe-

nites composed essentially of hypersthene, approaching amblystegite, and augite,

sometimes with olivine and pleonaste (herevnile), occurring as masses associated

with, and as dykes intrusive in, the norites of the so-called pyroxene-granulite

series of Madras ; but from the resemblance of these to some forms of the

norites in which they occur, 1 have reserved them for description on another occa

sion with that group, believing them to be closely related to one another.

(3) AUGITE-OIORITE GROUP,

(a.) Holocrystalline varieties with micropegmatite.

58. The members of this group are distinguished from those described above,

by (1) the predominance of augite amongst the pyroxenic constituents;

(2) a tendency to approach an ophitic structure by an earlier development

of the felspar as compared with the pyroxene ;

(3) the invariable presence of quartz as a micropegmatitic intergrowth with

felspar playing the role of groundmass.

These characters are true for a large number of dykes intruded into the

gneisses, pyroxene-granulites and Dharwar Transition rocks of the Madras Presi

dency, as well as of some lava-flows in the Poolumpett beds of the Chey-air group

Cuddapah system.1

59. The most convenient specimen to introduce this group was collected by

myself in September 1893, from a large dyke west of Isa Pallavaxam, 11 miles

south of Madras city (No. 9,393). It is a blacfc, tough rock with a specific gravity

of 3-io. Under the microscope it is seen to be composed of enstatite, augite, opaque

iron-ores, biotite and plagioclase with micrographic patches of quartz and felspar.

The plagioclase is distinctly the latest constituent to complete its crystallization, but

it is by no means as distinctly ophitic in character as in the more basic groups

already described ; but it recalls the structure of some members of the preceding

group in the occurrence of blade-like crystals bent around the pyroxenes (cf.

para. .56). The presence of «nstatite in considerable quantities, biotite in small

quantities and the late formation of the felspar connect it with the two previous

groups, whilst the predominance of -augite amongst the pyroxenes and the presence

of large quantities of micrographic quartz connect it with the third, and more acid,

group of dykes.

60. Enstatite was evidently the first mineral to crystallize. It is generally

colourless, but sometimes shows a faint pleochroism. It is very frequently surround

ed by pale augite, whose junction with it can only be detected by polarized light,

1 For comparison with trap-flows in other Transition systems of Peninsular India, see

para. 79.
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the cleavage-cracks being continuous, although the augite generally has a brown

tint in irregular patches, between crossed nicols the junction is seen to be very

irregular and accompanied by isolated patches of augite scattered through the

portions of the enstatite lying near the junction-line, producing complicated

intergrowths of the two minerals. The augite generally presents darkened external

borders, which are often accompanied by the formation of minute crystals of

hornblende and may be a preliminary stage in the process of amphibolization. It

is a very common feature in rocks of this type.

For an examination of the characters of the augite a specimen from the Seven

Pagodas (No. 9,678) whose bulk analysis is given below (paragraph 71). was

selected on account of its being practically free of enstatite. A chemical analysis

of separated and carefully picked pyroxene gave the following results :—

Si O, . . 5°'°2

Al, O, 5'6i

&£• j . • -s*.

Mn O ... 'race

CaO ... H-84

Mg O ... iao>

Alkalies ... " 9^>

Loss on ignition . °'7°

998'

The augite is thus remarkably similar in chemical composition to that of the

monoclinic pyroxene separated by Mr. Teall from the rock of the Whin Sill, whose

chemical and microscopical characters so closely resemble those of the augite-diorite

dykes in the Madras Presidency. As pointed out by Mr. Teall, the resemblance

in chemical composition of this mineral to the rhombic pyroxenes is, in view of the

frequent association and intergrowth of augite and enstatite in these rocks, a point

of considerable mineralogical interest.1

61. The felspar is very commonly light brown in the central portions through

the inclusion of very fine dust, but the colour becomes less pronounced as the

margins of the crystal are approached, and ultimately quite colourless at the margins,

where the felspar is frequently intergrown with quartz to produce the raicropegma-

tite which occurs in every member of this group. Between crossed nicols the crystals

are seen to be frequently zoned, with the more basic plagioclase forming the centres

of the crystals.

6*. The microptgmatitt forms the chief point of interest in connection with

these rocks. It occurs as colourless patches in the rock in which minute acicular

crystals of actinolite are irregularly disseminated. The characters are so distinct

that these patches can easily be detected with ordinary light. The micropegmatite

in these rocks evidently represented the colourless patches already noticed in the

more basic types (supra, paras. 31 and 34), but which only seldom contained quartz.

63. The felspar entering into the composition of the micropegmatite is some

times crystallographically continuous with the large

Primary origin of the plagioclase crystals ; but in some specimens included in

micropegma 1 e. ^.g gr0Up microcline occurs.9 There appears to be no

1 Quart. Journ., Gtol. Soc, Vol. XL (1884), p. 648.

* No. 9,79s, slide, 2133 j No. 9,789, slide, 2131.
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reason for regarding this micropegmatite as other than original—the last phase in

the consolidation of the rock. The rocks are remarkably fresh and show no signs

of the secondary changes which so frequently result in the deposition of pseudo-

morphous quartz, whilst the felspar is, as already stated, in crystall ographic conti

nuity with the larger, unquestionably original crystals.

64. It is an interesting fact that in some cases, where secondary decomposition

has just commenced, the micropegmatite patches are always the centres of decom

position (which- takes the form of hydration principally), extending to various degrees

around, a fact which suggests that these parts of the rock are the portions through

which water circulates most freely, possibly because, being the last parts of the rock

to consolidate, they are less compact ; in fact, on a microscopic scale they may be

miarolitic. As a glass generally possesses a lower specific gravity than the same

chemical mixture when crystallized, such an occurrence might well be expected

where the rock consolidates under limited pressure, and especially where such a

strong framework is first produced by the previous consolidation of two intergrown

minerals, pyroxene and plagioclase, which make up the principal mass of the rock.

These rocks, like most of those in Peninsular India, have been remarkably free

from dynamic action since their consolidation ; consequently the conditions are

most favourable for the preservation of such delicate structures.

65. As it is very likely that this secondary decomposition gives rise to the

production of quartz, the micropegmatite may become extended by the form

ation of quartz in crystal 1 ographic continuity with that

oflTc0rnoJae7matiteenSi0n which waS 0riSinal. and thuS a P0rtion °f th* ™ro-

pegmatite is secondary in origin. Such an occurrence

is well illustrated by a specimen collected by Mr. Middlemiss from a dyke

if miles north of Jaulikerai, Hosur taluk, Salem district.1 In this rock

the felspars have been completely decomposed in the central portions of the

micropegmatite, with the formation of green chloride products which also fringes,

with decomposed biotite, the adjoining pyroxenes of the rock. In the same way

the felspars are attacked, partly kaolinized, and clear quartz, presumably secondary

in origin, is deposited in isolated patches, which are seen between crossed Nicols

to be in crystallographic continuity with one another, and form real quartz of

corrosion. In a homogeneous matrix, where free development would be possible,

one would expect such secondary quartz to exhibit idiomorphic outlines, and such

cases have been described and attributed to secondary enlargement of micro-

graphic quartz.3

66. Wherever the augite comes in contact with the micropegmatite it shows

signs of secondary change with the formation of green hornblende, biotite and

concomitant separation of magnetite. The side of the augite away from the

micropegmatite and abutting against the ordinary plagioclase generally shows no

such signs of alteration. Whether this change in the augite is much later than

the formation of the micropegmatite is not certain, but that contact with the latter

substance is essential to its production seems certain. These changes in the augite

are precisely similar to those which Professor Sollas has described as the result of

the intrusion of granophyre into augite-diorite ("gabbro") at Barnavave, Carling-

ford. But in the Madras dykes it is impossible to consider these minute micro-

1 Field number (4), 13th Feb. 1896,

• See Quart. Jautn., Got. Soo., Vol. XLV11 (1891) p. 177.
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pegmatitic patches as other than part of the rock and derived from the same

magma as the augite and plagioclase.

67. Micropegmatitic intergrowths of quartz and felspar have frequently been

described in rocks of this kind. Some of these strikingly resemble the Madras

dykes in their mineralogical composition; for example, the " quartz-gabbro " of

Carrock Fell, which consists principally of plagioclase and augite, with enstatite

often intergrown with the augite, occasional biotite, opaque iron-ores and micro-

graphic intergrowths of quartz and felspar1 ; the " gabbro " of St. David's Head

which differs from the Carrock Fell gabbro in containing more biotite and less

micropegmatite2 ; the Whin Sill, which shows variations from coarse-grained por

tions, in which augite becomes idiomorphic, to a hemicrystalline rock near the

margins3; and the enstatite-diorite of Penmaenmawr,* all intrusive in Lower Palaeozoic

strata.

68. Other examples have been described, but those just mentioned all strikingly

resemble the Madras rocks both in mineralogical composition and in structure.

The micropegmatite has generally been considered to play the rftle of groundmass

and to be ihe last-formed constituent, but in a paper "On the relation of

the Granite to the Gabbro of Barnavave, Carlingford," Professor W. J. Sollas,

has described granophyric (micropegmatitic) patches in the gabbro (augite-diorite)

and whilst showing that they can always be traced to minute intrusions from the

associated acid rocks, suggests that the same explanation may be applied also to

such cases as the Penmaenmawr rock and the gabbro of Carrock Fell.6

69. For want of evidence, however, as to the occurrence of " granophyres " in

association with the Whin Sill, Professor Sollas admits that this explanation cannot

be applied to that instance,8 neither can it be applied to the Madras dykes. Of the

large number of dykes which show this structure in Peninsular India, not one, so far

as I know, has been crossed by a later intrusion of acid rocks, and even should this

happen to be the case, it still remains to be proved that such acid intrusions are

not derived from the same magma, and consolidated subsequent to the basic por

tions as part of one continuous process. I would consequently prefer the explana

tion which I have already given, namely, that the micropegmatite is really original,

the last phase in the consolidation of the rock, and its formation and preservation are

facilitated by the perfectly quiet conditions of consolidation and subsequent

freedom from dynamic disturbances. The order of consolidation of the minerals

in these form a striking illustration of the normal succession according to Lagorio's

law, and the formation of micropegmatite by the crystallization of the small quantity

of acid mother-liquor after the separation of the basic ferro-magnesian silicates is

quite in accordance with this law.

70. If, as I have suggested, the micropegmatite crystallized in the spaces

1 A Harker, Quart. Journ. Geol. Soe., Vol. L, p. 316 (1894).

1 A. Harker, Petrology for Students (1895), p. 66.

• ]. J. H. Teall, Quart. Journ. Geol. Soc, Vol. XL, p. 640 (1884), also Brit. Petrog.,

p. 207, and piate XIII, fig. 2.

' J. J. H. Teall, Brit. Pttrog., p. 272, plate XXXV, fig. 3.

• Trans. Roy. Irish Acad., Vol. XXX (1894), pp. 487—490.

• During the discussion on Mr. Harker's recent paper on the granophyres ot Skre, Mr.

Watts pointed out that the Whin Sill at Caldron Snout passed into a rock which was

practically a gabbro embedded in granophyre.
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formed between the strong framework of coarsely-crystallized pyroxene and

plagioclase, these microscopic miarolitic cavities were probably in imperfect

communication with one another, and in this way they may represent in a sense

so-called "contemporaneous" veins. It remains to be seen how far supposed

intrusive veins of such rocks as graphic granite and granophyre are simple

segregations into fissures, whose production have been facilitated by absence 0

any greater pressure than the fissured rocks are able to withstand. But this opens

a wider question than the rocks under consideration afford data for discussion.1

71. Passing on to other members of this group represented in the dykes of

South India, we find that the rock of Isa Pallavaram passes gradually into more

typical augite-diorites by loss of enstatite and biotite, and by a tendency for the

plagioclase to crystallize at an earlier stage, being either contemporaneous with, or

even later than, the augite, with a consequent tendency to the production of the

ordinary ophitic type of many rocks known as diabases. Good examples of (his

type have been collected by Dr. Warth at Mailam (No. 9,795), Perumbakam (Nos.

9,789 and 9,790), Tirvukarai (Nos. 9,777 and 9,778), in South Arcot district; and

by myself at the Seven Pagodas in Chingelput district (No. 9,678).

The last-mentioned occurrence has given specimens almost free of enstatite,

the pyroxene being almost completely monoclinic. An analysis of this rock by

Mr. Bruhl gave the following results :—

Si 0, . • 5' IS

TiO, . 044

P.O. o*o6

AL.O, . . i5"9»

Fe.O, . 934

Fe 0 . 2-87

Mn O . . 0*09

CaO . 1040

MgO . 648

K,0 1*61

Na, O . 119

H, O O'll

9966

The detection of microcline microscopically (paragraph 63) showing the presence

of potash felspar as a constituent of the micropegmatite is confirmed by the compara

tively large proportion of potash shown by this analysis. The ratios of silica to

sesquioxides and protoxides differ from those of the Whin Sill no more than

might be accounted for by the difference in preservation of the two rocks. The

Whin Sill has undergone a certain amount of hydrous decomposition, whilst

the dyke of augite-diorite at the Seven Pagodas is most remarkably fresh. Both

rocks show a striking approach to the hypothetical basic magma of Durocher,

which he supposed to contain 5 1 per cent, of Si 0„ and possessed a density of

2*96.

1 Besides the localities already quoted some very fine examples of augite-diorites with

micrographic quartz were collected by Mr. Lake during the season 1887-88 in the Be Mary

district and Raichur Doab, some of them occurring as dykes in the Dharwars:— Nos. 8,537,

550, 552, 558, 569, 593, 613 and 655.

C 2
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{5.) Hemicrystalline varieties of the Augite-diorties.

72. As in the two preceding groups, the augite-diorites have their fine-grained

and possibly hemicrystalline representatives in narrow dykes and on the selvages

of the larger masses. Two of the most striking examples representing each of

these conditions have been collected by Dr. Warth. The first was found as a dyke

20 feet wide at Nemeli (No. 9,784), and the second forms the selvage of the large

mass of Perurabakam hill (No. 9,788), both in South Arcot district.

73. In the former case (Nemeli) the pyroxene individuals are frequently found

to be rhombic in the centre, exhibiting crystallographic

P7(PorTarite )"'' parallelism to the augite growing around. These enstatite

cores often show a pair of horns at either end giving the

core very much the shape of the crystallites which Mr. Rutley has figured as

"crenulites.1" The augite is greatly in excess of the enstatite, and although it

probably commenced its crystallization before the felspar, these two constituents

are' sufficiently intergrown to show that they mostly separated simultaneously,

leaving a series of spaces which are filled in with skeleton crystals of magnetiie and

a micrographic intergrowth of probably felspar and quartz on an exceedingly

minute scale, in some places what Harker would call cryptographic? It would be

interesting to follow this rock out to its selvages; but no further specimens were

collected.

74. The rock which represents the selvages of the large mass at Perumbakam

... . ^ consists of phenocrysts of augite and olivine in a very fine-
Augite-andesite. r ' , '

grained matnx of probably the same minerals, magnetite

and small patches of biotite, forming a closely felted mass in which it is impossible

to decide as to the presence of vitreous material. From the specimen alone the

rock might very well be described as an augite-andesite.

75. The phenocrysts are often gathered intoglomero-porphyritic groups showing,

by their intergrowths, the approximately simultaneous crystallization of the augite

and felspar. These minerals are of the usual type represented in the more

perfectly holocrystalline types, and the felspars in the same way are crowded with

minute inclusions, giving the crystals a light brown or grey colour. Although with

the low powers the pyroxene appears to be almost wholly augite, examination with

the high powers shows on a minute scale the microperthite-like structure, which

may possibly be due to an intergrowth with rhombic pyroxene.8

(c.) Volcanic representatives of the Augite-diorites.

76. Although the contemporaneous lava-flows of the Cuddapahs are represented

B«umcheru Iara-flow. hy a ver7 limited number of specimens in the Geo

logical Museum, those which have been collected strikingly

resemble the dylte-rocks already described in mineralogical composition and in

structure. Probably the most typical representative of the augite- diorite group is

1 Win. Mag., Vol. IX, plate, 6gs. 18, 19 and 30.

* Petrology (t 895), p. 92.

* A similar rock was collected in :886 by Mr. R. Brace Foote in the Bellary district and

recorded by myself from the hand-specimen as in Augite-andesite [No. 9,454; Xec. Geol.

Surv. lnd.. Vol. XXVII, p. 40 (1894].
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the lava-flow near Be"tumcheru, in the Kurnool district, which is a member of the

Poolumpett beds of the Chey-air stage, Cuddapah system.

77. Mr. P. Lake1 has shown that this rock is composed principally of augite

and plagioclase with a little magnetite, and has a specific gravity of 3*0. Further

examination shows the presence, according to my determination, of considerable

quantities of quartz which often forms micrographic intergrowths with the felspar,

and a very small quantity of enstatite with occasional flakes of biotite. The re

lations of ihe augite to the felspar are precisely those which characterise the augite-

diorite group amongst the dyke-rocks, the rock being sub-ophitic. Second

ary decomposition has resulted in the partial kaolinization of the plagioclase and

in the formation of a microcrystalline chloritic product from the augite.8

(d.) Occurrence of augite-diorites with micrographic quartz in other

Transition systems.

78. It is interesting to find very similar augite-diorites with micrographic

quartz associated with many of the other Transition systems of Peninsular India

which resemble a portion of the Cuddapah system in other lithological characters.

Many of these are dykes and consequently cannot be relied upon as evidence

for the purposes of stratigraphical correlation; and although the small number of

specimens collected from undoubted contemporaneous trap-flows agree very re

markably with the augite-diorites of the Cuddapahs in petrological characters, far

more evidence of a precise character is necessary before the characters of the

volcanic rocks can be added to the other lithological evidence which forms the

only data available for the stratigraphical correlation of these unfossiliferous

systems of the Peninsula.

79. Amongst the contemporaneous traps of the Transitions containing micro-

pegmatite which are represented in the Calcutta collection are principally from

the Bijawars (,Nos. 5,8 and 5,10, which contain olivine and are beautifully ophitic;

Nos. 32,126 and 55,34, which have been greatly altered, the latter showing the

" herring-bone " structure due to lamellation parallel to the basal plane so fre

quently noticed by Teall, Harker and others) and the Gwaliors (No. 12-49).

The last-named from the Barai trap-flow of the Gwalior Transition series,3 con

tains porphyritic crystals of plagioclase, now considerably decomposed.*

IV.—SUMMARY OF RESULTS.

80. The dykes intrusive in the gneisses and Dharwar Transition rocks of

Southern India, as the well as the Cuddapah lava-flows, which are supposed to be

their volcanic representatives, vary from o'ivine-augile-norttts (enstatite-olivine-

1 See. Geol. Surv. Ind., Vol. XXIII, p. 261 (1890).

« Another specimen: obtained by Dr. King, 3 miles W. S. W. of Be'tumcherii (No. 97,93)

is an amygdaloidal, fine-grained variety of apparently the same roclc ; but is loo far decom

posed to permit a correct determination of its original characters.

• See Hacket, Ree. Geol. Surv. /nd., Vol. Ill, p. 38 (1870).

4 I have also found micrographic quartz in very similar augite-dioritei intrusive in tho

unfossiliferous palaeozoic slates, dolomites and quartzites of Naini Tal and in Garhwal

(Nos. 9,737, 850, 854, 866).



38 Records of the Geological Survey of India. [VOL. XXX.

gabbros) sometimes approaching saxonite (harzburgite) in composition, to augite-

diorites (gabbros) with micrographic quartt.

81. Hemicrystalline representatives of these rocks occur in narrow veins and as

selvages to larger masses. Two of these are exceptional types related to the magma-

basalts and augitites. In one case olivine is the only phenocryst in a black

cryptocrystalline matrix. In the other the only phenocryst is enstatite which lies

in a microlithic matrix of augite and probably felspar with residual glass. The

enstatites are enclosed in a thin shell of augite, which is frequently in crystallo-

graphic continuity with isolated fragments of augite within the enstatite.

82. In the most basic members of the series, olivine is the first constituent

to crystallize, and is followed in order by enstatite, biotite and plagioclase. The

plagioclase grows around its associates in crystals sufficiently large to give a distinct

" lustre-mottling " to the hand specimens of the coarse-grained varieties. In the

less basic types, which are wanting in olivine, the enstatite, augite, biotite and

felspar are crystallized in the same order. In the least basic forms, enstatite is

either absent, or present in subordinate quantities, forming nuclei for the augites,

which exhibit in these types a tendency to crystallize at a later stage, being deve

loped mostly simultaneously with the felspar even to produce in some cases a sub-

ophitic structure.

83. The mtcropegmatite is evidently the latest constituent to consolidate. It

is composed of quartz and either plagioclase or a potash-felspar, which is some

times in the form of microcline. When the quartz is intergrown with plagioclase,

the latter is generally in crystallographic continuity with large adjoining crystals.

The plagioclase-felspars are brown or grey in their central portions, on account of

innumerable inclusions. As the periphery of the crystal is approached the colour

becomes less pronounced, and the felspar, as shown by its change in extinction-

angle, less basic, until at the margins, where it is intergrown with quartz to

form the micropegmatite, it and the quartz become quite " water-clear, " but then

they invariably contain numerous acicular inclusions of a mineral resembling

actinolite. These " water-clear " micropegmatite patches fill in the angles between

the large crystals of felspar and augite, and though evidently younger than either of

these minerals, must be regarded as crystallized in direct succession to them as the

last-formed constituent during the primary consolidation of the rock.

84. In the majority of the dykes the only signs of alteration are in the form

ation of green hornblende and biotite with concomitant separation of magnetite where

the augite comes in contact with the micropegmatite. These changes are never

shown except on the sides of the augite nearest the micropegmatite. They are

precisely similar in character to the alterations induced in the augites of the Car-

lingford gabbro (augite-diorite) by intrusions of "granophyre" (Sollas, Trans.

Roy. Irish Acad., Vol. XXX (1894), p. 493). But it would be impossible to

regard such excessively minute patches of micropegmatite. whose felspars are in

crystallographic continuity with the ordinary plagioclase-constituents of the rock,

as intrusive, and such a conclusion, in the complete absence of connection with

larger acid intrusions, would be quite an unjustifiable alternative to the explanation

offered above (para. 83). When the rocks show signs of hydrous decomposition,

the micropegmatitic patches are always found to be the centres of action. One

result of this decomposition is a secondary extension of the micropegmatite by

deposition of genuine " quartz of corrosion " in the surrounding felspars.
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85. As the consolidation of the rock resulted first in the formation of a strong

framework of coarse augite and felspar crystals, the spaces left, and now occupied

by the micropegmatite, must have been in partial communication with one another.

As a glass occupies a greater space than the same substance when crystallized, the

micropegmatitic portions must be less compact than the rest of the rock, and

being protected by the strong framework of augite and plagioclase. from the pres

sure brought to bear on the rock as a whole, might give rise even to the production

of microscopic miarolitic cavities. As these loose-textured portions are in com

munication with one another, they become the channels of water-circulation and

consequently appear in sections as the centres of hydrous decomposition.

86. Although, as already stated, the micropegmatite in the fresh, undecom-

posed rocks is regarded as primary in origin and subsequent in formation to the

augite and plagioclase, the considerations stated in the previous paragraph suggest

that its formation is not a simple continuation of the normal crystalline consolid

ation of a molten magma. Any water which may have been in the original molten

material would be reserved in the "mother-liquor" after the separation of the

augite and plagioclase, so that the changes which subsequently occurred in the com

municating inter-crystal spaces would be of an aqueo-igneous nature. This accounts

perhaps for the peculiar appearance of the " water-clear " patches of micro

pegmatite with their acicular actinolitic inclusions, recalling at once the similar

quartz which is generally regarded as secondary in decomposed rocks, and

explains also the alteration of the augite where it comes in contact with the micro

pegmatite.

87. In describing the " granophyric gabbro" of Barnavave, Carlingford, Pro

fessor Sollas (Op. cit., pp. 487—490) traced micropegmatitic .patches in an augite-

diorite to thin veins of " granophyre, " which he regarded as intrusions of material

in a state of great fluidity, and suggests that this explanation may apply also to

the similar well-known cases of Carrock Fell and Penmaenmawr which are found

to be in association with large masses of "granophyre." For want of evidence,

however, as to the occurrence of " granophyres " in association with the Whin

Sill, Professor Sollas admits that this explanation cannot be applied to the similar

occurrence of micropegmatite in that rock. Neither can it be applied to the

Madras dykes, which are not, so far as I know, crossed by any later intrusion of

acid material. The explanation which I have offered in connection with the

Madras rocks appears to account for the primary formation of micropegmatite in

these rocks, as well as its secondary extension.

88. Accepting Professor Sollas' precedent for extending an explanation

beyond the limits of the material under description, I would suggest the

application ot the explanation now offered for the Madras dykes to such cases

as the Whin Sill, Carrock Fell gabbro and the Penmaenmawr enstati^-diorite;

and further to suggest that even distinct veins of granophyre instead of being

considered normal igneous intrusions, can best be explained as " contempor

aneous veins " formed as the final stage in the consolidation of the magma

from which the augite-diorite was obtained during the earlier stages of its

consolidation. When the consolidation takes place under limited pressure, as was

probably the case with these Madras dykes, the framework of augite and plagioclase

.will be sufficiently strong to prevent collapse, and the micropegmatite can thus
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consolidate In the intercrystal cavites. But where the pressure is in excess of that

which the framework of augite and plagioclase is able to withstand, as is more likely

to be the case in large masses, the mother-liquor will be squeezed out and will

consolidate as a separate mass of granophyre. Some such explanation as this I

would offer to account for the frequent association of masses of augite-diorite

(gabbro) with granophyre ; or in other words, to account for the separation of these

genetically related rocks when the magma is sufficient to form large bosses, and for

their intimate microscopic association where the magma consolidates in narrow

dykes.

89. Like the pyroxene-granulite series in which these basic rocks occar so

frequently as dykes, they are remarkably fresh. Even the olivines show practi

cally no signs of decomposition in the dyke-rocks and have suffered only slightly

in the lava-flows, whilst signs of dynamic metamorphism are absolutely wanting.

These facts are in complete agreement with the known stratigraphical history of

Peninsular India which has been so remarkably free from crust disturbances

since Palaeozoic times.

90. As the effects of subaerial weathering must be very superficial compared

to the results of the action of water charged with carbonic acid under the high

pressures at the bottom of an ocean, the fresh condition of the olivine and other

minerals susceptible to hydrous decomposition in these rocks is in agreement with

the absence of any evidence as to the deep submergence of the parts of South

India where these rocks are exposed.

91. The absence of all signs of amphibolization in the augites, which are so

susceptible to the effects of dynamic metamorphism, is in agreement with the

undisturbed state of all rocks younger than the Cuddapahs in Peninsular India,

whilst the same feature serves generally to distinguish the basic igneous rocks of

post-Cuddapah age from the epidiorites and other highly altered eruptives associat

ed as contemporaneous lava-flows with the older Dharwar Transitions,

92. Although such petrological features can never be relied on alone for pur

poses of stratigraphical correlation, it is worthy of remark that augite-diorites with

micrographic quartz, and equally well-preserved, occur in Transition systems like

the Bijawars and Gwaliors in other parts of Peninsular India, which have generally

been considered older than the Cuddapahs ; but which agree, however, with the

lower stages of this system in many other lithological characters.

V.—EXPLANATION OF PLATES.

Plate I.

Fig. i.— Olivine-norite, S. of Kaithaha, near Saria on the Sone river, Ram-

• nagar Tahsil, Rewa State. No. 10,588 ; slide 2125. Magnified by

20 diameters. Olivine in rounded crystals with reaction-rims of

a colourless granular enstatite forming the inner zone and fibrous

actinolite forming the outer zone. The colourless portion is

plagioclase in which two crystals of enstatite are shown. Where the

small enstatite crystal, near the upper margin of the slide, ap

proaches olivine the only sign of a reaction-rim is a thin band of the

colourless granular mineral separating the enstatite crystal from

.
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the olivine. Such thin bands of the colourless mineral are often

found in crystallographic continuity with the neighbouring pri

mary crystal of enstatite. •

Fig. 2.— Olivint-enstalite-basalt.—Dyke in " pyroxene-granulites," Coonoor,

Nilgiri hills, Madras Presidency. No. 8,759; slide No. 1599.

Magnified by 20 diameters. The phenocrysts in this rock are

olivine, enstatite and plagioclase. There are numerous glomero.

porphyritic aggregates formed of one crystal of olivine in the

centre with numerous enstatite-crystals around. Such a group

is shown in the centre of the field. The matrix is pilotazitic,

possibly hyalopilitic, containing augite, biotite, enstatite, felspar

and magnetite. Towards the central portions of this dyke the

crystals of the groundmass are more clearly-defined, and the pleo-

chroism of the rhombic pyroxene often well exhibited. (See

paras. 36—38.)

Fig. 3.—Magma-basalt without augite.—Thin vein in " pyroxene-granulite,"

near Poorsy, north-north-west of Wandiwash, Madras Presidency.

No. 1,842 ; slide No. 2027. Magnified by 80 diameters. The rock

has a black, almost opaque, cryptocrystalline or glassy matrix in

which olivine phenocrysts only occur. The crystals are well

shaped, zoned and often corroded by the magma, as shown by this

specimen. The cracks running across the matrix are filled in with

colourless decomposition-products.

Fig. 4.—Olivine-norite-variolile.—Selvage of vein 2 feet wide in "pyroxene-

' granulite," Coonoor, Nilgiri hills, Madras Presidency, No. 8,757 ;

slide No. 2198. Magnified by 2c diameters. The varroles are

brown in colour and sprinkled with magnetite-dust. Glomero-

porphyritic aggregates of olivine and enstatite precisely resembling

those shown in fig. 2, as well as isolated crystals of enstatite, are

scattered through the cryptocrystalline matrix.

Fig. 5.—" Norile-fehite,"—Dyke 20 feet wide in " pyroxene-granulite," Eriytir,

South Arcot district, Madras Presidency. No. 9,782 ; slide No.

2197. Magnified by 20 diameters. Porphyritic crystals of colour

less enstatite in a matrix of augite and long microlites of felspar

with black interstitial matter, which may be vitreous. The way in

which the long microlites of felspar are wrapped around the

pyroxenes forms a perfect imitation on a very small scale of the

blades of plagioclase in the coarse-grained rock from Salem

described in para. 56. The large phenocrysts of enstatite are

generally encased in a thin shell of augite, which is seen between

crossed Nicols to be in crystallographic continuity around, and

often also with apparently isolated fragments of augite within, the

enstatite phenocrysts. This rock bears to the augite-norites pre

cisely the same relation as a felsite does to a granite. It may

therefore be called a " norite-felsite," or any convenient name
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which indicates that its composition is that of a norite and its

structure felsitic.

Fig. 6.—AugiU-diorile with micropegmaftte.—Dyke in " pyroxene-granulite,"

Mailam, South Arcot district, Madras Presidency. No. 9,795 ;

slide No. 2133. Magnified by 12 diameters. Crossed Nicols.

The rock is composed of augite, plagioclase and a micropegmatitic

intergrowth of quartz and felspar playing the r61e of groundmass

and regarded as primary in origin.

Plate II.

Fig. 1.—Basal section of olivine crystal, showing the traces of brachypinacoid-

al cleavage planes crossing the cut edges of the dendritic inclu

sions at right angles. The quartz wedge shows the latter to lie in

the direction of the axis of maximum optical elasticity a, whilst the

cleavage cracks are parallel to the axis of minimum optical elasti

city c (See para 13). From Olivint-augite-norile, near Saria

Rewa. Rock No. 10,588; slide No. 2125. Magnified by 180 dia

meters.

Fig. 2.— Intergrowth of pyroxene-crystals, showing the peculiar microperthite-

like structure in one of the individuals (P). The positions of

extinction in the individuals P, Pi, Plt, and Pm respectively are

shown by the arrows. From the same Olivine-augite-norite ; slide

No. 1895. Magnified by y diameters. (See para. 18.)

Fig. 3.—Reaction-rim between olivine and plagioclase. 0=Olivine, P=

Plagioclase, E = Enstatite with its secondary enlargements, e,

which are in crystallographic continuity with the original crystal

E, and in one place form part of the reaction-rim with the green

actinolite, a. It will be noticed that the actinolite, a, appears only

between the secondary enstatite, e, and the plagioclase, not between

the latter mineral and the primary enstatite, E. E. shows feebly the

pleochroism of hypersthene, whilst e is perfectly colourless. Slide

No. 2125. Magnified by y diameters. (See para. 14.)

Fig. 4.—Augite- andesite, forming the marginal portion of a large mass of

augite-diorite with micropegmatite at Perumbakam, South Arcot

district, Madras Presidency. It consists of a hyalopilitic ground-

mass of augite, plagioclase, biotite magnetite and glass with

phenocrysts of augite (A) and plagioclase felspar (F) showing

in the glomero-porphyritic groups approximately simultaneous

crystallization of the two minerals. Rock No. 9,788 ; slide No.

2130. Magnified by y diameters. (See para. 75.)
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The reference of the genus Vertebraria by M. R. ZEILLER; translated

by E. Vredenburg, A. R. C. S., Assistant Superintendent, Geologi'

cat Survey of India}

Few fossil genera have so much perplexed the minds of most eminent paloeo-

botanists for the last 50 years as the genus Vertebraria, without any definite

conclusion having been arrived at respecting its true affinities This genus was

established by Royle in 1830. to include flattened axes of varying width, usually

with a more or less distinct median groove, giving off at right angles transverse

furrows more or less irregularly spaced, sometimes alternate, sometimes opposite,

and dividing either side of the impression into a series of successive joiats.

Moreover, the widest specimens usually exhibit upon each side other longitudinal

grooves parallel with the central one, only not so distinct. These grooves, longi

tudinal as well as transverse, may be replaced by projecting ridges, according

to the mode of preservation of the fossil. The axes are either simple or provided

with branches, alternately disposed on either side, but irregularly spaced.

A few specimens lying at right angles to the planes of bedding, show upon their

cross section a series of wedge-shaped segments radiating from a common centre

and more or less closely packed ; this led some authors to arrive at a conclusion,

which was subsequently recognised as unfounded, that they were SphtnophylU

oidecev/ith very numerous leaf whorls, close set along the stem. Bunbury regard

ed the specimens he studied as roots. O. Feistmantel who has had the opportu

nity of examining a large number of specimens obtained from India and Australia,

concluded, but without committing himself any further, that Vertebraria is the

root or rhizome of some other plant, and probably of an Equisetaceous plant such

as Schitoneura or Phyllotheca ; but this view seems difficult to accept as the

transverse folds of Vertebraria often intersect only half the structure, and the

existence of real articulations like those of the Equisetacea appeared far from

evident.

Up till now, Vertebraria had been met with only in India in the lower

Gondwana series, and in Australia in the Newcastle beds. I have recently been

able to detect its occurrence in another region, the permo-triassic deposits of the

Transvaal belonging to the Beaufort stage ; it is fairly abundant amongst the speci

mens collected by M. de Launay, mining Engineer, in the neighbourhood of

Johannesburg. It is associated, as in Australia and India, with numerous impres

sions of Glossopteris, and as very few other vegetable remains are met with, I was

led to consider whether this association of Glossopteris and Vertebraria did not

indicate some mutual relationship.

By splitting up these Transvaal specimens and carefully developing the im

pressions which they contained, I was soon able to ascertain the presence, upoi.

several specimens of Vertebraria, of more or less abundantly ramified roots start

ing from some of the transverse grooves, from which I was able to infer that they

are undoubtedly rhizomes. Further, a study of the structures exhibited by the

impressions has enabled me to conclude that these rhizomes consisted of a central

axis provided with a variable number of longitudinal wings anastomosing two by

1 Complts Rendut, cxxii, 744. I am Indebted to Surgeon-Major D. Prain, Curator of

the Herbarium, Royal Botanical Gardens, Sibpur, for kindly revising the translation.

—R. D. O.
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two from place to place ; the characteristic transverse grooves observed upon the

surface corresponding to these anastomoses.1

Now such a disposition is actually met with in certain ferns, particularly in

Struthiopleris germanica whose rhizome is provided with a variable number of

columns {stiles) each situated towards the extremity of a projecting wing, and

successively uniting two by two to give rise to the leaf-bundles. If the leaves of such

a rhizome were fewer and not so regularly spaced it would produce an impression

resembling that of Vtrtebraria. The irregularities shown in the interspacing of

the transverse furrows could not, however, invalidate the reference of this fossil

genus to the ferns, some of which, particularly Oleand'a, exhibit at the present

day, still greater irregularities with regard to the distribution of their leaves, which

may be more or less apart, or else closely packed in pseudo-verticils.

It appeared probable to me, therefore, that Verlebraria belonged to Glosso-

pterts, but this was only a conjecture requiring further verification if possible. By

means of a minute examination of the impressions collected by M. de Launay, I

have been fortunate enough to verify this point- First I was able to follow' up to its

base a Glossopteris leaf fixed to a Vtrtebraria, and to observe that its midrib bent

round so as to fit exactly into a transverse furrow of this rhizome where it termi

nated ; their mutual relation was, however, not altogether beyond doubt, and there-

. fore, although such a coincidence would seem most unlikely, it might still have

been objected that this was merely an accidental juxtaposition. At last, on a

specimen exhibiting a more distinct transverse folding, which assumed the appear

ance of a leaf scar, I was able to discover a group of bundles starting from tin's

anastomosis of longitudinal ridges and, following it outwards, to discern its continu

ation into the midrib of a Glossopteris leaf, imperfectly preserved, but perfectly

recognisable.

Vtrtebraria is therefore nothing but the rhizome of Glossopteris, and this ob

servation at once solves the problem of its interpretation and adds greatly to our

knowledge of this genus of Ferns which has played so important a part in the

flora of one of the two great botanical provinces of the close of the palaeozoic

era. Somewhat similar in habit to Oleandra, that is with leaves now wide

apart, now clustered in tufts, Glossopteris had winged rhizomes very analogous to

those of Struthiopleris germanica. As in the last mentioned plant these rhizomes

in all probability gave off stolons provided first with leaf-scales and producing only

after a time normally developed leaves. I have indeed noticed amongst the

Johannesburg impressions, numerous scales, triangular or oval in outline, the limb

of which appears to have been rather thick and coriaceous, whose anastomos

ing venation is sometimes remarkably similar to that of Glossopteris ; one of them,

more completely developed, comes so near, both in shape and dimension, to cer.

tain leaves of Glossopteris browniana, that its reference to this species seems to

leave no room for any doubt. Contrary to what takes place in Struthiopleris

germanica, where the two kinds of leaves, underground scales and rS'id fronds,

remain absolutely distinct, it would appear that in Glossopleris, whose stolons were

perhaps epigseous, there was a gradual passage from scales to normal leaves.

1 In the original i " ces rhiz, tries etaient f6rmees d'un axe central muni d' un nombre

variable d'ailes longitudinales s'anastomosant deux a deux de distance en distance, les

cann lures transversales caracteristiques q'on observe a leur surface correspondent pre'eisi-

ment a ces anastomoses." As will be seen from the succeeding paper the structure of

the Indian specimens is not in accord with this description.
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On a Plant of Glossopteris with part of the rhizome attached, and on the

structure of Vertebraria, by R. D. OLDHAM, Officiating Director,

Geological Survey of India (with Plates III to Vj.

The interest of the foregoing paper, as not only extending the range of the charac

teristically Indian genus Vertebraria, but also settling its true botanical nature, so

long in doubt, has seemed sufficient to justify the publication of a translation in the

Records of the Geological Survey. Besides its purely botanical and geological

importance it is of interest in adding yet another to the long list of instances

of independent and simultaneous discovery. During the last working season I was

fortunate enough to find, in the lower Gondwanas of south east Rewah, a bed crowded

with the remains of Glossopteris, Macrotoeniopteris, Schizoneura, etc., and among

them a specimen, figured on PI. Ill, of a clump of Glossopteris communis fronds,

evidently springing from a fragment of the rhizome. The specimen was sufficiently

striking to attract the notice of the labourers I had employed to dig out the bed, but

unfortunately the most careful search failed in discovering either the reverse impres

sion or the continuation of the rhizome ; tfce one specimen figured is consequently

all the material available. The state of preservation of the specimen is not all that

might be desired, but it is sufficient to enable the generic and specific position of

the plant to be determined without doubt ; the peculiar manner of association of

the group of fronds is incompatible with any supposition other than that they

originally formed part of the same- plant, and it would be unreasonable to suppose

that the position of the fragment of rhizome at their joint bases is merely

accidental ; we may take it therefore that we have preserved a whole plant of

Glossopteris with a portion of its root-stock. This is of itself interesting as showing

the habit of growth of the plant, but besides this the small rhizome shows indistinctly,

it is tiue, but recognisably, the median ridge and transverse partitions of Vertebraria.

Taken in conjunction with Mr. Zeiller's observations this specimen may, therefore,

be regarded as establishing the true nature of Vertebraria as the rhizome of a fern

and not, as is more often supposed, of an equisetaceous plant.1

The discovery of the botanical position of the Vertebraria naturally revives the

interest in its structure, and as this is but imperfectly treated in any of the descrip

tions I have come across, I have made a re-examination of the material in the Museum

of the Geological Survey and offer the following description of the facts disclosed

without anj expression of opinion as to their botanical application.

In its most common and typical form Vertebraria is preserved as an impression

on the surface of bedding of shale or sandstone. This long, and generally narrow,

1 It may be of interest to note that this is not the first specimen of a clump of Glossiptrris

fronds vvnich has been found in India. This specimen figured by Dr. Feistmantel, under the

name Sagtnopttris (?) longifolea (Pal. Indica, ser. xii, III, pi. XLA, fig. i) is in a very poor

state o' preservation, but can be recognised as a group of fronds of Glossopteris type, resem

bling G. communis. One side only of the stalk is preserved, but that shows distinct signs of

a transverse articulation. The specimen is evidently of a similar nature to that found in S.

Rewah, and resembles this so much that, with all deference to Dr. Felstmantel's authority, I

feel constrained to regard it as properly belonging to the genus Glossopteris, and not to '

Sagenoptitis, to which he doubtfully assigned it.

'; s.
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mode of preservation there is not uncommonly an outer film of coaly matter, and

in two ^specimens figured by Dr. Feistmantel'—the outer sheath is conspicuously

preserved, and can be seen to have been smooth, with a longitudinal striation ;

moreover, the flattening undergone by the stem in the ordinary mode of preser

vation shows that the matrix could not obtain a ready access to the intervals

between the septa. It would seem, however, that the outer rind must have been

much less substantial and more perishable than the central core or the septa.

Summing up the evidence we find that Vertebraria consisted of a central axis,

more or less well marked, joined to an outer rind by a series of radial septa, which

are usually eight in number in those specimens preserved so as to show a transverse

section, and having the spaces between the radial septa divided into chambers by

transverse partitions. The transverse partitions on either side of each radial

septum are in no case coincident with each other, and there is an appearance of

their being arranged spirally round the central axis, but the material available is

insufficient for the establishment of this point. From the readiness with which

the interspaces between the septa become filled by the matrix and the com

pleteness of their obliteration where this is not the case, it is probable that they

were air chambers and not filled with any form of celular tissue, however soft and

perishable.8

Branching of these stems takes place in two distinct ways. Either as in pi. IV,

fig. I, the central axis itself breaks up into two or more branches, or branches are

given off from the side of the stem. There are numerous specimens showing this

latter and more common form of ramification, several of which have been figured by

Dr. Feistmantel. It is not always possible to make out clearly the exact point at

which the stem and branch join, but in all those which I have examined the junction

seems to take place exactly on one of the transverse septa and, as far as can be

made out, at its junction with a longitudinal septum. In some cases the junction

seems not to coincide with any transverse septum, but in these cases the appearance

may be deceptive and has, besides, only been observed in thin branches or rootlets,

which do not exhibit the typical Vertebraria structure and may be functionally

different. On the whole, however, the statement above seems to represent the

facts, but certainty will only be attainable after the careful development of speci

mens well preserved in the round.

P. .S.—The foregoing description had been written and set up in type for pub

lication in part 4 of the Vol. XXIX of these Records, but had to stand over to

the present number owing to a delay in the preparation of the plates. Meanwhile

we have received, through the courtesy of M. Zeiller, a copy of a more detailed

description3 published by the Geological Society of France with full illustrations

of the specimens studied by him. The description and diagrams leave no doub1

of his interpretation of the structure of Vertebraria, and it is evident that the in

' Pal. Indica, series Xii. Ill, PI. XIIA, 10, XIVA, a.

* It will be noticed that this description agrees with that of Bunbury ( Q. J. G. S., XVII. 1861,

p. 3,19), eicept that he does not appear to hive recognised the continuous radial septa, no specimens

showing a trinsverse section having been included in the collection examined by him. Solms Laubach

jn his Fossil Botany (English translation, p. 366) has adopted a description agreeing in all respects with

that in the text above.

« Etude sur q lelques plantes fossiles, en particu'ier Vertebraria et Glosi"f>lrria, de3 en

virons de Johannesburg (Transvaal) ; Bull. Soe. Otol. de France, 3rd series, XXIV, 349 -378

(1896).
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completeness of the material at his disposal has led him to overlook the outer sheath

connecting the extremities of the radial septa. The analogies he sees between

Vertebraria and the rhizome of Sturthiopteris gtrmanica are consequently un

founded, but the main fact, the connection between Vertebraria and Glossopteris »

remains unaffected.

M. Zeiller in the same paper notices1 that Dr. Feistmantel's figure of

Sagetiopteris longifolia referred to above, seems to represent a group of fronds

at the end of a rhizome, rather than a palmate leaf. He also remarks that

Dr. Feistmantel's Sagetiopteris polyphylla (Pal. Indica, ser. xii, III, pi. XLI A,

fig. 4) appears to be the same specimen as that figured by McClelland under the

name Glossopteris acaulis. I can confirm this suggestion, as after a careful examina

tion of the figures, the specimen, and the registers of the Survey I had already satisfied

myself that the specimen described was the same in both cases. This specimen

and that forming fig. 3 of the same plate belong to the same species, each re

presents a group of fronds which individually resemble Gl. conspicua, Feist., in

shape and venation. The small fragment of stem or stalk preserved in the specimen

fig. 31s only '25 inch long and "i inch across; it is covered with a layer of carbona

ceous material, the outer surface of which shows a longitudinal striation, but no trace

of the characteristic Vertebraria structure.

I have allowed the specific name Gl. communis, Fstm., to stand—although M.

Zeiller in the paper under notice has shown that the characters which distinguish

V. indica, Schimper and V. communis, Fstm., may be found in the same frond—as

it seems very doubtful how far the distinctions between the species of Glossopteris

represent true specific differences in the plants as they lived, and it seems conveni

ent to retain the names as descriptive of different types of venation of the fronds.

EXPLANATION OF PLATES.

Plate I.

A plant of Glossopteris indica, Feist., with portion of root-stock attached ; two-

thirds natural size. The root-stock separated, twice natural size ; from Reohal

S. Rewah, Lat. zfsz' Long. 82°aa'.;

Plate II.

Fig. 1. Vertebraria indica showing ramification by splitting up of the main axis.

This specimen shows the usual mode of preservation and appearance of Verte

braria, as well as the most common type of ramification; Bajbai, S. Rewah, Lat.

34V Long. 8i°56'.

Figs. 2-j. Different views of a fragment of Vertebraria, showing radial and trans

verse septa ; from the Aurunga coalfield, Sukri river.

1 Loc.cit., p. 371.
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Plate III.

Fig. i. Cast of Vertelraria, with the longitudinal and transverse septa represent-

ed by cavities ; Anrunga coalfield, Sukri river.

Fig. 2. A specimen showing the longitudinal and transverse septa standing out

in relief by the weathering away of the softer matrix ; figured in Pal. Indica, ser.

xii, IV, pt. ii, PI. IV A, fig. 5, same locality as fig. 1.

Fig. 3. Another, smaller specimen showing the same features as fig. 2 ; figured

in Pal. Indica, ser. xii, IV, pt. ii, pi. IV A, fig. 9 ; same locality as figs. 1 and 2.

Fig. 4. A fragment preserved in the same manner as pi. II, figs 2-5, but showing

part of the outside rind connecting the ends of the radial septa : same locality as

PI. II, figs. 2-5.
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Part 3.—On the geological features of the northern part of Madura district, the Pudukota

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-

tacese, 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 of

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. XIII, 1880.

Pari i.—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 the fossil genera Noggerathia, Stbg., N6ggerathiop-

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 vol

canic foci of eruption in the Konkan.

Part s.—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.

/ urt 3.—The Kumaun lakes. On the discovery of a celt of palaeolithic type in the Punjab. Palae-

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 on 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 1.—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-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 3.—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 (Smithsonite 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 hills in the collec

tion of the British Museum.

Fart 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 line 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.

Part 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 Dalhousie, 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-

jiling 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 ard

results of the International Geological Congress of Bologna.
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Vol. XXII, 1889.

Part 1.—Annual report for 1888. The Dharwar System, the chief auriferous rock-series in

South India. (Second notice.) On the Wajra Karur diamonds, and on M. Cbaper'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. will

reference to its nature and mode of occurrence in India, and the cause of its flex it

On Siwalik and Narbada Chelonia.

Part a.—Note on Indian Steatite. Distorted pebbles in the Siwalik 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 Nehal Narii.

Kumaun. On some of the materials for pottery obtainable in the neighbourhood of jaba1-

pur and of Umaria.

Part 3.—Abstract report on the coal outcrops in the Sharigh Valley, Baluchistan. O

discovery of Trilobites by Dr. H. Warth in the Neobolus beds of the Salt-rangr

gical notes. On the Cherra Poonjee coal-field, in the Khasia Hills. On a Cobaltiferous

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 th;

Siwaliks. Recent assays from the Sambhar Salt-L'ake in Rajputana. The Man;.

Iron and Manganese Ores of Jabalpur. On some Palagonite-bearing raps of the RSjn;

hills and Deccan. On tin-smelting in the Malay Peninsula. Provisional Index o;

distribution of important minerals, miscellaneous minerals, gemstones, and quarry stones

in the Indian Empire. Part 1.

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 vertebrate

remains from the Nagpur district (with description of a fish-skull). Crystalline and

metamorphic rocks of the Lower Himalayas, Garhw&l and Kumaun, Section IV. On

bivalves of the Olive-group, Salt-range. On the mud-banks of the Travancore c<

Fort a.—On the most favourable sites for Petroleum explorations in the Harnai disi -

istan. The Sapphire Mines of Kashmir. The supposed Matrix of the Diamood at

Wajra Karur, Madras. The Sonapet Gold-field. Field Notes from the Shan Hi

Burma). A description of some new species of Syringosphxridae, with rem.

their structures, &c.

Fort 3.—On the Geology and Economic Resources of the Country adjoining the Sind-Pi

Railway between Sharigh and Spintangi, and of the country between it and Kha

(with a map). Report of a Journey through India in the winter of 1

Johannes Walther, translated from the German, by R. Bruce Foote. On the Coal-field

of Lairungao, Maosandram, and Mao-be-lar-kar, in the Khasi Hills (with

Further Note on Indian Steatite. Provisional Index of the Local Distribute rant

Minerals, Miscellaneous Minerals, Gem Stones, and Quarry Stones in the aire

(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 B>

The Darjiling Coal between the Lisu and the Ramthi rivers, explored durii

1890-91 (with a map). The Basic Eruptive Rocks of the Kadapah Area. The 1 1

Boring at Lucknow. Preliminary Note on the Coal Seam of the Dore Ravine, H;>

(with two plates).

Vol. XXIV, 1891.

Pert 1.—Annual report for 1890. On the Geology ofthe Salt-range of the Punjab, 1

re-considered theory of the Origin and Age of the Salt Marl (with five plates). 1

of Graphite in decomposed Gneiss (Laterite) in Ceylon. Extracts from the Journal

trip to the Glaciers of the Kabru, Pandim, &c. The Salts of the Sambhar Lake in i

putana, and of the Saline efflorescence called ' Reh' from Aligarh in the North-Western

Provinces. Analysis of Dolomite from the Salt-range, Punjab.

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

Lushai Hills. Report on the Coal-fields in the Northern Shan States,

reported Namseka Ruby-mine in the Mainglfin State. Note on the Tourmaline

Mines in the Mainglfin State. Note on a Salt-spring near Bawgyo, Thibaw State.

Part 3.— Boring Exploration in tht Daitongunj Coal-field, Palamom (with a map). Death of

DR. P. Martin Duncan. Contributions to the study of the Pyroxentc varieties 0/ Gneiss

and ofthe ScapolMe-bearing Rocks.

Part 4.—On a Collection of Mammalian Bones from Mongolia. Further note on th-

Darjiling Coal Exploration. Notes on the Geology and Mineral Res' Mkkit

(with a map). Chemical and Physical notes on Rocks from the Salt-range, Pui

(with two plates).

Vol. XXV, 1893.

Part 1.—Annual report for 1891. Report on the Geology 0/ Thai Chotiali and

Mari country (with a map and 5 plates). Petrological Notes on the BouUVr-bed 0/

Salt-range, Punjab, Subrecent and Recent Deposits of the valley pia;,is of Qu

Pishin and the Dasht-i-Bedaolat ; mith appendices on the Chamans e/Quetta- and tw

Artesian water-supply 0/Quetta and Pishin (witb one plate).



 

"art ?.— Geology of the Sated Koh (with a plates of sections). Report on a Survey of the

Jherria Coal-Geld (with a map and 3 section plates).

Part 3.—Note on the Locality of Indian TschefTkinite. 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 the Great Tenasserim

River, Mergui District, Lower Burma.

■ 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.

rt i.—Annual report for 1892. Notes on the Central Himalayas (with map and plate).

the occurrenc* of Jadeite in Upper Burma (with a map). On the occurrence of

Burmite, a new Fossil Resin/row Upper Burma. Report on the Prospecting Operations,

t, 1891-92.

?att 2.—Notes on the earthquake in Baluchistan on the 20th December 1892 (with 2 plates).

Note on Burmite, a new amber-Hie fossil resin from Upper Burma. Note on

the Alluvial deposits and Subterranean water-supply of Rangoon (with a map).

—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).

rt 4.—On the Geology of the country between the Chappar Rift and Harnai in Baluchistan

h map and 3 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-

lopite (Haughton) (with a plate).

Vol. XXVII, 1894.

fart /.—Annual report for 1893. Report on the Bhaganwala Coal-field, Salt-range, Punjab

h map and 2 plates).

— Note on the Chemical qualities of petroleum from Burma. Note on the Singareni

:-field, Hyderabad (Deccan) (with map and 3 plates of sections). Report on the

. Landslip, Garhwal (with 5 plates and 2 maps).

■t 3.— On the Cambrian Formation of the Eastern Salt-range (with a plate). TheGiridih

(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

ma (with a plate). Note on the Occurrence of Velates Schmideliana, Chemn.,

and Provelates grandis, Sow. sp., in the Tertiary Formation of India and Burma (with

2 plates).

c on the Geology of Wuntho in Upper Burma (with a map). Preliminary

■:ce on the Echinoids 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-Peridotite in Bengal.

Vol. XXVIII, 1895.

—Annual report for 1894. Cretaceous Formation of Pondieherry. Some early allu-

ns to Barren Island; with a few remarks thereon. Bibliography of Barren Island and

Narcondam,/roi» 1884 to 1894; with some remarks.

Part 2.—On the importance of Cretaceous Rocks of Southern India in estimating the geo-

,il conditions during later cretaceous times. Report on the Experimental Boring

oleum at Sukkur.from October 1893 to March l8f)5. The development and Sub-

rision of the Tertiary system in Burma.

—On the Jadeite and other rocks, from Tammaw in Upper Burma. On the Geology of

the Tochi Valley. On the existence 0/ Lower Gondwanas in Argentina.

Part 4.—On the Igneous Rocks of the Giridih (Kurhurbaree) Coal-field and their Contact

Effects. On some outliers of the Vindhyan system south of the Sone and their relation

i-called Lower Vindhyans. Notes on a portion of the Lower Vindhyan area of the

Sone Valley. iVore on Dr. Fritz Nobtling's paper on the Tertiary system in Burma, in

the Records of the Geological Survey of Indiafor 1895, Part a.

Vol. XXIX, 1896.

Part 1.—Annual report for 1895. On the Acicular inelusiont in Indian Garnets. On the

Origin and Growth of Garnets and of their Micropegmatiiic intergrowths in Pyroxenie

rocks (with i plate).

fart 3.—Notes on the Ultra-basic rocks and derived minerals of the Chalk (Magnesite) hills,

and other localities near Salem, Madras (with 2—6 plates). Preliminary notes on some

Corundum localities in the Salem and Coimbatore districts, Madras (with 7—9 plates).

On the occurrence of Corundum and Kyanite in the Manbhum district, Bengal. On

the papers by Dr. Kossmat and Dr. Kurtz, and on the ancient Geography of

" Gondwana-land." Note from the Geological Survey of India.

Port 3.—On some Igneous Rocks from the Tochi Valley. Notes from the Geological Survey

of India.

. —Report on the Steatite mines, Minbu District, Burma. Further notes on the Lower

Vindhyan (Sub-Kaimur) area of the Sone Valley, Rewah. Notesfrom the Geological Sut-

vtj of India.
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The Cretaceous Deposits of Pondicherri, by Dr. Franz KosSmat.

Translated by Arthur H. Foord, F.G.S., and Mrs. A. H. FOORD.

V

PART I. ON THE STRATIGRAPHY AND FAUNISTIC RELA

TIONS OF THE CRETACEOUS OF PONDICHERRI.

The cretaceous rocks of Pondicherri, long known in geological literature,

had shown numerous peculiarities in their fauna, which were with such difficulty

brought into harmony with the then imperfect knowledge of the European creta

ceous faunas, that the -three distinguished palaeontologists, Edw. Forbes, A.

d'Orbigny, and F. Stoliczka, who undertook their study came to entirely different

conclusions.

Forbes,1 who had the opportunity of working up the largest collection of

Pondicherri fossils made at any time, concluded that in spite of the great number

of tertiary and recent molluscan genera, he was dealing with a cretaceous deposit

corresponding with the European neocomian. What led him to this conclusion was

the occurrence of a great number of ammonites, whose nearest relations he found

in the European neocomian ; he even went so far as to identify some specimens

with species of the lower cretaceous (Am. juilleti, Orb., Am. rouyanus, Orb.).

Besides this the occurrence of numerous Hamites, which at that time were only

little known in the upper cretaceous, gave an older facies to the cephalopod fauna.

The frequent occurrence of gastropod and bivalve types of a later period was

explained by Forbes on the supposition that the Indo-Pacific area was their

original habitat, from which they afterwards penetrated into the European seas.

A. d'Orbigny 9 who, almost at the same time as Forbes, had studied a smaller

collection of Pondicherri fossils, came to quite a different conclusion. He

considered them to be of upper cretaceous age and in his " Prodrflme de

Paleontologie " 3 placed the whole of the fauna (also the species described by

Forbes) in his 6tage senonien, an opinion which is proved at present to be the

' B. Forbes: Report on the Fossil Invertebrata from Southern India collected by Mr. Kaye and

Mr. Cunliffe. Trans. Geol. Soc, London, 2nd ser., VII, 1846, pp. 97— 174, pi. VII—XIX.

- Voyage de I'Astrolabe et de la ZeMee. I. Paleontologie, Atlas, pi. I—V.

3 Paris, 1850. Vol. II, p. 211 IT.
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correct one. This result is to be traced to the circumstance, that d'Orbigny,

from his own observation, knew the fauna of the French upper senonian, which

gives the most important basis for the determining of the age of the Indian

specimens. Since no correct stratigraphical account was then at their disposal,

Forbes as well as d'Orbigny treated the Pondicherri deposits as a whole. Such

an account was first given by H. F. Blanford * as a result of the geological survey

of the district, and the division made by him formed the basis of Dr. Stoliczka's *

studies on the Pondicherri fossils. Blanford distinguished two fossil-bearing

divisions (1) the " Valudayoor group," which had given by far the greatest number

of species described by Forbes, and was thought to be neocomian, and (2) a

later division, which- in its facies and fauna represented an undoubted equi

valent of the Ariyaliir stage of the Trichinopoli district. This latter deter

mination was completely confirmed by F. Stoliczka ; but as to the Valudayur stage

he thought that he recognised in its ammonite fauna resemblances to the Utatdr

stage (cenomanian) of the Trichinopoli district,3 and consequently placed it, in this

horizon.

It must have appeared remarkable that the fauna of the lower division of

Pondicherri was not so different from that of the typical Ariyaliir stage as it might

have been supposed to be, considering the great accepted difference of age

between them, but that a great many species were common to the two groups,

as Blanford had already put in evidence. This was the case with the cepha

lopoda, but it was still more striking with the gastropod^ and bivalves. A series

of species which originated in the characteristic bluish shell-sandstone of the Valu

dayur beds proved to be undoubtedly identical with known Ariyalur forms, and

Stoliczka came gradually to the conclusion "that the extent of the Vsradayoor group

as being the lowest and about equivalent to the OotatoorbeeVsmusJbe accepted very

cautiously. The larger number from these Pondicherry beds are rather identical

with those from the Arrialoor group."* Stoliczka could not come to a complete

solution of the question as long as he was compelled to believe in the identity of a

larger number of Valudayur and Utattir ammonites, and thus the Valudayur beds

remained a special division belonging to the cenomanian, appearing as such in

the "Manual of the Geology of India, 2nd Edition" (Calcutta, 1893, p. 235),

and all other isolated deposits standing in near relationship to the Valudayur

stage were accordingly assigned to the cenomanian. Some years ago when I

began the examination of the fossils collected by Dr. H. Warth in the Trichinopoli

district, I was likewise occupied with the question of the age of the Pondicherri

beds, and I undertook a journey to London for the special purpose of

examining Forbes' original specimens preserved in the collections of the Geo

logical Society. It was soon seen that the formerly accepted conformity of the

Valudayur and Utatur ammonites did not exist, and that the ground upon

which the identification of the two deposits rested was removed, an opinion which

' H. P. Blanford : On the Cretaceous and other Rocks of the South Arcot and Trichinopoly dis

tricts, Madras : Mem. Geol. Surv. Ind., IV, 186a, p. 156 ff.

* F. Stoliczka : Cretaceous Fauna of Southern India (4 Vols.) Palzontologia Indica. Calcutta,

1865—1873.

1 F. Stoliczka : Cretaceous Fauna of Southern India, Vol. I. (cf. the list, pp. i.— ix.)

* F. Stoliczka: ibid, Vol. II, p. 217.
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I published, after my return from London, in a paper upon the zoogeographical

character of the cretaceous of Southern India.1

In the winter of 1894-95, Dr. H. Warth2 was deputed to reexamine the Pondi

cherri district, in which his principal task was the collection of fossils for the exact

stratigraphical division of the cretaceous deposits. This undertaking was accom

plished by Dr. H. Warth in an efficient manner, and he succeeded, in spite of tho

lack of good exposures and in spite of the exhaustion of the locality, formerly so

rich in fossils, in amassing a collection which permitted a correct idea of the

succession of the fossil-bearing horizons being attained.

These fossils were transmitted to Professor W. Waagen by Mr. C. L. Griesbach,

Director of the Geological' Survey of India, by whom I was entrusted with the task

of working them out. I may here mention that a similar distinction had been

conferred upon me by him in connection with the fossils of the Trichinopoli district.

Further, I am indebted to Messrs. Noetling and Warth, who selected these fossils

for despatch.

As the number of new, palaeontologically important, species is very small in the

whole collection, as moreover its principal interest is of a purely stratigraphical

nature, I consider it expedient to begin with the geological part and to give the

palaeontological descriptions as an appendix.

1. Thb Stratigraphical Divisions of the Cretaceous of

Pondicherri and. their Fossil Contents.

Dr. H. Warth distinguished during his researches into the cretaceous deposits

of the Pondicheht district six different horizons (A—F), which dip slightly

towards the east and are separated from the crystalline region to the west by a

band of alluvium. The area which they occupy is rather small (eight miles by

four) and moreover mostly covered by arable and garden land.

The horizon A (base) does not come into consideration in our stratigraphical

researches, as no fossils are known in it except fossil wood and traces of worms.

Thus there remain only the five other horizons, which have produced the whole of

the Pondicherri fauna known up to the present time. It has been proved, it is

true, by the examination of the fossil material, that the several horizons do not form

independent palasontological zones, but that band B and C, as well as band

D and E are connected together. Nevertheless they each possess special

petrographical characters, which had to be the more carefully investigated by

Dr. Warth, because it was believed at that time that the Utatdr stage (cenomanian)

and Ariyalur stage (senonian) were represented in the Pondicherri district, and

thus it was to be hoped that in one of the horizons the presence of the equivalents

of the Trichinopoli stage could be verified.

Of the horizons established by Warth, the two lower (B and C), correspond

1 F. Kossmat : Ueber die Bedeutung der S. indischen Kreideformation, etc : Jahrb. k. k. geol.

Reichsanstalt, Wien, XL1V, 1894. Pt. 3, p. 461; translated in Rec. Geol. Sur. Ind., XXVIII

•S95> P- 4<. (The translation of some passages is not quite correct.)

» Dr. H. Warth: The Cretaceous formation of Pondicherry : Rec- Geol. Surv. Ind., XXVIII,

1895, pp. 15-31.

B 3
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with the Valudayur stage of Blanford, the three upper comprise the bed which

Blanford and Stoliczka considered as the equivalent of the Ariyalur stage. But

as, according to the results of the present researches, the Valudayur beds also come

within the range of the Ariyalur stage, the recognizable divisions of the cretaceous

in the Fondicherri district can only be designated as substages.

I apply to them the following designations l :—

C.—Nerinea Beds= Horizon F of Warth.

B.—Trigonoarca Beds= Horizons D and E of Warth.

A.—Valudayur beds, of Blanford (Anisoceras beds) = Horizons B and C of

Warth.

/. Valudayur {Anisoceras) beds ; Horizons B and C of Warth.

These beds have yielded the most numerous and best preserved fossils, among

them a great number and variety of ammonite forms, and not only for this reason,

but also on account of the still undecided question of age they were the most in.

teresting division of the Pondicherri cretaceous.

The characteristic rock of the Valudayur beds (horizon C) is a very hard, fine

grained, calcareous shell-sandstone of bluish or brownish colour, which bears

much resemblance to the lumachelle of Garudamangalam (" Trichinopoly mar

ble"). This rock does not form a continuous band, but only occurs in concre

tionary masses which are embedded in loose sands.

The fossils, mostly small gastropods and bivalves, are so abundant in the rock

that one can often make out more than a dozen different species in a hand specimen.

Their state of preservation is, as a rule, excellent, the fossils are almost throughout

provided with the shell ; the ammonites generally show the pearly layer, and in the

other molluscan shells there are very often remains of the original colour.

It is natural that this in every respect remarkable horizon should be almost ex

hausted by the different collectors, so that of the splendid ammonites which formed

the chief ornament of the Forbes collection almost nothing now remains— even

Blanford found the formerly numerous species represented by only a few speci

mens. It was therefore of great importance to me that this deficiency in the

new collections was made good by a comparison with the collection described by

Forbes.

The species most frequently occurring in the fauna of the Valudayur beds,

and found in almost every large rock fragment are the following : Anisoceras,

sp. pl„ Baculites vagina, Forb., Rostellaria palliata, Forb., Turritella pondichcr-

rensis, Forb., Denlalium arcotinum, Forb., Trochus arcotensis, Forb., Solariella

radiatula, Forb., Pholadomya luccrna, Forb., Pharella delicatula, Stol., etc.

The ammonite fauna of the Valudayur beds is characterized by a variety and

abundance of species of Phylloceratida and Lyfaceratidce otherwise rarely to be

met with, as among 34 species 20 belong to these two groups. Of Lyfaceras

1 F. Kossmat: Unteisiichungen uher die Sudindische Kreideformation : Beitrajje zur Geologic

und Palasontoogii- Ccstcrr. Ungarns und des Orients, IX, Heft iii, iv, Wien, 1895, p 102 (6).
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itself 3 subgenera are represented, whilst among the aberrant forms of this family

Anisoceras and Baculites predominate and occur in great abundance. The other

ammonite groups are—with the exception of Pachydtscus—represented only by

one or two species each. (Compare the general list of fossils.)

Much less remarkable, faunistically as well as petrographically, is the lower

part of the Valudayur beds (Warth's Horizon B), which consists of yellowish sands

and light coloured, fossil-bearing concretions. All the fossils collected by Dr.

Warth in this, as it would seem formerly unknown horizon, are identical with

species of the typical Valudayur beds (horizon C), and the horizons B and C

may therefore unhesitatingly be- put together as a single paloeontological zone.

As the horizon of the Valudayur beds is easily recognized by its petrographical

characters, I made the attempt when investigating the Forbes collection to collate

the fossils belonging to those beds. It was thus seen that the species considered

by Stoliczka as characteristic of the Utatiir stage appear associated with typical

fossils of the Ariyaliir stage, and I think it is not superfluous to enumerate here

some examples of the association of Valudayur species in the Forbes collection.

I found the following species associated together in one and the same rock

specimen :

(1) Puzosia rembda, Forb. (large example), with Amsoceras indicum, Forb.

(2) Rosleilaria palliala, Forb. (A), Pugnellus uncaius, Forb. (A), and

Puzosia rembda, Forb. (small example), with Baculites vagina, Forb.

(A).

(3) Anisoccras largesulcatum, Forb., with B. vagina, Forb. (A).

(4) Pachydiscus crishna, Forb., with B. vagina , Forb.

(5) Ficulopsis pondicherrensis, Forb. (A), with B. vagina, Forb.

(6) Phylloceras surya, Forb., with Ptychoceras sipho, Forb.

(7) Ammonites (n.g.) brahma, Forb. (A), with Ptychoceras sipho, Forb.

(8) Lytoceras indra, Forb., with Ctrithium scalarioideum, Forb. (A).

(9) L. tndra, Forb., with Anisoceras subcompressum, Forb., and Roslei

laria palliala, Forb. (A).

(10) Anisoceras indicum, Forb., with Stigmatopygus elatus, Forb. (A).

[The species marked (A) are found in the typical Ariyalur stage of Trichinopoli.]

The matrix is invariably the same ; that is, a hard, bluish shell-sandstone, which

is filled with the characteristic small molluscan shells of the Valudayur beds. All

the ammonites of the Forbes collection and a great number of gastropods and

bivalves occur in this horizon. (Compare the general list of fossils.) Also most

of the Pondicherri species described by Stoliczka occur, according to his notes on

their matrix (bluish or brownish calcareous sandstone), in the same beds. He

was however somewhat uncertain as to their horizon. Whilst, it is true, the

ammonites are marked "Valudayur Group," the gastropods and bivalves of

Ariyalur type, occurring in the same matrix, are mostly attributed to the Ariyaliir,

rarely to the Valudayur, stage, a circumstance which emphasizes Stoliczka's doubts

as to the stratigraphical position of the Valudayur beds.

In the following special list of the fossils represented in Warth's collection, I

could not indicate the localities one beside the other on account of their great
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number (13). I have therefore arranged them in four columns (Raulankupam,

Tutipet, Vanur, Pulichapalaiam), and marked them with Greek letters as follows.

Fossils of the Valudayur {Anisoceras) beds. Coll. Warth.

I a = Rautankupam . . • Horizon C

Raulankupam

Tuliptt

!i = t mi'e NW of Rautankupam »> c

7 = \ mile NW of
II »• »> c

I = 1 mile NW of
M »» * >» c

\i = | mile NNE of ,. »l n C

fa m 1 mile NNW of Tutipet • ii
e

0 = a mile NW of ») • « »» c

y „ NNW of

2 = i mile N of

>»
c

c
»» • »

t -> 1 mile N of >» • » »»
c

{= N of »> • • j» (J

Horizon C.
Horizon B.

Fossils.

Rautan

kupam.
Tutipet.

1 mile SE

of Vanur.

1 mile SSE

of Pulicha

palaiam.

Lytoceras (Gaudryceras) kayei, F. ...
£

Lytoc. (Pseudophyllites) tndra, F.
3V ...

Anisoceras indicum,¥. . . .
<», y. J

„ subcompressum, F. . ... a,*

„ tenuisulcalum, F. . . ... a, 2

„ undulatum, F. » . ...
a

Ptychoceras sipho, F. .. a

Baculites teres, F. . . . . f S

„ vagina, F. . . . y
o» y> 1, « X

„ vagina, var olacodensis, Stol. a ...

Pachydiscus egertoni, F. , ... a

„ ganesa, F. ... £

„ cf. gollevillensis, Orb. . ... S

Desmoceras diphylloide, F. /3 ...

Pugnellus uncutus, F. . . . c >,i

Roslellaria pallia/a, F. . . . 0 M,t

Athleta purpurtformis, F. 0" a, (3, «

Vcluiilithes radula, F. . . . 0 2

„ muricata, F. . ... i

Lyria granulosa, Stol. . . ... i

Gosavia indica, Stol. . . . c i

Jurritella pondicherrensis , F. a a, /3, y, *.

„ war/hi, Koss. . «,&i
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Horizon C. Horizon B.

Fossils.

^ —
""^ -

Nerita divaricata, Orb. .

Rautan-

kupam.
Tutipet.

1 mile SE

of Vanur.

1 mile SSE

of Pulicha-

palaiam.

7

Euspira pagoda, F. ,
1

y.«

„ rotundata, ? Stol. ... V

Trochus arcotensts, F. . .
... a. ft y, i

Solariella radialuta, F. ... a> 0, 7> 2

Teinostoma cretaceum, Orb. 3

Ringicula labiosa, F. .
a

Trochactmon curculio, F. , ... a

Bullina trctacea, Orb. ••• Of 7, I

■> sp. . . . S

Dentalium. arcotinum, F.
«, « a, (3, y, &

„ crassulum, Stol. - a

Corlulu parsura, Stol.
#•• i

„ cf. strialuloiiLs, F.
y

Nemra mulua, Stol. . ... y
... X

Corimya pertusa, Stol, . , • ■« a

Ceromya subsinuala, F. . c

Pholadomya lucerna, Stol. , • ■• «» y, 8 ••• X

Panopaa orientalis, Stol. 0 • •• ... X

Sibqua limata, Stol, . ••• 7,3

Phardli dtlicatula, Stol.* • •• «i Y, *
«.. X

Tellina pondicherrensis, F. • •■ 2

„ /orbesiana, Koss. • •• «,/3

Baroda elieila, Stol. a • ■• ... X

Cardium cf, pulla/um, Stol. ••• y

Prolocardium bisecium, F. a a

Lucina fallax, F, . ■•• . &

Yoldia striatula, F. . ■ ••
y

^*i«ea subauriculata, Orb. ... &z

Matrodon yapeticum, F. , ... a

Trigonoarta galdrina, Orb. ... a, 2^

„ abrupia, F. . 7

Modioli polygona,Y. a a

* A fine specimen found three quarters of a mile SE of Wottai, together with Turritella cf.

pondicherremis, Forb., Horizon C.
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Horizon C. Horizon B.

Fossils.

' -

Rautan-

kupam.
Tutipet.

I mile SE

of Vanur.

l mile SSE

of Pulicha-

Modiola flagellifera. F.
y.i

palaiam.

Pinna arala, F. • ■ . i

Exogyra ostracina, Lam.
0 a

Alectryonia ungulata, Schl. .
l.fl * X

Anomia sp. . a

Lunulitcs sp. ....
a

Sttgmatopygus elatus, Forb. .
y

Serpula filii ortnis, Sow . 3

2. Trigonoarca beds {horizons D and E of Warth, Arrialoor Group of

BIanford, in part).

The Trigonoarca beds, which I have thus named on account of the abundance of

Trigonoarca galdrina, Orb., are easily distinguished from the underlying Aniso-

ceras beds by their petrograpliical structure.

They consist in their lower parts (horizon D) of very soft, friable sand and clay,

of yellowish white colour, which preserve the fossils for the most part in the shape

of casts. Ammonites are very rare, and many of the small gastropod and bivalve

types which characterize the Valudayur beds have disappeared, probably because

the rock is not favourable for their preservation. On the other hand Nautilus is

found pretty often, whilst among the bivalves certain genera, especially Ostrea

{Exogyra, Alectryonia) and Trigonoarca, appear in great numbers. The infilling of

the fossils is very often a dark brown to black phosphate of lime, which is fre

quently also imbedded in the light coloured sand in the shape of irregular

concretions.

Shark's teeth are not unfrequently met with in this horizon.

The upper Trigonoarca beds (horizon E), which, for example, are well deve

loped in the neighbourhood of Rayapudupakam, likewise contain numerous phos-

phatic concretions in a fairly soft sandy clay matrix, which can scarcely be

distinguished from that of the Ariyalur beds near Otacod. In some places con

cretionary layers of hard, fine grained sandstone are met with in the horizon E,

containing numerous, well preserved bivalves (.Trigonoarca galdrina, Orb.) and

sometimes show sections of corals (Cyclolites filamentosa, Forb.).

The distinction between Warth's horizons D and E is often rather difficult on

account of the similarity of the structure of the rock composing them. Further,

one finds in comparing the faunas of the D and E localities, that all the more

abundant and remarkable species are common to both, and that on the whole only

three of the rarer species of gastropods of the horizon E have not yet been recog-

nizedin the lower beds of Pondicherri.

v
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I am therefore quite justified in regarding the two horizons 0 and E as a

stratigraphical unit. Nevertheless I have made use in the following list of all the

localities indicated by H. Warth, so that the opportunity is offered to every one

to compare the faunas of each locality and to become convinced of their

concordance.

The following species belong to the more abundant fossils of the Trigonoarca

beds : Turritella breantiana, d'Orb., Nerita divaricata, d'Orb., Cyprcea sp. pi.,

Rostellaria palliata, Forb., Macrodon japeticum, Forb., Trigonoarca galdrina,

d'Orb., Exogyra ostracina, Lam., Alectryonta ungulata, Schloth. Specimens of

silicified wood, which had evidently floated from the neighbouring land, are also

not uncommon.

The Trigonoarca beds are also represented in the Forbes collection by remark

able fossils, which are all imbedded in a light yellowish, soft, sandy matrix.

Among them are to be found, for example, Turritella breantiana, d'Orb., Cypraa

kayei, Forb., C. cunliffei, Forb , C. newboldi, Forb., Euspira pagoda, Forb., Spon-

dylus calcaralus, Forb., and some other species.

Blanford collected several fossils in the Trigonoarca beds, especially in

the neighbourhood of Rayapudupakam and Saidarampet. The ammonite

Lytoceras (Pseudophyllites) indra, Forb., formerly known only from the Valuda-

yur beds, is of special importance among the fossils collected by him at Rayapudu

pakam. Stoliczka doubted the correctness of this locality, and gave to the

specimen figured on pi. LVIII, figure 2, only the locality indicated " Pondicherry."

I bad the opportunity of examining this specimen and found that not only the

soft, yellowish, sandy matrix, but also a Turritella breantiana, d'Orb. (not known

in the Valudayur beds), atlached to it shows the correctness of Blanford's locality.

The number of species which Stoliczka described from the Trigonoarca beds

(mostly with the observations "soft, whitish sandstone," Ariyaldr beds) is not very

large ; the greater number of them are also represented in Warth's collection.

Fossils of the Trigonoarca beds. Coll. Warth.

Rautankupam

Tuttpet

Karasur .

Rayapudupakam

Saidarampet

a= i mile W of Rautankupam . Horizon D

0= } mile WNW of • „ D?

y= 1 mile NNE of „ • „ E?

0= i mile WSVV of Tutipet . • ,, D

/3= J mile WSW of • »» D

y= W Slope of Tutipet ridge • 1, D?

a— Karasur .
i, D

(3= J mile NNW of Karasur

y= | mile NNW of

D,,

E

!= i mile N of

• »>

D

*= \ mile N of „

» „

D

(= Karasur ? > »!

»,

E?

a= Rayapudupakam tank . » E

&= W. of Rayapudupakam . -.
I) E

u— 1 Saidarampet . • .
If

E?

,3= 1 mile N of Saidarampet , ,, E

y= 1 mile NW of „ E?

i= i mile WNW of

,,

E?

ia Saidarampet? „ » 1,

M

E?

i

1
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i mile N

Rautan

kupam
Tutipet

Raya- Sai-
of Wat-

Karasui . pudu-

pakam

daram-

pet.

tampa-

laiam

(Horiz.

Oiodus sp. pi. a t

E.)

Am. («. g.) brahma, F. . • ... • *■
(

Pachydiscus gollevillensis, Orb. • a

Baculiies vagina, Y. . . a *•• 0 1

Nautilus n. sp. (chmentinus, Blanf.) ••• ••• & 0
Nautilus sublcevigatus. Orb. var. ... ••• (

Belemnites fibula, F. . . , 0

Pugnellus uncatus, F. . . a

Rostellaria palliata, F. . . . a a ... a

Cypraa kayei, F. . . . , ... ••• a

„ cunliffei, F. . a

,, newioldi, F. ,
■•# I a a a

Gosavia indica, Stol. . . .
••■ »

Volutilithes murieala, F. . . a

„ radula, F. . . . c

Murex fiuctuosus, F. . a

Trichotropis sp. , . . .
••• a

Cerithium karasurense, Koss. .
... a

Turritella breantiana, Orb. . .
• •• a ■•• ■

„ cf. pondicherrensis, F. . ... ••• a a

.Sira/a cf. turbinata, F. . • •• a

Euspira pagoda, F. . . a ... ••• >

Nerita divaricata, Orb. . •*• ••• /3
f

Euptychd larvala, Stol. . ••• a

Ceromya subsinuala, F. .
j3

Pholadomya lucerna, F. . ,

••• ••• a

Panopxa orientalis, F. , .

»./3 a

... • •■ a

Cyprina cristata, Stol.
a

Hippagus asmilianus, Stol.
a

Macrodon japeticum, F. . . a
*,0,y «,y ••» e

Trigonoarca galdrina, F.
a =,/3 Ay a a, j3

„ abrupta, F.

Nucula sp.?

••• ■* * a

Prolocardium biseclum.F.

... <3

/3

Spondylus calcaratus, F.

... ... • ••

a

„ ariyalurensis, Stol.
j.. a

■

X
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imileN

Raya-

pudu-

Sai-
of Wat-

Rautan-

kupam*
Tutipet. Karasur. daram-

tampa-

pakam. pet.
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Spondylus lamellosus, Koss. . _ . a a • •• ... f X

Plicatula septemcostala, F. . . ■•• a

Exogyra ostracina, Lam. . a, 3, y ... P a,/3. t X

Ostrea sp. a, 0

Alectryonia ungulate, Schl. a a y a, /3 0. y. «

Terebratula arabilis,Y. . . . a a

„ biplicata, Sow. . a

Hemiaster pullus, Sto\. . . . a

„ /amuh'cus, Koss. . a

Cycloli/es filamentosa (?) F. ... /3

Fossil wood .... ... a c ... 7,«

 

*3

 

j. Nerinea beds {Horizon F of Warth, Arrialoor group of

Blanford, in part.)

The Trigonoarca beds are overlaid by a yellowish, very calcareous, coarse

grained sandstone, which contains here and there limestone nodules, and forms

the only continuous hard bed in the Pondicherri cretaceous. Blanford and

Warth mention peculiar cylindrical bodies occurring in it. The fauna of this bed

is distinguished, according to the species which I have before me, principally

by the presence of large specimens of Nerinea, Nautilus, and vast numbers

of Foraminifera (especially Orbifoides), filling the hard matrix of the greater fossils.

Some species (corals, Teredo, Ostrea) occur in the loose sands which, accord

ing to Warth's communication, overlie the hard, calcareous stratum.

The horizon, called here Nerinea beds, was already known to Mr. H. F.

Blanford (although no Nerinea seems to have been found by him), but he united

it with some other fossiliferous beds (called in this paper Trigonoarca beds) as one

division, which he identified with the Ariyaldr stage. The establishment of the

Nerinea beds as a separate horizon is practically the only difference between

Blanford's scheme of the Pondicherri cretaceous and that adopted in this paper.

Nautilus danieus, Schloth., N. serpentinus, Blanford, and N. sphcericus, which

were described by Blanford from Rayapudukapam and Saidarampet, may with

certainty be ascribed to the Nerinea beds, occurring in these localities above the

Trigonoarca beds, the more so as from Saidarampet, from Warth's horizon F, the

two latter species are actually lying befote me.

This uppermost fossil-bearing horizoW is very little ■represented in Forbes's

collections ; to it belong probably Nautilus sphcerious, P., Caryophyllia

arcotensis, F., and the peculiar Nautilus (Aluria) Jriphinus, F., Which is not to

be found in the more recent collection.

.-" -.«

t^i

I



62 Records of the Geological Survey of India. [VOL. XXX.

Fossils of the Nerinea beds. Coll. Warth.

Nautihui serpentinus, Blanford

„ spharicus, Forbes

„ tnmulicus, Koss.

Nerinea sp. . .

Cerithium cf. karasurense, Koss.

Teredo glomerans, Stol.

Ostrea sp. . .

Cyclolites conoidea, Stol.

Turbinolia arcotensis, Forbes

OrbUoides sp. • •

Amphistegina sp ? •

Saidarampct.

Saidarampet, i$ mile SSE of Valudayur ( Usteri

canal), E of Wottai 1

Saidarampet, Kadaperikupam ?

i J mile SSE of Valudayur (Usteri canal).

Saidarampet.

i mile SSE of Valudayur (Usteri canal), \ mile

SW of Tutipet, J mile WSW of Trumbai .

Saidarampet, f mile NW of Trusitambalam.

Saidarampet, \ mile SW of Tutipet.

i mile SSE of Valudayur (Usteri canal), } mile

NW of Trusitambalam.

SSE of Valudayur ; Saidarampet (Usteri

canal).

SSE of Valudayur (Usteri canal).

4. Faunistic affinities between the three divisions of the Pondicherri

cretaceous.

The faunistic isolation of the Valudayur beds, as compared with the upper beds,

is not so great as was formerly assumed, and the above lists of fossils show a

pretty large number of species which extend from Warth's horizon B, to the horizon

E, or, in other words, from the lower Valudayur beds to the upper Trigonoarca

beds. Out of 46 species from the Trigonoarca beds in Warth's collection, 18 are

also known in the Valudayur beds, among them very characteristic examples, as

Am. brahma, Baculites vagina, Pugnellui uncatus, Rostellaria pallia/a,

etc. Am. brahma, which occurs in the shell sandstone of the Valudayur

beds associated with species of Anisoceras and Ptychoceras sipho, was found

in a rock specimen from Saidarampet with a phosphatized cast of Macrodon japeti-

cum and a Turritella breantiana. Lytoceras indra, of which Forbes met with

numerous specimens from the Valudayur beds and which was also found by Warth

in the horizon B, was collected by Blanford in the Trigonoarca beds of Rayapudu-

pakam. The most abundant species of the latter beds, as, for example, Trigono

arca galirina, Macrodon japelicum, Exogyra ostracina, Alectryonia ungulata, are

also not unknown in the lower beds, and the similarity would be still greater, if

small gastropods and bivalves, which are found so abundantly in the Valudayur beds,

were more suitable for preservation in the Trigonoarca beds.

But, in any case the fact of greatest importance is that three of the four

ammonites known in the Trigonoarca beds are identical with species of the

Valudayur beds. The fourth is nearly related to Pachydiscus crishna, Forb., so that

the animal group, upon which the most sharply defined zonal divisions are

generally based, gives here no aid in making a distinction founded upon palseonto-

logical and stratigraphical grounds. The distinction between the two beds above,

named seems on the whole to be traceable to their different facies, and it is there
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fore not very probable that they will be easily recognized outside the Pondicherri

district.

The fauna of the Nerinea beds, which certainly up to the present time is very

little known, seems to have a much more independent position.

3. Relations between the Cretaceous Deposits of the

Pondicherri and Trichinopoli Districts.

* i

/. Relations to the Utatur stage {Lower division of the cretaceous

of Trichinopoli).

Stoliczka tried to show that the ammonite fauna of Pondicherri did not

indicate neocomian, but was much more nearly related to that of the Utatur

stage, and even had a number of species in common with it. The Valudayur

beds were on that account looked upon as their equivalent division, that is to say,

as cenomanian. It is therefore necessary to examine the species, on which this

determination of the age, corresponding so little with the otherwise intimate con

nection of the Ariyalur and Valudayur beds, was based. Such a comparison be

tween the formerly identified species of the Utattir and Valudayur beds can only

be very briefly indicated in the following statement ; for details I must point to

the revision of the cretaceous fauna of Southern India, of which the first part has

already appeared.1 :—

A.—Valudayur beds.

Phylloceras nera, Forb.

Phylloceras forbesianum,

d'Orb.

B.—Utatur stage.

Phylloceras velleda, Mich., with which Stoliczka

(Records, I., p. 34) identified the Phyll. nera, pos

sesses more inflated sides, less complicated sutures,

and shows no constrictions in the umbilical region

(cf. Kossmat : Untersuchungen iiber die s. ind.

Kreide, p. 109).

With Phyll. forbesianum, Orb. ( = rouyanum,

Forb., non d'Orb.) was identified a form from the

Utatur stage by Stoliczka, and with some reservation

by myself (cf. Kossmat: loc. cit., pp. in, 158).

Nevertheless there are some differences which appear

to be of specific importance. The Utatdr examples

are more strongly inflated and do not show the

funnel-shaped depression around the umbilicus so

distinctly ; the saddles of the sutural line are more

prominent than in the Pondicherri species, and the

siphonal lobe is simply lancet-shaped, whilst it is

greatly indented in Phyll.forbesianum. My attention

was drawn to these differences only when Mr. J. F.

Whiteaves had sent me from the Nanaimo stage of

\V»agen, IX, Heft iii, iv, Wien, 1895.

»

I

!■
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the Georgia Straits, British Columbia, a Phylbcerag

which corresponds well with the Valudayur species

but is to be distinguished from the Utatrir species on

account of the characters mentioned of the latter.

Lyloceras (Gaudryceras) Stoliczka's specimen differs in the absence of a

varuna, Forb. distinct umbilical wall, and. in the larger size of the

second lateral saddle (Lyl. odiense, Kossmat, Ioc

cit., p. 129).

Lyl. (Gaudryceras)

Forb.

kayei,

Lyl. (Telragoniles)

Forb.

cala,

Lyl. kayei, Slo\.= Lyt. vertcbratum, Kossm., Ioc.

cit., p. 126) is distinguished by its rapidly increasing

whorls and the completely flattened periphery in the

middle period of growth.

Lyl cala, Stol. {=L.kingianum, Kossm., Ioc., cit.,

p. 136; increases rapidly, is much more involute

than the Pondicherri species and has an oval (not

quadrate) cross section.

= A n. subcompressum, Stol.; from Odiam ; only men

tioned but not figured (Kossmat: Ioc. cit., p. 145).

The examples from Odiam are not flattened on the

sides, and are without constrictions (Kossmat :

Ioc. cit., p. 145).

An. nereis, Stol., is distinguished from the Pondi

cherri species by its cross section and sculpture.

The groove on the peripherj is not structural, as in

the type, but occurs only through the removal of the

siphon, for the ribs run uninterruptedly over the peri

phery in, many places (Kossmat : Ioc. cit., p. 148).

The example from Odiam is distinguished by the

possession of annular swellings and is very probably

not a Baculites, but a fragment of a Hamiles (Ply-

chocerasl) (Kossmat : Ioc. cit., p. 154).

Desmoceras diphylloide, Forb. Stoliczka describes this species from Odiam, but

I have only before me examples, which come from

the white sandstone of the Ariyaldr stage from

Otacod.

Hamiles (Anisoceras). imli-

cum, Forb.

Ham. (Anisoeeras) subcem-

pressutn, Forb. (An

indicum, Stol.)

Hamiles (Anisoeeras) nereis,

Forb.

Baculites teres, Forb.

Putosia rembda, Forb.

(synon. P. durga, Forb.).

Ammonites durga, Stol., from the Utatrir stage

is distinguished by the difference in the form of the

constrictions, by the absence of a keel, and by the

more complicated suture.
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Belemnitesfibula, Forb. B. fibula, Blanford, is quite different from the

Pondicherri species (which does not occur in the

Valudayur beds, but in the Trigonoarca beds) in the

character of its cross-section (cf. the palseonto-

logical part of this paper).
i

Desmoceras jama, Forb. The large, fine ammonites, which were identified

by Stoliczka first with Desmoceras beudanli, d'Orb.,

then with D.jama, cannot be compared with this

small, unornamented form, of which it cannot

be said with certainty, whether it is a typical Des

moceras or a Puzoaia.

Natica muttita, Forb. Vanikoro muni/a, Stol., is quite distinct from the

Pondicherri species. In the latter the flat band is

bordered along the suture by a sharp edge, near which

the sides are slightly concave. Moreover, the, mouth

is considerably widened laterally, as in Gyrodes

tenellus, Stol.

Tellina poniicherrensis, Forb. Baroda pondicherrensis, Stol., is distinguished by

the presence of radiating striae and! by the stronger

concentric sculpture.

Protoiardium bisectum, Forb.

Trigonoarca gamana, Forb.

The example figured by Stoliczka from Mongle-

pady appears to be identical with the Pondicherri

species, but it is to be observed that the P. bisectum

reaches to the upper Trigonoarca beds, that is beds

which undoubtedly belong to the Ariyalur stage.

Stoliczka's example from the Utatur stige is very

contracted anteriorly, whilst in Forbes's original

specimen the lower margin is parallel with the hinge

line.

it

There are other species besides, which are said to occur in both the Ariyaldr

and Utatur stages of the Trichinopoli district; for example, Lucina faUax,

Forb., Solariella radiitula, Forb., Lcptomaria tndica, Forb. (the identity of the

specimens from the Ariyaldr stage with those from Pondicherri is only certain in

the case of the two last named species). One Pondicherri species, Axinea

cardioides, d'Orb., is mentioned as occurring in the upper Trichinopoli beds of

Serdamangalam, as well as in the Utatdr stage. The ammonites are in the first

place the chief factors in the solution of the question, and it has been shown in

the revision, the results of which I have briefly mentioned above, that of the twelve

formerly identified species, ten are certainly different, one cannot be taken into

account, as it has not been figured and the other comes only from the Ariyalur, not

from the Utatur stage.
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But what is of greater weight than all this, is a circumstance of quite another

kind, namely, the complete absence of all characteristic Utatdr species and genera

in Pondicherri. Although the ammonite fauna of the Valudayur beds was so extra

ordinarily rich, not a single Acanthoceras, nor Schloenbachia, nor Turrilites, nor

Hamites of the group of H. armatus, Sow., nor Puzosia of the group of P.

planulata, Sow., etc., were found in it—all groups predominating in the Utatdr.

What we find in Pondicherri, besides Phylloceras and Lytoctras, are chiefly

\ species of Pachydiscus and other ammonite types of the uppermost cretaceous.

2. Relations to the Trichinopoli stage.

The ammonite fauna of the Valudayur beds is quite different from that of the

Trichinopoli stage ; but on the other hand, many nearly related, or even some

identical species are found among the gastropods and bivalves. But as a study

of the list of fossils shows, these are almost throughout such forms as extend

upwards unchanged into the Ariyaliir stage in the Trichinopoli district. On the

whole the boundary between the two groups is somewhat uncertain, and still

requires some corrections. Typical species of the Trichinopoli group are entirely

= absent in the Pondicherri fauna, and this circumstance is so much the more im

portant as, in consequence of the great similarity in the facies of the lower Trichino

poli stage aiid that of the Valudayur beds, the fauna is for the greater part

composed of the same genera. Among the beautiful molluscs of the bluish

lumachelle (shell-sandstone) of Garudamangalam the genera Pugnellus, Sola-

riella, Trochus, Turritella, Euspira, Dentalium, Bullia, etc., play the same r81e

as in the Valudayur beds, and even the species belonging to these genera resemble

each other. In spite of this, cases of true identity are very rare.

3.—Comparison between the Cretaceous beds of Pondicherri

and the ariyalur stage. (upper division of the trichinopoli

cretaceous.)

/. Valudayur (Anisoceras) Beds.

Four characteristic species of the Ariyaliir stage are found in the ammonite

fauna of this division, namely, Pachydiscus egertoni, Amm. («. g.) brahma, Des-

moceras diphylloide, Baculites vagina, var. utacodensis / in other respects also the

two groups are conspicuous by the presence of certain types of ammonites as, for

instance, certain Pachydiscus forms, and by the absence of others, which are

very important in the Utatdr and Trichinopoli stages. The ammonite fauna of the

Ariyaliir beds is, it is true, not very varied, and therefore does not offer many

points of comparison.

The rich gastropod and bivalve fauna is, as the general list shows, almost per

fectly identical with that of the Ariyaliir stage, for which reason Stoliczka began to

doubt the accuracy of his earlier conception based on the ammonites. Two

localities, Parcheri and Kalligadi, which lie on the boundary line between the

Trichinopoli and Ariyaliir stages and were first ascribed to the former, show

such a striking similarity of their fauna to that of the Valudayur beds, that they

may be completely identified with them. In Parcheri Necera mulua, Stol.,
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Pholodomya "uctrna, Forb., Siliqua lima/a, Slol., Pharella delkatula, Stol., and

Pugnellus uncatus, Forb., occur, besides a few other species. Still greater is the

analogy in Kalligadi, which also seems to have in the facies of its fossils great

resemblance to the Valudayur beds (Stoliczka, Cret. S. India, Vol. II., p. 96), and

as well as these must belong to the Ariyaldr stage.

Warth's horizon B., the base of the Valudayur beds, already contains a true

Ariyalur fauna, and affords a strong proof of the accuracy of the decision come to

as to age of the beds.

2. Trigonoarca beds.

The great similarity between the Ariyaldr stage and the Pondicherri beds is

quite as distinctly recognizable in this division, whose gastropod and bivalve fauna

is almost completely identical with that of the former. This similarity is the more re

markable, as the argillaceous sands which characterize the higher Ariyaldr beds

also predominate in the Trigonoarca beds. The similarity is so great that specimens

from Ariyaldr, etc., can often not be distinguished by their matrix from examples

from Pondicherri. In the Trichinopoli district peculiar argillaceous beds occur,

full of numerous sharp casts of bivalves, which, according to Blanford (Mem.

Geol. Surv. India, IV, p. 135), constitute a peculiar feature of the Ariyaldr

stage. According to the description, there is no doubt that these argillaceous

sands are the same as those occurring in the Trigonoarca beds of Rautankupam

and Tutipet, where they contain numerous- casts of Trigonoarca galdrina. The

soft yellowish white sands of Otacod, which alternate with these argillaceous sands

are again indistinguishable from the sands occurring in the localities of the Pondi

cherri district mentioned above, where they are also in close relationship with the

argillaceous beds. This striking similarity of the facies and fauna could not.

escape the attention of Blanford and Stoliczka, and therefore we find this horizon-

always given as the equivalent of the Ariyaldr stage. It is a pity that the latter

could not be so distinctly subdivided in the Trichinopoli district as the corre

sponding beds in Pondicherri, bat it seems that there also the localities corre

sponding in their fauna to the Valudayur beds occur somewhat lower in the series

than the others ; that, for example, the beds of the localities Parcheri, Kalligadi,

Karapadi, lying at the base of the Ariyaldr stage, agree best with the Valudayur

beds, whilst the stratigraphically higher localities Ariyalur and Otacod are to

be correlated with the Trigonoarca beds by their facies and in their fauna. But

as the faunas of these two horizons in the Pondicherri district evidently blend into

one another, so also is this the case in the Trichinopoli district. Ammonites brah-

ma, Baculites vagina, var otacodensis, and numerous gastropods and bivalves of

the Valudayur beds occur also in the higher beds of the Ariyaldr stage immedir

ately under the massive sandstone complex of the middle zone (Blanford, p. 138)

which has yielded no fossils except some reptilian bones.

3 Nerinea beds.

Ammonites are absent in this division but, besides large examples of Nerinea-,

some species of Nautilus occur, among the latter a very interesting European

form, Nauiilw: danicus, Schloth. Foraminifera, especially Orbiloides, appear in
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vast numbers and fill the matrix of the larger fossils. Thus the analogy with the

beds near Niniyur (Trichinopoli district), where N. danicus and Orbitoides are

found, and ammonites are absent, is apparent.

In the Trichinopoli district, as H. F. Blanford pointed out, the Niniyur beds

are distinctly separated from the fossiliferous strata near Ariyaliir by the massive

sandstones mentioned above. Almost all fossils are peculiar to them and com

pletely different from those of the typical Ariyaldr beds, a difference which fs so

apparent that it had already been observed by Mr. H. F. Blanford before the fauna

had been studied in detail and looked upon as a matter of great importance. From

the absence of ammonites and the occurrence of Nautilus danicus he concluded that

the Niniyur beds represent the topmost division (danian) of the cretaceous system,

a view which has proved to be the correct one. But as he did not formally

make these beds a separate division, the Niniyur fossils have been dealt

with in Stoliczka's Memoir simply as Ariyaliir fossi Is, so that the significance

of this horizon has become less striking. H. Leveill6, who did not study

these beds in the field, proposed, therefore, to give them the name Niniyur staged

A point of great importance, which urgently needs explanation, is the appearance

of large specimens of Nerinea in the beds of Niniyur fcf. Stol. II., p. 306, 301,

227, 221), which Blanford and Stoliczka have repeatedly drawn attention to, and

these specimens are named in some places Ncrinea blanfordiana. But in the de

scription of this species only Maravattur and Paruli (Utatur group) are mentioned

as localities, whilst not a single Nerinea from Niniyur has been described. It

seems as if there were some mistake here, the more so, as in different places ex

amples of Cypraa in Niniyur have been expressly mentioned, but these also do

not appear in the description of the species of this family. But if even the exam

ples of Nerinea from Niniyur could be proved to be identical with those of the

Nerinea beds, it would not be advisable to consider the two horizons as equivalent

without further investigation. In the Trichinopoli district the Niniyur beds are

separated from the true Ariyaldr beds by the abovementioned thick unfossiliferous

formation, whilst in Pondicherri the Nerinea beds lie immediately above the equi.

valent of the typical Ariyaliir beds. For this reason it is quite possible that they

correspond to the unfossiliferous division. The fact that species occur, which are

also known in the lower beds (for instance, Nautilus spharicus, Teredo glomerans)

speaks in favour of this view, according to which the Nerinea beds would lie on the

stratigraphical boundary between the Niniyur and Ariyaldr beds*

4. Conclusions.

From what has been said above it follows that the whole of the cretaceous series

of Pondicherri falls completely within the Ariyaliir stage of Blanford, and that

with great probability it begins with the same horizon as the latter (beds of

1 //. LeveilU : Geologic de 1'lnde Francaise. Bull. Soc. Geol. He France. 3111c Serie, XVIII, 1889,

p. 144 ff. ; cf W. T. Blanford : On the papers of Dr. Kossmat and Dr. Kurtz, and on the ancient

geography of Gondwanaland. Rec. Geol. Surv Ind., XXIX, 1896, p. 51, referring to a passage in

my paper, Jahrb. k.k. geol. Reichs Anstalt, 1894, where, when speaking shortly on the divisions of

the Trichinopoli cretaceous, I only quoted the paper of Leveille! in connection with the Niniyur beds.
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Parcheri, Kalligadi, etc.). From this results the interesting fact of a true overlap

of the Ariyaltir stage, for which also many other proofs are forthcoming.1

Even in the Trichinopoli district the Ariyalur stage overlaps the older strata

and lies, for example in Olapadi, immediately upon the Utatur group, and for a

considerable extent even on the crystalline rocks. In the northern part of the

Trichinopoli district the cretaceous disappears under the alluvium of the Vellar

river ; reappears in the Viruddh£challam area—there also the Ariyaltir stage only is

present—is then again invisible, to reappear finally in the Pondicherri district once

more in rich development.

This overlap of the Ariyalur stage is of considerable interest, for it is repeated

in areas far distant from India and seems to be of great importance in the Pacific

area. It will probably be found in the highlands of Assam (N. E. Bengal), but I

will not treat of this area whose cretaceous fauna, according to Stoliczka's opinion*

bears a very great resemblance to that of Pondicherri, as the fossils belonging to

it will be open to a more minute research in the near future.

III.—The Age of the Pondicherri Beds.

On account of the recognized similarity of the Pondicherri deposits to the

Ariyalur stage, the determination of the age of the former, that is, the comparison

with the European cretaceous deposits is proportionally an easy task, in the fulfil

ment of which the numerous ammonites are of special use. Of the latter very many

are found, in the Valudayur beds, which are nearly related to species of the

European senonian, while two species appear to agree exactly with such. These are :

Pachydiscus egertoni, Forb., and Lyloccras (Gaudryceras) kayei, Forb., from which

two species known in the upper senonian, Pachydiscus neubergicus, Hauer,

and Lytoceras planorbiforme, Bdhm, can scarcely be distinguished. As to the

other species, their European representatives are, as the list shows, restricted solely

to the upper senonian and belong partly even to the typical forms, as, for

example, Baculitcs anceps, corresponding to Baculites vagina ; Hamitcs cylindraceus

Defr., which represents the Indian Hamitcs rugatus, Forb.; and Scaphitcs conslriclus.

Sow., to the relationship of which Scaphitcs cunliffei, Forb. belongs. Of great

importance for the determination of the age of the beds are also the following spe

cies, viz., Sphenodiscus siva, Forb. (cf. S. ubaghsi, Gross.), Amm. (n. g.) brahma,

Forb. (cf. A. haugi, Seunes), Puzosia rembda, Forb. (cf. P. fayoli, Gross.)

Pseudophylliles indra, Forb. (cf., Ps. colloti, Gross.), Pachydiscus crishna, Forb.

(from the Group of P. egertoni, or neubergicus), etc. (see the general list).

Among the genera and subgenera in the ammonite fauna of the Valudayur beds

(Phylloceras, Gaudryceras, Tetragonites3 Pseudophylliles, Anisoceras, Ptychoceras,

Baculites, Sphenodiscus, Holcodiscus, Pachydiscus, Haucriceras, Desmoceras

Scaphitcs) not one—with the possible exception of Ptychoceras—\s foreign to

the European senonian, a circumstance which sufficiently proves, that the

1 H. F. Blanford, Cret. of S. Arcot and Trichinopoly Districts: Mem. Geol. Surv., India,

IV, Chap. VIII.

1 F. Stoliczka, in H. B. Medlicott's Geological Sketch of the Shillong Plateau in N.-E. Bengal .-

Mem. Geol. Surv., Ind., VII, pt i, p. 182, ff.

* M. A. de Grossouvre communicated to me that he had met with a specie* related to T*lram

gonitis cala, Forb., in the French senonian.

c a
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apparent anomalies in the cretaceous fauna of Southern India has been dissipated

since the corresponding European deposits have become better known.

The ammonite fauna of the Trigonoarca beds, consisting of four forms, shows

the same relations as the fauna of the Valudayur beds ; it has three species in

common with the latter, the fourth, Pachydiscus gollevillensis, Orb., is a form

recognized as occurring with Pachydiscus neubergicus in Europe.

Of much less importance for the determination of the age of the beds are the

other animal groups, which, however, completely confirm the results attained by

the aid of the ammonite fauna. They have likewise undoubted relationship with

the European senonian. (For example, Exogyra oslracina, Lam., Alectryonia un

gulate, Schloth., Pholadomya lucerna, Forb. (cf. caudal a, Rom.), Modiola flagelli-

fera, Forb. (cf. flagellifera, Zittel), etc.)

As to the Nerinea beds there is much less material at hand for the determina

tion of their age ; but their stratigraphical position, the complete want of ammonites,

and the presence of Nautilus danicus permit of their being correlated, with great

probability, with the European danian.

According to these results the Pondicherri beds may be regarded as the upper

most stages of the cretaceous system : the Valudayur and the Trigonoarca beds

are equivalent to the upper senonian (campanian, mucronata beds), the Neri

nea beds to the zone of Naulilus danicus (danian).

We obtain a confirmation of these conclusions in the investigation of the fauna

of the Trichinopoli district, in which the whole of the upper cretaceous is deve

loped. There also the cephalopod fauna of the Ariyaldr stage, so far as it can be

compared with the European, shows a decided upper senonian character (Pachydis

cus otacodensis, Stol. (cf. colligatus, Binkhorst), P. egertonianus, Forb. (cf. neuber

gicus, Hauer), Baculites vagina, Forb., var. simplex, Koss. (cf. anceps, Lam.)

while in the upper part of the underlying Trichinopoli stage occur character

istic lower senonian species (for example, Schloenbachta (Perontceras) dravidica

Koss. ( cf. tricarinata, Orb.), Placenticeras lamulicum, Blanf. (cf. syrtale,

Morton), and also the turonian and cenomanian (lower Trichinopoli and

Utatdr stages) follow each other in the same order as in Europe. One is

therefore justified in adopting the European divisions of the upper cretaceous

for these deposits, and in going so far as to say that the Ariyaldr beds of the

Trichinopo li and Pondicherri districts are not only to be considered as an

approximate equivalent of the senonian (Stoliczka, Cret. S. India, Vol.IV, p. II.)

but as representing a definite part of it, viz., the upper senonian.

Seunes1 states regarding the distribution of the uppermost stage of£the

Senonian as follows :—" D'apres l'analogie de la faune des Ammonilida, on est

amene a regarder comme sensiblement synchronique des couches a Pachydiscus

jacquoti des Pyre"ndes (Maestrichtien) ; le Dordonien de l'Aquitaine ; le Calcaire

a Baculites du Cotentin ; le Tuffeau de Maastricht a Ammonites et a Hemi-

pneustes ( = partie supeneure des couches a Belemnitella mucronata de la Belgique),

la partie supeneure des couches a Belemnitella mucronata d' Aix-la-Chapelle •'

la Craie de Limbourg ; la craie de Lemberg (Galicie) ; la Craie a Pachydiscus

gollevillensis d'Irlande ; la partie supdrieure des couches i Ammonilida; du groupe

« Contributions i. I'etude des c<Sphalopodes i Mem. de la Soc. Geo!. France. Paleontoloeie

Vol. II., 1891, p. 11. '
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de l'Arrialur de l'Inde anglaise et de Pondicherri." I have quoted this pass

age verbatim, because in it the correlation of the peculiar ammonite faunas ol

the upper campanian, the latest ammonite fauna known up to the present time,

is precisely given, and the position of the Ariyalur stage correctly indicated. But it

may be pointed out with reference to the latter that not only the upper beds of

the ammonite bearing Ariyalur stage of Ariyaldr and Pondicherri, but also the

lower beds, consequently the Valudayur beds, formerly considered as ceno-

manian, belong to this stage. Seunes rightly remarks further, that the similarity

of the Indian and European deposits of this period is still more increased by the

fact that they are in both regions immediately overlaid by the zone of Nautilus

danicus in which ammonites are absent.

IV.—Jndo-Pacific Equivalents of the Ariyalor Stage

in Pondicherri.

Putting aside the cretaceous deposits of Assam, which, according to our present

knowledge, seem to be nearly identical with the Pondicherri deposits, but still

require a more minute study, there are within the area of the Indo-Pacific ocean

the following cretaceous regions, which may be brought into close relationship

with the Ariyaldr stage : Natal, Borneo, Yesso, Vancouver Island (and Calu

fornia), Quiriquina Island (Chili).

In Natal1 the upper Trichinopoli and Ariyalur stages arc represented by numerous

fossils ; to the latter the following species specially point : Puzosia (Hauericeras)

gardeni, Baily, P. {Hauericeras) rembda, Forbes., Lytocerus (Gaudryceras) kayei

Forbes., Anisoceras indicum, Forbes, Pugnellus uncatus, Forbes, Solariella

radiatula, Forbes., Pollia pondicherriensis, Forb., Turritella breantiana, Orb.,

all forms which frequently occur in the Ariyaldr stage of the Pondicherri and

Trichinopoli districts.9 From Madagascar, besides some Ostrece of the senonian

Ariyaldr stage3 (for instance Alectryonia ungulata, Schl.), a Turriliies nearly

related to T. tuberculatus, Bosc, Baculites baculoides, Lam., and an Acanthomas

belonging to the group of A. rotomagense, were recently brought to Europe,

all the latter indicating cenomanian* species.

In Yesso, too, where, it is true, no division of the cretaceous was attempted, the

Ariyaldr stage certainly does not occur isolated, for besides numerous species which

are characteristic of it (for example, Puzosia gardeni, Baily, Pachydiscus ariya-

lurensis, Stol., Pach. sp. pi., Anisoceras largesulcatum, Forbes., etc.,) there is also

recognized a series of forms which are related to, or identical with, those of the

Trichinopoli and Utatdr stages.*

1 C. L. Griesbach, Geology of Natal : Quart. Journ. Geol. Soc. London, XXVII, 1871, p. 60 ff.j

W. H. Baily, Description of some Cretaceous fossils from Southern Africa: ibid., XI, 1855,

P. 454 ff.

' F. Kossmat : Die Bedeutung der sudindischen Kreideformation : Jahrb. V. k. geol. Reichsan-

stalt, Wien, XLIV, 1894, Heft 3, p. 464-65.

» R. B. Newton : Quart. Journ. Geol. Soc. London, XLV, 1889, p. 333.

4 M . Boule, Notes sur les fossiles rapportes de Madagascar, par M. E. Gautier : Bull, du Mustum

d'histoire Naturelle. Paris. 1895. No. 5, p. 4-

» Compare the works upon Yesso, by M.Yokoyama: Palxontographica, XXXVI,. Stuttgart,

1890 j and K. Jimbo : Palseontologische Abhandlungen, Bd. VI, Haft 3, Jena, 1894.

<*■
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In Borneo1 only the Ariyaldr stage (with Nautilus trichinopoliUnsxs, Terebratula

biplicata, Exogyra osiracina, Nerinea, etc.) is known up till now, but an overlap

of it cannot be recognized until the conditions there are better known.

The Ariyaldr overlap has been recently shown in the clearest manner by Stein "

mann in the Island of Quinquina (Chili), which, as regards the occurrence of the

cretaceous deposits, possesses a great resemblance to Vancouver Island. The cre

taceous deposits of these two islands show a particularly interesting faunistic

accordance with Pondicherri.

In southern Vancouver the Nanaimo stage immediately succeeds the folded

paleozoic and crystalline rocks. This stage has typical senonian forms even

in the lowest division (Division A and B, Richardson) : for instance, Puzosia

gardeni, Baily, Pachydiscus newbtrryanus, Meek, Hamites obstrictus, Jimbo. (aff.

rugatus, Forbes.), Baculites occidentalis, Meek. A large number of the species pass

up into the higher horizons, in which Lytoceras indra, Forbes., and Lyloceras aff •

kayei, F. (= jukesii, Whiteaves9) are found ; these are species quite characteristic

of the Valudayur type. I had the opportunity at the British Museum in London of

studying a collection of ammonite species from Vancouver which had not yet been

1^ worked out, and I found among them likewise only forms which pointed to a very

high horizon of the upper chalk : Lytoceras indra, Forb., Pachydiscus otacodensis

Stol.. Pach. newberryanus, Meek, Pachydiscus sp. nov. aff. tweenianus, Stol.,

Schloenbachia sp. nov., Hamites obstrictus, Jimbo, Heteroceras aff. cooperi, Meek,

Baculites occidentalis, Meek, etc. All the specimens are found in greyish

black, tough, somewhat splintery concretions and are mostly beautifully preserved.

The occurrence of the two species Lytoceras indra and Pachydiscus otacodensis

iinVancouver is also of importance in connection with the Indian conditions, for

it increases the similarity between the Ariyaldr stage of Otacod and the

Valudayur beds of Pondicherri. The fauna of the Nanaimo stage of Vancouver

and the adjacent Islands was recently greatly enriched by Whiteaves,3 and

among others a Japanese species of Pachydicus {Pach. haradai, Jimbo) was

recognized. I was enabled through the kindness of Mr. Whiteaves to study some

very interesting new ammonites from the Straits of Georgia, which enhance the

similarity between the Valudayur beds and the Nanaimo stage considerably

and I think myself justified in coming to the conclusion that the Nanaimo

stage (=uppermost Chico beds of California) represents an equivalent of the

Ariyaldr stage in the strict sense of the term.

In the Island of Qujriquina the cretaceous lies likewise in flat layers imme

diately upon the folded and denuded crystalline rocks below. These Quin

quina beds, as Steinmann calls them,* consist chiefly of sandy rocks rich in

glauconite, which contain numerous remains of saurians and marine molluscs,

and are unconfcrmably overlain by a coarse tertiary conglomerate. Among the

molluscs are nine species of ammonites, four of which Steinmann has identified

IK. Martin, Die Fauna der Kreideformation von Martapoera : Sammlungen des geologischen,

Reichsmuseums in Leiden, Bd. IV, 5, 6, 1889.

«j.F. Whiteaves Geol. and Nat. Hist. Surv. of Canada, Mesozoic Fossils, Vol. II. 1879.

3 F. Whiteaves, On some fossils from the Nanaimo group of the Vancouver cretaceous : Trans.

Roy. Soc. Canada, and series, I, Sect, iv, 1895, p. noff.

« G. Steinmann, Das Alter und die Fauna der Quiriquinaschichten in Chili: Neues lahrbuch.
Beilagcband X, Stuttgart 1895. janruucn
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with known species of Valudayur beds, namely, Phylloceras surya, Lytoceras kayei,

L. viruna, Baculites vagina. As far as one can judge from figures, the simi

larity is indeed very great, but I should like to draw attention to one circum

stance of importance. In Pondicherri, as well as in Quiriquina, Baculites vagina

is one of the most common fossils, but the varieties that are found in the two

regions are not the same. The Chilian Baculites vagina is recognizable by the

fact that the swellings of the ribs are a little nearer to the siphonal part of the

shell than in the Indian type, for this reason the section appears to be more oval.

This peculiarity may be constant, as I observed it also in the Chilian Baculites of

this species in the British Museum, but I did not attach much value to it then

as the specimens in question were not adults. Nevertheless the Chilian speci

mens deviate less from the typical form than the American Baculites occidentalis,

Meek, and B. chicoettsis, Gabb, which replace in Vancouver and California the

Baculites vagina.

To the species which remind one of forms from Southern India belong also

Holcodiscus gemmatus, Hupp6, and Pachydiscus quiriquina, Phill, of which the

former is to be compared with H. cemilianus, Stol., the latter with P. otaco-

densis, Stol. Of the Chilian Hamiles, cf. cylindraceus Dfr., mentioned in Stein-

mann's work, there are at the Geological Institute of the University of Vienna

plaster casts which show a perfect similarity of sculpture with the Indian Hamites

ruga/us, Forb. ; unfortunately the sutures are unknown. I am not, therefore, in a

position to identify them. Also a species of gastropod, Pugnellus uncaius, Forb.,

is common to this cretaceous horizon, to Southern India, and to South Africa.

Relationship with the upper chalk of New Zealand (with Plesiosauria, Baculites

unccps, McKay) is indicated, according to Steinmann, but it is still too

incompletely examined to be discussed at present.

It is worth while to emphasize the fact that the character of the cretaceous

deposits in Quiriquina in spite of their great distance from other known cretaceous

regions, answers completely to what one might expect from their position in the

Pacific region, and thus gives good proof of the unity of this great geographical

province of animals.

V.—TH2 700GEOGRAPHICAL CONDITIONS OF THE INDO-PACIFIC REGION.

The distribution of some species of the Indo-Pacific cretaceous province is

extraordinarily wide and, owing to their close connections with the geographical

conditions of that period, very interesting.

Kven the most widely separated deposits of the Indo-Pacific province, namely,

Natal, Vancouver, and Quiriquina show a striking resemblance to each other, and are

connected not only by representative but also by some very distinctly identical

species; I may mention Lvloceras kayei (Natal, Pondicherri, Vancouver (?),

Quiriquina), Lytoceras indra (Natal,1 Pondicherri, Vancouver), Putotia gardeni

(Natal, Ariyaliir, Vancouver). And yet the shortest line of connection between

Pondicherri and Quiriquina amounts to about half the circumference of the globe

and consequently the area of distribution of many forms must have been of vast

extent and the most varied climatic conditions must have prevailed in it.

Pondicherri lies in abcut 12° N. Lat., 8o° E. Long, from Greenwich; the central

1 In a new collection at the British Museum which Mr. G. C. Crick showed to me.
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European localities (with a similar cephalopod fauna) in about 40-500 N.

Lat., on both sides of the meridian of Greenwich ; Vancouver about 49° N. Lat.,

1 2 50 VV. Long, from Greenwich; Natal about 300 S. Lat., 320 E. Long, from Green

wich ; Quiriquina Island about 360 S. Lat., 730 W. Long, from Greenwich. Thus

two of these faunistically allied cretaceous areas belong to the north temperate zone,

two to the south temperate zone, and one to the tropical zone ; their position with

reference to each other is such that they would fall into quite different geo

graphical latitudes even if the poles occupied at that time positions different to their

present ones.

Therefore the distribution of the ammonites depends not so much upon the

climatic as upon the geographical conditions.

In a certain degree the study of the zoogeographical conditions of the modern

oceans gives similar results as regards the wide distribution of Indo-Pacific species

on the one hand, with the great faunistic differences between the east and west

coasts of America on the other (Fischer : Manuel de Conchyliologie, Vol. I, p. 158).

It is true that at the present time the climatic differences seem to be much

^ greater than in the cretaceous epoch, so that the distribution of species towards

the north and south is in consequence rather more narrowly restricted, whilst in

the senonian, for example, the Ariyalur fauna can be well recognized not only

in the tropics, but also in the two temperate zones.

But in this respect there is a great difference between the different animal

groups ; the ammonite fauna has generally a more universal, the gastropod and

bivalve fauna a more local character, but this cannot be established as a rule

without reservation. There are also among the latter classes of animals very

widely distributed species (for example, Exogyra ostracina—Europe, India, Borneo ;

Alectryonia ungula/a—Europe, Madagascar, India; Vola quinquecostala—^AXxo^e,

Syria, Natal, India, Borneo, etc. ; Protocardium hillanum. Sow.—Europe, Africa,

India ; Pugnellus uncaius—Natal, India, Chili, etc.), but these are proportionally more

rare than among the ammonites. Moreover in the latter it is not the species that

have generally such an extremely wide distribution, but a certain, more or less

denned, series of representative forms. Nowhere is this better shown than in the

Valudayur beds, whose ammonite fauna is distinctly related to that of the upper

senonian, and yet has only two species (Pachydiscus egerloni and Lytoceras kayei),

with some probability, in common therewith. One can completely agree with

E. Forbes's view (Fossil Invertebrata from Southern India, p. 169) "that the marine

1 faunas of distant localities, under similar conditions of climate, depth and sea-bot

tom, maintain their relations rather by representation of forms by similar forms,

than by identity of species." The distribution of the ammonites is subject to the

same laws as that of all other marine invertebrates, with the difference that these

animals, according to the special structure of their shells, were capable of a wider

distribution through the ocean currents, etc., and partly also through free locomo

tion. The rule, applying also to the ammonites, that a group of representative

forms (Formengruppe) has a much wider distribution than a single species belong

ing to it (for instance, the group of Baculites anceps, Lam., a wider one than

Baculites anceps itself) proves that these animals during their distribution over the

surface of the ocean were liable to specific variations, and it is thus impossible that
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the transportation of the empty shells1 of a group of ammonites inhabiting a

limited area should be capable of explaining the universal distribution of the fossil

remains belonging to it.

An interesting fact, which has been emphasized by Steinmann,8 is, that some

Pacific types appear in the European senonian, some more rarely {Lytoceras,

Phylloccras, Hamiies), some more frequently (Pachydiscus and Baculites), and he

infers from this that at that period a migration of part of the Pacific fauna into the

Atlantic ocean took place on a large scale. Such a migration appears in fact to

have taken place, and the Indian cretaceous lying between the Atlantic and Pacific

regions is well situated to prove an exchange of the faunas.

But the question whether certain ammonite types came from the Pacific into

the Atlantic or irom the Atlantic into the Pacific, is not always easy to decide.

For instance, certain upper senonian Pachydiscus and Baculites forms occur in

the European as well as in the Indo-Pacific areas in an abundance of rather

similar forms and individuals, and the stratigraphical position which they occupy

(between the beds with Nautilus dankus and the beds of the lower senonian with

Placenticeras and Schloenbachia tricarinata), is completely analogous in both

areas, so that their synchronism may be assumed. For this reason every

method of discovering their habitat fails us. In many groups the probability

is very strong that it is the Pacific ocean [for instance, in certain Lytoceras (Gau-

dryceras) forms, in many Puzosia types {Hauericeras), etc., whilst others originated,

it is tolerably certain, in the Atlantic area (Sphenodiscus, Scaphites, Turrilites,

etc.) ; but the question is still very difficult and can only be answered satisfactorily

in special cases. Prof. Steinmann lays stress upon the fact, that the greater number

of Pacific types in Europe are restricted to the western and north western parts,

whilst they are absent in the southern and eastern, and he is inclined to suppose

that the immigration took place from the Pacific ocean across the Arctic seas

north of Asia or America. I have tried3 to show that an exchange of faunas

between the Atlantic and Pacific oceans took place in the seas south of the

Indo-African continent, and that the immigration of Pacific types into Europe

is clearly demonstrable in this manner. Supposing a circumpolar exchange of

faunas, the most northerly deposits of upper cretaceous in the Pacific ocean ought

to contain the greatest percentage of European forms ; but this is not the case.

The fauna of Vancouver is of purely Pacific type, as is that of Quinquina, without

any European intruders being recognizable in it, whilst such are still of great

importance in the fauna of the cretaceous of Southern India, which agrees with

the view that I have expressed. It becomes more and more evident that the Atlantic

types decrease with tolerable constancy from west to east in the Indo-Pacific

province. This is especially the case in the cenomanian and lower senonian-

The series of forms of Schloenbachia inflata, Sow., has its habitat in the Atlantic

ocean (Central Europe, West Africa, Brazil), and is distinguished there by a great

abundance of species and individuals ; it occurs also in India, where it is likewise

well represented, and sends forth into the Pacific only quite isolated, rare forms.

Similarly the group of Acanthoceras rotomageme, Defr., which has its chief

' J. Walther: Bionomia des Meeres. Jena, 1893. Bd. II., p. 508 ff.

3 G. Steinmann t Das Alter und die Fauna der Quinquina Schichten, p. 30.

* F. Kosmat: Die DedeutunR der Sudindischcn Kreidoformation, p. 466.
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distribution in the Atlantic ocean (Europe, Brazil), was recently discovered in Mada

gascar, along wiih other typical Atlantic cenomanian forms (Turrililes, Baiulita

baculoides), is extremely abundant in India, together with Turritiles and HamiUs, but

is extremely rare in the cenomanian of the true Pacific province t Yesso, California)!

whilst Turrilites are there entirely absent. We therefore find the greatest

similarity with Atlantic cretaceous deposits not in the northern part of the

Pacific, in the vicinity of the Polar sea, but decidedly in its western part, the Indian

ocean. Species of Schloenbachia of the group of Schloenbachia tricarinata,

Placenticeras of the group of PI. syrtalt, which, during the period of the lower

senonian, attained such a great development in the northern part of the Atlantic

I « ocean, on the American as well as on the European side (deposits of this

age are unknown in the southern Atlantic area), came into the Indian seas

(Schloenbachia soutoni, and Schl. stangeri in Natal, Schl. dravidica and Placenlicerat

tamulicum in Trichinopoli), but then disappear. In the Pacific ocean there is

known only a quite isolated Schloenbachia of this group in California, and a very

aberrant Placenticeras in Yesso. Similar conditions also obtain in the upper

senonian. Whilst the similarity to corresponding deposits in Europe is not great, and

recognizable Atlantic types are wanting in the fauna of Vancouver, Yesso and

Quiriquina, we find in the Valudayur beds of Southern India rather a large number

of species which are nearly related to European ones. We meet with, for example,

Sphenodiscus, a genus which is elsewhere only known in the area of the Atlantic

and Mediterranean cretaceous (North America, Europe, North Africa, Baluchistan),

two Scaphitcs related to Sc. constrictus, Sow. (not yet known in the typical Pacific

senonian), etc. That in this way not only did Atlantic species migrate into the

Pacific region, but also Pacific species into the Atlantic, is shown by the occurrence

of typical Pacific forms (Pmosia rembda, Forb., I.ytoceras kayci, Forb., Lyi.

indra, Forb.) in Natal ; and these are just the very species whose related forms

belong to the most important Pacific types in Europe (Puiosia f<iyoli, Gross.,

Lytoeeras planorbiforme, Bohm., L. colloti, Gross.)

Whilst on the one hand the Indian fauna contains a mixture, of Pacific

and Atlantic elements, and whilst the former increase in the cretaceous areas

lying to the eastward, the latter do so to the westward (Madagascar, Natal,

West Africa, etc.), and an exchange of faunas in the way pointed out, that is.

round the Indo-African continent, can certainly be proved, there is as yet no

solid ground for the belief that a circumpolar exchange of the faunas was

effected.

The occurrence of Baculites on the Sosswa, east of the Ural (62-5° N. Lat .),

mentioned by Professor Steinmann, may only indicate that the Central European

cretaceous overlap, which extended far into Russia, penetrated to this latitude ; for

Baculites is very common throughout the upper cretaceous of Europe. But

the discoveries in Greenland l (Niacornat, Ata, Patoot) show in their fauna very

near relationship to the Fort Pierre and Fox Hills Group of the United States and

thus seem to oppose the idea of a migration of Pacific forms through the Polar

seas. Nevertheless the possibility is not excluded that further research in the Polar

regions may furnish evidence that there also during cretaceous times the sea flowed,

1 P. de Loriol, Om fossile Saltvansdyr fra Nord-Gronland : Meddelclser om Gronland. Vol. V.

Kjobnhavn. 1883, Part IV.

I
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and thereby the northern parts of the Atlantic and Pacific oceans were connected

together. But it may be asserted with confidence that an exchange of the faunas

between the two great oceans can only be proved at the present time with perfect

certainty by the deposits of Natal and Southern India, and that the phenomena

recognized there are sufficient to explain the occurrence of Pacific types in

Europe. Moreover it becomes more and more clear that the European faunas of

the upper senonian, which are related to those of the Pacific ocean, are not only

restricted to the northern and north-western parts of Europe but are also found in

central and southern Europe, especially in the vicinity of the Atlantic ocean. The

beds of Pachydiscus neubergicus are known, for instance, from the northern slopes

of the Pyrenees (.Stegsster limestone of Gan, with numerous ammonites, including

also Pacific types), from the south side of the Pyrenees and even from N. Africa

(Tunis).

This brings us to quite a peculiar and unexpected phenomenon. In the same

regions of the Pyrenees, in which senonian ammonites are found, whose related

forms recur in middle Europe and southern India, rich echinoderm faunas are known,

which also, like the rest of the fauna, are for the greater part typically Mediterranean.

This is only to be explained, I believe, by the circumstance that some ammonite

type^, by virtue of their great powers of distribution, penetrated from the open ocean

into the otherwise faunistically very isolated Mediterranean region.

Noetling's palaeontological researches1 have proved that the echinoderm fauna of

theDunghan stage (Sphenodiscus beds) of Baluchistan is very closely related to that

of the Danian of the Pyrenees, and even possesses some species in common with

it, whilst it is quite different from the fauna of the Ariyaldr stage of Southern

India.

This result would be quite in conformity with the fact that the echinoderm

fauna of theBagh beds (Narbada region) is in close connection with the cenomanian

of the Mediterranean area of S. Europe, North Africa and Syria, but is quite

different from that of the Utatur beds which are, however, of the same age ; a the

conclusion come to with reference to the geographical distribution of land and sea

is in both cases therefore the same, namely, that a Mediteranean sea stretched from

Southern Europe eastward far into Asia, without being connected with the Indian

Ocean.8. Unfortunately the proofs deducible from the echinoderm fauna of

Baluchistan are considerably weakened by the fact that in Southern India the

echinoderms occur in the upper senonian Ariyaldr beds, whilst in the overlying

faunistically very sharply separated Niniyur beds (danian) they are up to the pre

sent time wanting ; it is therefore to be expected that on account of the difference

in age the echinoderm fauna of the danian of Baluchistan must be different from

that of the upper senonian Ariyalur stage. It is true that the dissimilarity of the

faunas seems to extend to the other animal groups, as Dr. Noetling wrote me on

one occasion that the cretaceous of Baluchistan has only a few cosmopolitan

species in common with that of Southern India. An early publication of the researches

referring to this subject, especially on the Ammonitida (which appear not to be rare

• F. Noetling, Preliminary notice on the Echinoids from the upper Cretaceous system of Baluchi-

star. : Rec. Geol. Surv. lnd., XXVII, 1894, p. 129.

« P. M. Duncan, On the Echinoidea of the Cretaceous Strata of the Lower Narbada Region t

Quart. Journ. Geol. Soc. London, XLIII, 1887, p. 154.

» W. T. Blanford : Rec. Geol. Surv. Ind., XXIX., 1896, p. 53, 54.

1
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and might indicate the existence of a lower horizon than the danian), would be

very desirable. It is to be regretted that the echinoderms only of the Narbada

cretaceous have been reliably worked up, whilst the rest of the fauna is known

only incidentally. It depends in the first place on the exact investigation of these

two cretaceous areas whether the view that the south Indian ocean was entirely

excluded from the Mediterranean during the time of the upper chalk can be

definitely affirmed. What is known up to the present time about the Asiatic upper

cretaceous is decidedly in favour of this view.1

VI.—The Correlation of widely separated Fossil-bearing

Deposits.

The distance of the Indo-Pacific cretaceous deposits from those of Europe

with which they are compared for the purpose of determining their age is so

great that the doubt is justifiable whether the similarity of the faunas allows us to

establish an approximately correct comparison between them as regards the

' time of their deposition. Professor Steinmann leaves it an open question whether

the Ariyaliir overlap occurred during the period of the lower senonian (the time

of the overlap of the Gosau formation and the Aachen deposits), or, as the fauna

would indicate, during the upper senonian (loc. cit., p. 31). I think that in this case

the question can be decided with tolerable certainty on the evidence of the fauna.

I have already mentioned that two species of the groups of Schloenbachia sub-

tricarinala, d'Orb., and of Placenticerat syrtale, Mort., which are peculiar to the

Atlantic lower senonian, and everywhere very common in it, occur in the upper

Trichinopoli stage. It is therefore impossible that the upper Trichinopoli

stage could be older than this division, as the two ammonite types referred to

must have immigrated from there, and from this it results that the Ariyaldr over

lap which begins above the horizon of these ammonites, must be younger than

the lower senonian, therefore younger than the Aachen overlap.

The overlap of the lower senonian appears, according to present knowledge

to be confined to the Atlantic region, and indeed is not only found in Europe

but also in the East-coast States of North America (from New Jersey to Alabama).

There follows everywhere, immediately above the plant-bearing non-marine

cenomanian a marine formation, which contains quite a typical lower senonian

fauna: Schloenbachia of the group of Schl. (Mortoniceras) teaana Rom,

Placenticeras syrtale, Morton, PI. placenta, Dekay, Baculites asper, Morton, etc.,

1 It is known that Neumayr (Gograph. Verbreitung der Jureformation) came to the

conclusion that during the Jurassic and tha lower cretaceous India was connected by a land

barrier with South Africa. But he was obliged on account of the Jurassic discoveries in Moo.

•"^""* bassa and Madagascar, whose relations with India are unmistakable, to transfer this land connec

tion to the extreme south, and through some recent observations it has become doubtful whether such

a connection existed at all. Pavlow has shown that an Olcostephanus from Uitenhage beds, studied

by him was scarcely to be distinguished from Olcostephanus schenii, Oppel, from the Spiti shales

(Pavlow andLamplugh; Argiles de Speeton et leurs equivalents. Bull. Soc. Imp. Nat. Moscou.

1892, p. 493 ) an observation which I am inclined to confirm from a comparison of an African speci

men contained in the Geological Institute of the University of Vienna with Oppel's figures. More

over, the relations of some Uitenhage fossils to the lower neocomian of the Salt Range, which will be

worked up by Professor Waagen and myself, are very striking, and cannot easily be explained

otherwise than by a oceanic connection, which probably separated India and Africa and connected

the Mediterranean Sea of the lower cretaceous period with the Indian Ocean.

1 '

1
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and is evidently equivalent to the Fort Pierre group of Dakota, whilst only in the

higher beds does Sphenodiscus lenticularis, Owen, a typical form of the upper

senonian Fox Hills group, occur.

The overlap of the European lower senonian is therefore by no means of

merely local signi6cance, though it is not observed in the Pacific ocean.

There is moreover in Europe besides the lower senonian overlap also a

local overlap of the upper senonian, which, however, does not appear to be of

great extent, but by reason of the faunistic relationship to the Pondicherri creta

ceous is of great interest : namely, that of the Baculite chalk of Cotentin, France,

which reposes immediately upon much older rocks, and as already mentioned

(p. 70) possesses much similarity in its ammonite fauna to the Valudayur

beds. The interest is increased through Zittel's1 observations in the Lybian desert,

where the zone of Exogyra overwegi, Buch., which lies immediately upon the

plant-bearing Nubian sandstone, is placed in the upper senonian, on account

of the general aspect of its fauna and of some identical species, and is paralleled

with the so-called lower danian (Baculite-limestone of Cotentin). Moreover

another overlap has been recently pointed out in Asia and its age more nearly

determined, namely, that of the Cardita beaumonti beds of Baluchistan which

lie immediately upon the neocomian. Their echinoderm fauna possesses, accord

ing to Noetling, a purely Mediterranean character, entirely different from that of the

cretaceous of Southern India, and has many important and remarkable species in

common with the danian of the Pyrenees (horizon above the Stegaster limestones).

Ammonites occur there likewise (Sphenodiscus, further also, according to Old

ham, Baculiies, Crioceras ?), and it is therefore very probable that the overlap

of the Cardita beaumonti beds, which is also noticeable in the Salt Range, was

not very widely separated in time from the Ariyaldr overlap.

It is a truly remarkable phenomenon that the period of the upper cretaceous

begins with the great overlap of the cenomanian, but that also during the lower

senonian, as well as the upper senonian and the danian, the sea overflowed

the land very extensively in various parts of the earth's surface. The cause of

this is of course for the present as inexplicable as is the negative change of

relative level, which characterizes the beginning of the tertiary era in so many

places throughout the world.

The overlaps are moreover, it would seem, an excellent check upon the

correctness of the calculations of the age of many deposits, and this is es

pecially the case with reference to the cenomanian and upper senonian. The

cenomanian overlap begins in Europe and in Southern India with the same zone

(Schioenbachia inflata, Sow., Sloliczkaia dispar, d' Orb., Hamites armatus, Sow.,

etc.), perhaps also in West Africa (Elobi Islands and Angola) and in Brazil.

As on the other hand in the Mediterranean province, where also in many places

the overlapping of the cenomanian can be proved (Syria, Arabia, Narbada, etc.,)

the fauna is composed chiefly of other elements, there is no doubt that overlap

and the occurrence of a special fauna are in no causal connection with one an

other, but are quite independent phenomena. Supposing this to be the case

the coincidence in time of the overlap with the appearance of a similar fauna

1 K. A. vonZittel: BeitrBge zur Geologie and Palaeontologie der libyschen Wuste Palxonto-

graphica, XXX, 1883, pp. 89, 93.
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in a series of widely separated places in the Atlantic and the Indian oceans mast

be a proof of the actual synchronism of these deposits.

Also in the upper senonian the coincidence of the beginning of the overlap

with the appearance of the Ariyaltir fauna in Southern India, Vancouver, and

Quiriquina speaks quite decidedly for the synchronism of these deposits. That

in Southern India the fauna of the overlapping Ariyaldr stage resembles so closely

the fauna of the overlapping upper campanian of Cotentin permits the con

clusion that these phenomena, too, are synchronous, and thus the succession of

the overlaps might afford a very reliable guarantee of the correctness of the

determination arrived at as to their age founded upon the fauna.

There is, however, another means of proving in some cases whether widely sepa

rated, faunistically equivalent deposits may be called merely homotaxial or truly

synchronous. An example may explain this. Suppose that a place in the

Atlantic province (A) has a fauna consisting of the native species a„ a,, as,

with which the Pacific species p, may be associated ;' a place in the Pacific Ocean

P, on the other hand contain, besides the native fauna consisting of the species

Pi'Pt'Pi tne migrated species <z3 ; thus the two species as and p2 would

be common to both regions. If the migration occupied a geologically measurable

time, it follows that if in the region A the forms a3 and/, lie in the same zone, pt

must have emigrated from a somewhat lower bed of the province P, whilst the

species a3, on account of the time necessary for the migration from A to P, can

only appear in the latter place in a somewhat higher horizon, that is : the two

elements of the fauna originating in different regions can only be associated in

one of the two regions, in the other they mast be separated. But if this is not

the case, we must conclude that the lapse of time necessary for the migration must

have been short, compared with the duration of a palaeontological zone. The rule-

is simple enough ; but the collection of the material necessary for proof in a special

case is very difficult. Almost only such regions as lie in two widely separated,

faunistically independent ocean regions, connected together by a few species, can

be suitable as a starting point. Within one and the same ocean province, however

large it may be, the more circumscribed habitat of certain groups of species

can scarcely be determined. A comparison of the Indo-Pacific with the Atlantic

cretaceous appears to me to afford some data which permit us to approach this

question, but I should like to point out that in such a difficult subject where the

determination of the habitat of certain animal groups forms the starting point of

the conclusions to be arrived at, one must go to work with the greatest cautio^

and in the present state of knowledge one must be satisfied with conclusions based

on probability.

[Two new peculiar ammonite types begin to appear in the Valudayur beds:

a Pseudophyllites indra, Forb., and A mm. brahma, Forb., both of typically Paci

fic character. The same series of forms are also represented in the upper

campanian of Europe by some rare specimens (Pseudophyllites colloli, Grossouvre,

Ammonties haugi, Seunes) ; in the same beds appear .also Gaudryceras

planorbiforme, Bohm, doubtless a Pacific species, which I cannot distinguish from

Gaudryceras kayei, Forb. But on the other hand the decidedly Atlantic forms

Scaphiies (constrictus, Sow), and Sphenodiscus (ubaghsi, Gross.), occur in the same*

* Noctling : Records Geol. Surv. India, 1894. XXVII, p. 124 et scq.
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horizon in Europe ; the origin of the group of Pachydiscus neubergicus, Hauer, is

not certain, but I should be inclined to consider it in the first place as a peculiar

European group, as it seems not to be represented in the Pacific deposits of

Vancouver and Quinquina. But of the groups mentioned Sphcnodiscus siva,

Scaphites cunliffti, and Pachydiscus egertoni, Forbes (scarcely distinguishable from

P. neubergicus Hauer), are met with in the Valudayur beds. In the Trigonoarca

beds Pachydiscus gollevillensis, Orb., a form of the group of P. neubergicus

which is of European origin, occurs, together with the Pacific type Pseudophyl.

litis, also appearing in the same horizon in Europe. It is also of importance

that the bivalves originating from the Atlantic region {Gryphaa vesicularis, Lam.,

Exogyra ostracina, Lam, Alectryonia ungulata, Schloth., Inoceramus cripsi, Mani.)

which in their habitat everywhere characterize the upper senonian, penetrate also

into the Ariyaldr group of the Indian ocean. Thus there are elements of

Atlantic and Pacific faunas associated with each other, in the upper senonian of

Europe and in the Valudayur and Ariyaldr beds of Southern India, and their

distribution on both sides must have occupied much less time than the duration of

this stratigraphical division required.

In the upper Trichinopoli beds of Varagur (Trichinopoli) Placenticeras

tamulicum, Blanf., belonging to the Atlantic series of forms of Plac. syrtale, Mort.,

and the certainly Pacific Gaudryceras varagurense, Kossm., appear associated

together. In a similar way Gaudryceras mile, Hauer (not easily distinguishable

from G. varagurense), and Plac . syrtale, are connected together in the santonian of

Europe.

Unfortunately we have, owing to the great distances, in the majority of cases,

to deal not with identical but allied species, which must therefore be treated with

great caution ; in some cases, however, well defined groups of forms are in question

which have only a certain small vertical distribution and therefore admit of toler

ably certain conclusions about them.

An exact stratigraphy of exotic deposits, as well as a thorough investigation of

their fauna might certainly supply much material for interesting observations.

For the present, however, it may be sufficient to say that the phenomena accom

panying the overlap, as also the study of the place of origin of certain series

of forms and species, lead to the same results, namely, that the geographical

distribution of a fauna does not necessitate any geologically measurable time, and

that on the ground of the palseontological characters (in the first place of the am

monite faunas), one can obtain even in widely separated deposits a relatively exact

determination of their age.

Conclusions.

i. The Deposits of Pondicherri fall into three palseontologically separate divi

sions : (i) Valudayur beds (Anisoceras beds), (2) Trigonoarca beds, (3) Neri-

nea beds.

3. The Valudayur and Trigonoarca beds together correspond with the lower

fossiliferous Ariyaldr group of Blanford (Ariyaldr group proper) ; the Nerinea

beds show on the one hand a similarity to this division, on the other to the upper

most beds of the Ariyaldr stage (Niniyur beds) and are probably an equivalent

of the unfossiliferous sands which separate the two fossiliferous groups of beds

in the Trichinopoli district.
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The middle and lower divisions of the S. Indian cretaceous ( Trichinopoli and

Utatar stages) are not represented in the Pondicherri area.

3. The fauna of the Valudayur and Trigonoarca beds (=Ariyaldr stage, proper)

corresponds with the uppermost beds of the European senonian (upper campanian

Baculite-limestone of Cotentin), whilst the Nerinea beds are to be paralleled

with the danian.

4. Equivalents of the Ariyaldr stage are known in Natal, Madagascar, Assam,

Borneo, Yesso, Vancouver, and Quinquina island (Chili). In the two latter places

an overlap has been proved to have occurred upon much older rocks.

5. An influx of elements of the Pacific fauna into the Atlantic area during the

upper cretaceous, and especially during the upper senonian, is to be recognized ; it

is proved that such an exchange of faunas in the seas took place south of the Indo-

African continent.

6. The study of the geographical centres of distribution of certain series of

forms, as well as the coincidence of the appearance of distinct faunas with overlaps,

furnish in the present case the proof that the distribution of the species did not

I \ require any geologically measurable time.

PART II. DESCRIPTION OF SPECIES.

As the list of fossils shows, the Pondicherri collection examined by me com

prises only very few new species, and 1 can therefore, in connection with the de

scriptions of most specimens, refer to the monographs of E. Forbes, A. d'Orbigny

and F. Stoliczka. As to the ammonites, most of them, namely, the forms belonging

to the genera Phylloceras, Lytoceras, Anisoceras, Ptychocera*, Baculiles, and Spheno-

discus, were revised and in part newly figured in the first part of my investigations

on the cretaceous of Southern India; I can therefore restrict myself here to

remarks upon the most important species of other genera (especially Pachydiscus),

The fossil wood which in some places is abundant in the cretaceous of Pondicherri

(especially horizons A and E of Warth), and in the overlying tertiary Cuddalore

sandstones, is to be examined by Dr. F. R. Krasser, and the results obtained will

be published later on.

Pachydiscus GOLLEVILLENSIS, Orb. (PI. VI. Fig. 1, a, b, c,).

1842. Ammonites Lmesiensis, d'Orbigny (in part), Terrains Cr&acees, Vol. I, PI. CI. p. 336,

1850. Ammonites Gollevillensis, d'Orbigny, Prodr6me de Paleont., Vol II, p. 212.

1854. Ammonites Gollevillensis, Sharpe, Mollusca of the Chalk, PI. XVII, Fig. 2, p. 48.

1891. Pachydiscus Gollevillensis, Seunes, Ammonites du calcaire a Haculites du Cotentin : Mem.

Soc. Geol. France, Paleontologie, Vol. II, 1891, No. 2, PI. V., Figs., 1-3, p. 10.

1893. Pachydiscus Gollevillensis, Grossouvre, Ammonites de la Craie superieure, Mem. Carte

Geol. de la France, PI. XXIX, Fig. 4, PI. XXXI. Fig. 9, p. 214.

The only example of Pachydiscus which has been found up to the present

in the Trigonoarca beds shows the following characters:—The whorls have

a high mouth, a rather narrow periphery, rounded at the edges, almost imper

ceptibly flattened in the median line, and high, very slightly curved sides, which

flow inwards to form a low but distinct steep umbilical wall. The involu

tion amounts to mpre than half of the preceding whorl, but its exact measurement
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cannot be given as the inner whorls of the shell are evidently somewhat crushed.

At the edge of the umbilical wall there are 9 to 10 tubercles from each of which pro

ceeds an obscure radial rib, which disappears on the sides, so that its connection

with the short, strong ribs on the periphery cannot be perceived. The outer ribs, of

which I counted 24 on the last half of the outer whorl (all composed of air cham

bers), are very decidedly weakened in the narrow siphonal region, but somewhat

thickened on either side ; they only reach the outer part of the sides, and here they

soon fade off. The suture-line is somewhat abraded, but is nevertheless very

characteristic. The external lobe is much shorter than the first lateral lobe, the

external saddle symmetrically twofold, and its base on each side much narrowed

by deep cut indentations. From the deep, distinctly threefold, first lateral lobe

arises perceptibly the basal limitation, as the second lateral and the first auxiliary

lobe are becoming shorter than the preceding one. The first lateral saddle

is about the same height as the external saddle and likewise twofold, the second

lateral saddle is much smaller and not symmetrically shaped, the first auxiliary

saddle is again somewhat larger and wider, and is divided into two parts by an

indentation which cuts just into the umbilical margin ; to this indentation a few small

ones are attached, which rapidly incline towards the suture, thus forming a small

sutural lobe.

In all the characters above mentioned the Indian specimen agrees perfectly with

the examples of Pachydiscus gollevillensis from the Baculite limestone of Cotentin

(Dep. Manche), which are beautifully figured by Seunes and Grossouvre ; the

example figured by Seunes, PI. V, fig. 2, shows an especially striking resemblance.

The number of the short peripheral ribs, thickened on both sides of the siphonal

line (25 in an arc equal to the last half whorl of the example here described)

is almost exactly the same, likewise the number and shape of the umbilical tubercles,

which in the French examples also fade away without any visible connection with

the outer ribs. As to the suture line, a glance at PI. XXX, fig. 2, in Grossouvre's

monograph (the photographic reproduction of a cast with well preserved septa)

shows that not the least deviation exists. In the French specimens also the lobes lean

towards the umbilical suture ; the first auxiliary saddle is divided near the margin of

the umbilicus by an indentation, the little suspensory lobe is distinctly visible ; the

external lobe is smaller than the first lateral lobe.

One can therefore, without any hesitation, ascribe the example described from the

Trigonoarca beds to this characteristic species of the upper campanian (upper

mucronata beds, Maestrichtien).

It is further closely connected with Pachydiscus eriskna, Forb., and P. tgefloni,

Forb., from the Valudayur beds. The latter has in common with it a section indicat

ing a high mouth, short, strong ribs on the periphery (likewise somewhat thickened

on each side of the siphonal line), and isolated umbilical tubercles; the suture line

also is very similar. The difference is only shown by the fact that Pach. crishna

increases more slowly, is less involute, and consequently possesses, a more open

umbilicus.

Pachydiscus egertoni is distinguished from the two above mentioned forms by a

wider, less high section, and therefore a more contracted suture line. Otherwise

Pach. egertoni shows nearly in every respect the same characters as the European

Pach. neubergicus, Hauer, a typical form of the upper campanian, and I shi uld be

embarrassed if I had to indicate marked differences between the two species.
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I intend to reserve a minute investigation into the relationship of these species

for the fecond part of my monograph on the ammonites of the South Indian

cretaceous, and hope that meanwhile I shall have an opportunity of comparing

Forbes's examples of Pachydiscus egerloni with those of the European species

P. neubergicus.

The little species Pachydiscus ganesa, Forbes,=/>. soma, Forbes, (see PI. VI, fig. i

t-c) is also very closely related to P. egertoni, and it is quite possible that it repre

sents only an immature form of the latter. The young stage of growth of P. neuber

gicus possesses also quite an entraorditary resemblance with P. ganesa, as a com

parison of the figured specimen in this work with PI. XXVI, Fig. 3, in Grossouvre's

Monograph shows.

It can^fiow be affirmed with certainty that the four Indian species : Pachydiscus

egertoni, P. ganesa, P. crishna, P. gollevillensis, represent a perfect equivalent of

the European group of forms of Pachydiscus neubergicus, and have at least one

species {P. gollevillensis) in common with it.

The fifth Indian species of Pachydiscus, P. menu, Forbes, belongs to quite

another group of forms and is in the middle stage of growth exceedingly like P.

ariyalurensis, Stol., but acquires a very peculiar second row of tubercles on the

body chamber. It seems to me of importance that there is an undescribed species

associated with Pachydiscus neubergicus, from Neuberg (Steiermark), which shows

quite similar features of form and sculpture to those of P. menu. (The only

specimen known to me is in the Geological Institute of the University of Vienna.)

Stoliczka has also described and figured (PI. LII, Fig. 3), Path, menu, from the

Trichinopoli group of Anapadi, but an examination of the example mentioned

proved that this identification could not be sustained.

Locality, \ mile west of Rautankupam, Trigonoarca beds.

Pachydiscus sp. cf. gollevillensis, Orb. PI. VI, Fig. 3, a, 6, c.

Among the few species of ammonites which the Valudayur beds, once so rich

in this group of animals, have furnished to this new collection, is a fragment, which

must be referred to the genus Pachydiscus, but in consequence of its small size does

not admit of all the characters necessary for the recognition of a species of this

group, so rich in forms, being ascertained. The whorls increase very slowly and

the involution amounts to about three fifths of their height. At a diameter of about

5 cm. the section is almost perfectly circular, a little wider than high ; afterwards

the sides become flattened and gradually merge into the rather narrow, rounded

periphery, whilst their boundary at the umbilical wall is somewhat more distinctly

marked. At the edge of the umbilicus there are rounded tubercles (on the figured

fragment three in number), whilst elsewhere no trace of sculpture is to be

seen.

The suture line agrees with that of Pachydiscus neubergicus, Hauer, and P.

gollevillensis, shows exactly the same details of indentation, of the proportions in

size of the individual lobes and saddles, as well as the inclination of the lobes to

wards the umbilical suture. The first auxiliary saddle is on the umbilical edge as

in P. gollevillensis. On the whole the specimen described is pretty near to this

species and is only distinguished from it by the want of ribs and by the slower

growth. But as the young forms of the Pachydiscus belonging to this group are
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smooth (for example, in Pachydiscus neulergicus), and the mode of growth of P.

gollevillensis in its young stage is not known, one cannot decide without further in

formation whether the present specimen belongs to a distinct species or not.

Locality, { mile north of Tutipet, Valudayur beds.

DFSMOCERAS DIPHYLLOIDE, Forbes, sp.

1846. Amm. diphylloides, Forbe", Trans. Geol. Soc. London. 2nd Ser., Vol. VII, p. 10J,

PI. VIII, fig. 8.

1865. Amm. diphylloides, StoMczka, Cret. S. ind., Vol. I, p. 119.

Of this species there are in the collection of the Geological Society several very

well preserved examples showing deep, S shaped constrictions, which Forbes

does not mention in his description. I have before me in the new collection only a

fragment of a large-chambered example (diameter about 7 cm.), which agrees

very well with the specimens of the original collection, and which I shall figure

later on in connection with them.

The section is somewhat higher than wide, the sides flattened merging gradually

into the rounded periphery on the one hand, and into the umbilical wall on the

other. The constriction* marking the cast are curved in an S-shaped manner,

and project tongue-like on the periphery.

The suture line shows all the characters of a Desmoceras of the group of

D. lalidorsatun, Mich.

The examples which Stoliczka figures from the Utatur group as Amm.

diphylloides show a somewhat more rounded section (PI. LIX, Figs. 10,12) ; the

constrictions show a shorter, broader tongue on the periphery. From the Ariyaldr

stage of Otacod and Karapadi there are some specimens, which agree well in form,

sculpture and suture line with the Valudayur form. Very nearly related also is

Desmoceras pyrenaicum, Gross.1 from the French santonian (middle senonian)

and Amm. selwynianus, Whiteaves,8 from the Nanaimo stage of Vancouver, of

which Mr. Whiteaves sent me a very beautiful example for comparison.

The second species of Desmoceras from the Valudayur beds, D. yama, Forbes,

is insufficient for any comparison with forms from other cretaceous regions.

Locality, \ mile north-west of Rautankupam, Valudayur beds.

Amm. (n. g. aff. Holcodiscus) brahma, Forbes.

1846. Amm. brahma, Forbes, Trans. Geol.Soc., London, 2nd ser., VII, p. 100, pi. VIII. Fig. 1.

1865. Amm. brahma, Stolicika, Cret.S. India, Vol. I, p. 163, PI. LXXIX, Figs. 2-4.

Of this species, which, in the Pondicherri district, has only been found up to the

present time in the Valudayur beds, though occurring pretty frequently in them, there

lies before me a single fragment, not well preserved, but easily recognizable, from

the Trigonoarca beds of Saidarampet. Several beautiful examples of the same

species are in Dr. Warth's collection, from the Trichinopoli district. These come

from the Ariyalur beds of the vicinity of Otacod, from whence also Stoliczka

mentions a specimen. This remarkable type is represented in France by a

1 A. de Grossouvre, Les Ammonites de la Craie superieure. Paris, 1893, PI . XXXVII, Fig,

9, a, b, c.

' J. F. Whiteaves, Geol. Nat. Hist. Surv. Canada, Mesozoic Fossils, Vol. I, Pi. II. Montreal,

1879. PI. XIII, Fig/i.
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f very closely related species, Am. haugi, Seunes (called by Seunes1 Puzosia),

regarded by Grossouvre2 as a stage of growih of Lytoceras planorbiforme, Bohm.,

which occurs in the upper campanian (uppermost senonian) of the Depart

ment of the Basses Pyrenees

A description of the generic features of Am. bmhma and the allied species A mm.

vishnu, Forbes, and Am. haugi, Seunes, will be published in the second part of the

researches into the cretaceous fauna of Southern India. But it may be re

marked here that this group has nothing to do with Lytoceras, with which it has

been united by Neumayr (Classification der Kreideammonites) and by Zittel

(Handbuch der Palaeontologie, Vol. II. genus Lytoceras), but is nearly related

to Holcodiscus and Pachvdiscus.

Locality : Pondicherri, Valudayur beds and Trigonoarca beds (Saidarampet).

Nautilus (Hercoglossa) Tamulicus, n. sp. PI. VI, Figs. 5, 6 ;

PI. VII, Fig. 1.

This species, of which I have two fragmentary examples before me, possesses

strongly involute whorls, sagittate in section, which surround a very small um

bilicus. The sides are without ornaments and moderately inflated, steeply

inclined towards the umbilicus, near which they are widest; they converge

regularly towards the periphery, which is somewhat rounded in the young, pointed

in the old, shell. The septa are numerous, project towards the periphery,

forming a sharp angle, and describing on the sides a deep, backwardly directed

sinus, which is separated from the suture by a regularly rounded saddle. The

siphuncle is situated very near the inner side, its projection would meet the turn of

the curve, which the suture line describes in its transition from the side lobe to the

saddle.

A related species, not yet described, occurs in the Ariyaldr beds of Kalmodu,

near Otacod, but this possesses a narrower section, the keel is separated from the

sides by a slight groove and is divided in the adult, so that it develops a furrow in

the siphonal region.

( Nautilus leiolropis, Schluter,9 from the Emscher marl of Northern Germany,

i is more inflated and possesses less deeply sinuated septa.

I Locality. Saidarampet, Kadaperikupam ?, Nerinea beds.

The other Nautili belong to species which have all been described by Forbes

and Blanford. There is a very fine, large specimen of N. serpentinus, Blanford,

from the Orbitoides-bearing Nerinea limestone of Saidarampet, whilst Nautilus

danicus, Schl., related to it, is not represented in Dr. Warth's collection. Of the

species which Blanford identified with Nautilus clemenlinus, Orb. (gault), there

are several badly preserved examples which agree with those of the Trichinopoli

district, but are insufficient for purposes of description. But it must be pointed

out that the species from both districts differ from the European species and must

receive a new name.

1 J. Seunes: Mem. Soc. Geol. de France, PaWontologie, Vol. II, No. 2, p. 20, PI. VI. Fig. 1.

2 A. de Grossouvre : Ammonites dc la C'raie superieure, p. S3', PI- XXXIV, Figs. 4, 5; PI.

XXXV, Fig. 7.
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BELEMNITES, sp. ind. PI. VI., Fig. 7, a, b.

1846. Belemnites (?) fibula, Forbes, Trans. Geol. Soc, London, 2nd ser.,

PI. IX, Fig. 3.

VII, 119,

From the sands of the Trigonoarca beds I have a single, rather eroded

fragment of a belemnite,1 which agrees with the species described by Forbes

as B. fibula. In the phosphatic beds of the Utatur stage of Utatur, Trichinopoli

district, numerous very well preserved belemnites are found, which H. F. Blanford

was inclined to identify with the Pondicherri species on the ground of E. Forbes's

sketch (Cret. Fauna of S. India, Vol. I., Cephalopoda, p. 3). But the section of

the latter has the form of a rectangle with rounded edges, the alveolar cavity is

rather long and narrow, the wall of the rostrum not smaller on the sides than in

the ventral and dorsal regions. In the belemnites described from the Utatur

group the section of the wall and the alveolus is oval, the latter is moreover

excentric and the wall on the ventral side of the rostrum somewhat thicker. The

Utatur species must therefore have a new name, whilst the specific name fibula had

better be abandoned, as the examples known up to the present time are not

sufficient for a specific diagnosis.

Locality, £ mile N. N. W. of Rautankupam, Trigonoarca beds.

Pugnellus uncatus, Forbes. PI. VI, Fig. 8.

1846. Strombus uncatus, Forbes, Trans. Geological Society, London, 2nd ser., VII, p. 129,

PI. XIII, Fig. 16.

1847. Strombus semicostatus, d'Orbigny, Voyage de 1' Astrolabe. Paltont. PI. II, Fig. 38.

1867. Pugnellus uncatus, Stoliczka, Cret. S. India, Vol. II, p. 22' PI. Ill, Figs. 9—13.

1887. Pugnellus uncatus, Philippi, Die tertiaren und quartaren, Versteinerungen

Chiles. Leipzig.

This species passes up from the Valudayur beds, in which it is very common,

into the Trigonoarca beds, from whence I have a well preserved cast agreeing

perfectly with the typical examples, from which the shell has been broken

off. Pugnellus is a genus which belongs in the first place to the Indo-Pacific

region and is represented in the upper cretaceous of Southern India by three

species (P. uncatus, Forb., P. contortus, Sow., P. granuli/erus, Stol) ; it further

occurs in Natal* (P. uncatus), in Borneo,3 (Pugnellus sp., Martin), in California4

(P. manubriatus, Gabb, and P. hamulus, Gabb) and in Chili,6 (P. uncatus, P.

lumidus, Gabb) ; but it is also known in the Colorado group of the Rocky Mountains

1 CI. Schliiter, Cephalopoden der oberen deutschen Kreide, I : Palxontographica, XXIV,

PI. XLVIII, Figs. 1, 2.

* C. L. Griesbach, Geology of Natal: Quart. Journ. Geol. Soc. London, XXVII, 1871,

p. 61.

* K.Martin, Die Fauna der Kreideformation von Martapoera : Sammlungen des geotogischen

Reichsmuseums in Leiden, IV, Nos. 5, 6, 1889, p. 188, PI. XX, Figs. ic-'2.

« W. M. Gabb, Palaeontology of California, Vol. I, pp. 124, 125, PI. XVIII. Fig. 48 ; PI. XX,

Fig. 81; PI. XXIX, Fig. 229.

» Steinmann, Quiriquinaschichten : Neues Jahrb., Beilage Bd. X, i, p. 96, PI. VII, Figs.

15, 16.
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region of the United States,1 (Pugnellus sandstone), and in the Mississippi creta

ceous (one species in each).

Locality, Pondicherri district, Valudayur beds, Trigonoarca beds.

Gosavia indica, Stoliczka. PI. VII, Fig. 3, a, b.

1S67. Gosavia IndLa, Stoliczka, Cret. S. Ind., Vol. II, p. 73, PI. VI, Figs. 3, 7, S.

The specimens from Pondicherri agree very well with Stoliczka' s figures and

descriptions, but the spire appears to be a little lower than in the examples from

the Trichinopoli district, which all come from the zones lying between the Trichi-

nopoli and Ariyalur stage. The largest of the Pondicherri examples (a fragment

from Rayapudupakam) shows the numerous folds on the inner lip very well.

Locality, | mile N. N. E. of Rautankupam, Valudayur beds ; Rayapudupakam,

Trigonoarca beds.

VOLUTIUTHES MURICATA, Forbes. PI. VII, Fig. 2.

1846. Voluta muricata, Foibes, Trans. G ological Society, London, 2nd ser., VII p. 131.

H. XII, Fig. 4.

1867. Volutilithes muricata, Stoliczka, Cret. S. India, Vol. II, p. 94, PI. IX, Fig. 5.

I have figured this species again as the specimen figured by Forbes, and also

that by Stoliczka, is only fragmentary ; but to the description which the latter has

given there is nothing to add.

Locality, \ mile north of Tutipet, Valudayur beds ; \ mile west of Rautanku

pam, Trigonoarca beds.

HiNDSlA EXIMIA, Stoliczka.

1S67. Hindiia eximia, Stoliczka, Cret. S. India, Vol. II, p. 135, PI. XI, Figs. 15— 17.

In the Kaye and Cunliffe collection in the Museum of the Geological Society

of London there is a specimen which completely agrees with this species, but has

been confounded with Pollia pondicherrensis, Forb., and has therefore not been

described.

Locality, Pondicherri district, lumachelle of the Valudayur beds.

TRICHOTROPIS sp. cf. koninckii, MGlIer. PI. VIII, Fig. a, a, 6.

From the Trigonoarca beds of Tutipet there are in the collection two phospha-

tized casts, retaining the sculpture of the shell, which belong to the genus Tricho-

I tropis, and are related to Trick, koninckii as well as to some other forms from the

Trichinopoli district. The larger of the two specimens shows only three whorls

whi :h have two spiral ridges, the stronger of which is situated in the middle between

the anterior and posterior sutures, whilst the weaker anterior one disappears under

the suture and is only seen on the last whorl. Two spiral ribs are visible, one between

the two ridges, another on the convex base of the last whorl. Longitudinal ribs

which were probably very strong on the shell are likewise pretty distinctly marked

on the cast ; they form tubercles on the posterior ridge, and proceed from thence

> T. W.Stanton, The Colorado Formation : Bull. United States Geological Survey, No 106.

Washinglon, i8>>3, P '48. PI. XXXI, Figs. 7—11.

'
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as flat prominences to the posterior suture. The aperture is ova], somewhat

contracted anteriorly and posteriorly. This species is distinguished from Tricho-

tropis koninckii1 of the Achen greensand by the smaller size of the last whorl,

by the shorter distance of the posterior ridge from the suture, and by the pre

sence of spiral ribs. Holzapfel has pointed out that Stoliczka's examples * from

the Trichinopoli group are different from the European species ; moreover, Stoliczka

has united two Indian species under the name of 'Irichotropis koninckii, to one of

which (Stol., loc. cit., PI. XIII, Fig. 7) the present specimens from Pondicherri are

very similar ; perhaps they should even be united with them, unless the presence of

the two spiral ribs forms a special feature of the latter.

Locality, 5 mile W. S. W. of Tutipet, Trigonoarca beds.

NER1NEA, n. sp. (BLANFORDIANA, Stol.?). PI. VII, Fig. 7 ; PI. VIII, Fig. I.

In the hard, sandy Orbitoides limestone, which overlays the Trigonoarca beds

in several places, for instance atValudayur and Saidarampet, there are found casts

of large Nerineas which seem to form a special peculiarity of this horizon, for

which reason I have bestowed upon it the designation Nejinea beds. But I

abstain from giving a specific name, as nothing of the sculpture is to be seen,

and therefore an exact comparison with described species is out of the question.

The shell is conical, not very slender, with numerous low whorls which have

slightly concave sides on the cast. The base is fiat and low and meets the sides in

a distinct edge. The aperture is widely quadrate ; two columella folds, somewhat

deeply indented, are present ; every whorl joins the upper part of the contiguous

one with a projecting spiral rib, so that the section of each whorl, besides the two

columella folds, shows a groove in the middle of the upper part and a projecting

rib in the middle of the under.

There seems to be a relationship between this species and Nerinea blanford-

iana, Stol.,3 but the want of the sculpture does not permit of any sure determina

tion. Unfortunately Stoliczka does not figure a section of a whorl showing the folds.

As already mentioned in the geological part of this memoir, Nerinea occurs

in the Niniyur beds (danian) of the Trichinopoli district (H. F. Blanford :

Mem. Geological Survey of India, IV, p. 141), and are also several times mentioned

by Stoliczka as associated with various forms of gastropods described by him; on

pages 221 and 227 he even directly refers to Nerinea blanfordiana in the Niniyur

group, whilst in the description of this species he mentions only localities from the

Utatur group. An examination of the specimens in the Museum of the Geological

Survey could alone elucidate this question.

The species here described differs considerably from other cretaceous Nerineas

known to me.

Locality, S. S. E. of Valudayur, Nerinea beds.

CERITHIUM karasurense, n. sp. PI. VII, Figs 5, a, 6; 6, a, b.

The shell of this species is very slender, with numerous, fairly high whorls,

1 E. Holiapfel, Die Molluskcn der Aachener Kreide: Pataeontographica, XXXIV, PI. XV,

Fig».6—9, p. '49-

« F. Stoliczka, Cret. S. India, Vol. II, p. 158, PI. XIII, Figs. 7—g.

» F. Stolicika, C.et. S. In.ia, Vol. II, p. 184, PI. XIV, Figs. 4-0.

S
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which are scarcely at all inflated and only very slightly indented at the suture.

Just below the posterior suture there is a raised rim upon which numerous rounded

tubercles are seen (seventeen on the last whorl). An anterior row of tubercles,

which indicates the ridge between the somewhat inflated under part and the sides,

is covered by the suture and consequently is visible only on the last whorl. They

are more numerous than the posterior tubercles and form the starting point for

the curved longitudinal ribs, which, on the one hand pass over the sides of the

whorl and can partly be traced as far as the posterior row of tubercles ; on the

other hand they converge towards the lower end of the aperture, getting at the

same time gradually fainter. There is no spiral sculpture. The aperture is some

what narrowed anteriorly and posteriorly ; the interior end of the shell is broken

off, and therefore nothing of a canal is to be seen.

In the Orbitoides bearing Nerinea beds of Saidarampet there occur pretty large

examples of Cerithium, which very probably are to be identified with the species

here described. The best preserved figured specimen shows, in the form of the

whorls and in the sharply conical shape of the shell, a complete agreement with the

example from Karasur, and possesses also a swollen ridge with rounded tubercles at

the posterior suture. All other traces of sculpture are removed by weathering, but

it seems as if the row of tubercles on the ridge between the sides and the base of the

shell had also been there. A second example shows in section two faint columella

folds. In this feature as well p.s in the form of the shell there is decidedly a near

relationship to Cerithium inauguratum, Stol.,1 but the latter may be distinguished

by the presence of several spiral rows of fine tubercles as well as by the absence

of the longitudinal ribs, and an anterior row of tubercles.

There is moreover in the collection worked up by Forbes also Cerithium inau

guratum, Stol. (already thus determined by Stoliczka in his examination of the

collection, but not mentioned in his publications). Another species occurring

abundantly in the Ariyalur stage—Cerithium arcotense, Stol. (loc. cit., p. 197, PI.

XV. Figs. 2-5)—is represented in the same collection from Pondicherri (lumachelle

of the Valudayur beds).

Locality of Cerithium tarasurense, Karasur, Trigonoarca beds ; Saidarampet,

Nerinea beds.

TURRITELLA WARTH1, n. sp. PI. VIII., Fig. 3, a, b.

A very slender form with regularly convex whorls, which are separated from

each other by a somewhat deeply indented suture, and are distinguished by a very,

fine, regular, spiral sculpture. Three of the spiral lines in the middle of the whorl

are more distinct.

Related to this species is Turritella ventricosa, Forbes (loc. cit., p. 123, PI. XIII,

Fisr- 3), which, however, increases considerably quicker, and has a somewhat coarser

sculpture ; the species from Niniyur, which Stoliczka has identified with Turr.

ventricosa, differs greatly.

Very similar to this species is Turritella quadricincta, Goldfuss, from the

German senonian (E. Holzapfel : Palaeontographica, XXXIV, Taf. XV, Fig, r6.) ;

but it has four instead of three coarser spiral lines. Turritella meadii, Baily, from

1 F. Stolicika, Cret. S. Ina., Vol. II, p. 193, PI. XV, Figs. 15, 19, 3o.
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Natal (Quart. Journ. Geol. Soc, London, 1855, p. 458, PI. XII, Fig. 6),

stronger longitudinal lines and more numerous spiral ribs.

Locality, | mile north and 1 mile N. N. W. of Tutipet, Valudayur beds.

shows

Trochus arcOTENSIS, Forbes. PI. VIII, Fig. 4, a, b, c.

1846. Trochus Arcotensis, Trans. Geol. Soc., London, 2nd ser., VII, p. 119; PI. XIII,

Fig. 9.

The specimens of Tr. arcotensis from Pondicherri which I have before me

(Forties's specimens come also from there) differ from the highly ornamented Tr,

geinittianus, from the Bohemian cretaceous, with which Stoliczka united it, as

well as from the examples identified with them from the Trichinopoli district. The

spiral sculpture is very faint, the outer ridge of the whorls without tubercles and not

sharp ; that part of the shell between it and the suture is inflated, not simply roof-

like, as in Stoliczka's examples, which indeed come very near to Tr. geinittianus

(loc. cit., Vol. II, PI. XXIV, Figs. 11— 15.)

Very nearly related to Trochus arcotensis is a species from Natal, which Baily

has named Solarium pulchellum (Quart. Journ. Geol. Soc, London, 1855, p. 458,

PI . XII, Fig. 3), but the height of the spire is somewhat less. In the lumachelle

of the Trichinopoli stage of Garudamangalam two species of Ttochus, not yet

described, occur, of which one is very similar to Tr. arcotensis, but has a sharp

outer ridge, and the upper part of the whorl is not inflated, but roof-like.

Locality, ^ mile N. W. and north of Tutipet, etc., Valudayur beds.

TElNOSTOMA CRETACEUM, d'Orbigny. PI. VIII, Fig. 5, a, b, c.

1S67. Teinostoma cretaceum (d'Orbigny) Stoliczka, Cret. S.Ind., Vol. II, p. 350, PI. XXV,

Fig- 7-

The extremely small species described by d'Orbigny from Pondicherri, and

figured by Stoliczka from the Ariyalur stage of Comarapalaiam, is very common

and always beautifully preserved in the lumachelle of the Valudayur beds, so that

the brownish, radiating colour bands are often to be seen on the shiny, porcele-

lanous shell.

Locality, £ mile north of Tutipet, Valudayur beds.

BuLLlNA CRETACEA, d'Orbigny. PI. VIII, Fig. 6. a, b.

1847. Bulla cretacea, d'Orbigny, Voyage de 1' Astrolabe. Paleontdogie, PI. Ill, Figs. IS—21.

1867. Bullina cretacea, Stoliczka, Cret. S. Ind., Vol. II, p. 414 (non PI. XXVII, Fig. 19).

Small examples of Bullina are among the most common fossils in the Valudayur

beds, and particularly one species which d'Orbigny describes as B. cretacea. A

special feature of this form is the striking thickening of the lines of growth at the

upper end of the cylindrical shell which there develop into slight folds. In the

examples from Garudamangalam, which Stolizcka figured as B. cretacea, this feature

is not present, moreover they are more distinctly spirally striated and attain a some

what larger size.

Besides Bullina cretacea there occurs in Pondicherri another species, PI. VIII,

Fig. 7, a, 6, ornamented with fine, spiral lines, which does not show the posterior

thickening of the lines of growth, is very slender, but has not a cylindrical shape ; it

H
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is considerably narrowed posteriorly, whilst the sides are slightly inflated. This

form might be perhaps identical with the slender variety of Bullina alternate,

Forb., which Sloliczka (loc. cit., PI. XXVII, Fig. 18) figures from the upper

Trichinopoli stage of Varagur.

Locality, N. N. W. of Tutipet, \ mile north of Tutipet, etc., Valudayur beds.

Euptycha larvata, Stoliczka. PI. VII, Fig. 4, a, b.

1867. Euptycha larrata, Stoliczka, Crel. 8. Ind., Vol. II. p. 426, PI. XXVI, Fig. 6.

The two phosphatized examples from Pondicherri agree entirely with Stoliczka's

type specimen from Comarapalaiam.

Locality, Rayapudupakam, Trigonoarca beds.

DENTALIUM CRASSULUM, Stoliczka. PI. VIII, Fig. 8, a, b.

1867. Dentalium crassulum, Stoliczka, Cret. S. Ind., Vol. II, p. 444, PI. XXVII, Fig. 21.

This species was described by Stoliczka from the upper Trichinopoli stage of

Serdamangalam, but I have it also from the lumachelle of the lower Trichinopoli

stage of Garudamangalam ; also from the white sands of the Ariyaldr stage of

Karapadi, and one example with completely similar features from the Valudayur

beds of Pondicherri.

Dentalium arcotinum, Forb., also frequently occurring in Pondicherri, is common

to the Trichinopoli and Ariyaldr groups, as numerous examples from Garudaman

galam are present, which I cannot distinguish from the Pondicherri ones.

Locality, i mile N. N. W. of Tutipet, Valudayur beds.

PWOLADOMYA LUCERNA, Forbes. PI. VIII, Figs. 9, 10, a, b.

1846. Cardium luccrna, Forbes, Trans. Geol. Soc, London, 2nd ser., VII, PI. XVII,

Fig. 10.

(871. Pholadomya cavdata, Stoliczka (non Romer), Cret. S. Ind., Vol. III.

This species is distinguished from Pholadomya caudata, Romer (Verstein.

des norddeutschen Kreidegebirges, Hannover, i84r, p. 76, Taf. X, Fig. 8), by the

less strongly curved lower margin, and the almost equally rounded anterior and

posterior sides, of which the latter is not so strikingly narrowed as in the examples

from the German senonian.

Locality, Pondicherri district, Pulichapalaiam, Tutipet, Rautankupam, Horizon

B and C.=Valudayur beds ; Tutipet, Rautankupam, Trichinopoli district, Tri

gonoarca beds of Parcheiri and Serdamangalam, upper Trichinopoli stage (rep.

lower Ariyaldr stage).

Corbula parsura, Stoliczka. PI. IX, Fig. 11, a, b.

1871. Corbula parsura, Stoliczka, Cret. S. Ind., Vol. Ill, p. 44, PI. I, Figs. 23, 24 ; PI. XVI,

Figs. 3, 4.

1893. Corbula parsura, F. Kossmat, Einige Kreideversteirierungen vom Gabun (Sitzber.

d. k. Akad. d. Wiss., Wien, |8&J), p. 579, Taf. I, Fig. 3, a, b, e.

Of this easily recognized species there was found in the Valudayur beds a small

example, about 3 mm. long, which agrees with the described type specimens from

the lumachelle of Garudamungalam (Trichinopoli stage), as well as with the

figured specimen from the upper cretaceous of Gabun (West Africa) in the pecu
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liarly thick form of the shell and the strong concentric folds. The circumstance is

of special importance that this species, the only one from the upper cretaceous

of the Gabun, which is to be identified with one already described, passes up into

the upper senonian in India, for I was formerly already of opinion that the fauna

of the calcareous marl of the Gabun according to its general habit (cf. for example

Echinobrmut allanticus, Koss.) belongs rather to the senonian than to the turo-

nian, a determination of age, which thus now no longer contradicts the fact of the

occurrence of Corbula parsura.

Locality, £ mile north of Tutipet, Valudayur beds.

Tellina pondicherrensis, Forbes. PI. IV, Figs. 13, 14, a, b.

1846. Tellina! pondicherrentis, Forbes, Trans. Geol. Soc., London, 2nd Ser., VII,

p. i4», PI. XVIII, Fig. 15.

Non 1871. Bareda (Icanotia) pondicherrensis, Stoliczka, Cret. S. Ind., Vol. Ill, p. 167,

PI. IV, Fig. 5 ; PI- XVII, Fig. 4.

Of this species, which was described by Forbes as Tellina ?, but belongs certainly

to this genus, I have before me several rather well preserved examples, which

are all distinguished by the somewhat long, narrow shape of the shell, similarly

rounded anterior and posterior margins, as well as the almost straight lower

margin. The umbones are pointed, placed far forward towards the anterior end :

the shell is thin and provided with only fine lines of growth. Baroda pondicher.

rensis, Stol., from the Utatur stage, which was identified with this species, has

a thicker shell, stronger lines of-growth, and further shows fine lines radiating

from the umbones.

Locality, \ mile north of Tutipet, Valudayur beds.

 

Tellina (Arcopagia) forbesiana, n. sp. PI. IX, Fig. 12, a, 6, e.

The figured left valve of this species, very slightly inflated, has a somewhat long

form a narrow anterior, and a broad posterior side, with the umbo placed in the

middle. The posterior part of the shell flattens towards the broad, rounded

posterior margin, and shows extremely fine striation, radiating from the umbo and

producing quite a delicate network of thin lines of growth, which disappear before

they reach the margin. The dentition is unknown. In the related species, Arco

pagia gabunensis, Kossmat1 from the upper cretaceous of the Gabun, the shell is

posteriorly about the same width as anteriorly, the concentric sculpture consists of

raised lines, closely and regularly placed together, the radiating striae near the

nosterior margin are more perceptible. Tellina monilifera, Gabb,8 from the

Martinez group of California is more inflated and has a rather strongly curved

lower margin as well as a narrow, rounded posterior margin. Among the Indian

species there is none which would require a close comparison with the described

species.

Locality, 1 mile N. N. W. of Tutipet, Valudayur beds.

1 F. Kossmat, Sitzuugsberichte d. k. Akad. d. Wiss, Wien, 1893, p. 580, Taf. I, Fig. 7, a, i,

J Palaeontology of California, Vol. 1, p. i57> PL XXII, Fig. 134.
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J

I

TRIGONOARCA GALDRINA, d'Orbigny. PI. IX, Figs. 1—3.

1847. Area galdrina, d'Orbigny, Voyage de 1'Astrolabe et de la Zelee. Paleontologie,

PI. V, Figs. 32, 33.

1871. Trigonoarca galdrina, Stolicika, Cret. S. Ind., Vol. Ill, p. 355, PI. XVIII, Figs. 2-5

As this species, which occurs in numerous examples in the middle horizons of

the cretaceous of Pondicherri, but also begins to appear isolated in the Valudayur

beds, is only mentioned by Stoliczka from the Ariyaldr stage of Serdamajigalam

and Sripermatiir, outside this district, whilst examples from Pondicherri are

figured only in d'Orbigny's rare book, I show a few figures of well preserved ex-

amples on Plate IX. There is nothing to add to Stoliczka's description. In the

g related species Trigonoarca gamana, Forbes, from Pondicherri (loc. cit., PI. XVI,

Fig. 3) the space between the posterior margin and the keel which runs downwards

from the umbo, is simply rounded, and shows neither the- strong middle rib nor

the fine radiating lines which characterize this part of the shell in Trigonoarca

galdrina. Trigonoarca gamana, Stoliczka (non Forb.), (loc. cit., PI. XX, Figs. 4, 5,

PI. L, Fig. 7), from the Utatur stage, differs from both the species named by the

thicker shape, and above all by the posterior side being proportionally much wider

than the anterior ; this must therefore always be treated as a distinct species.

Locality, Pondicherri district, Valudayur and Trigonoarca beds.

J t

* :

PLICATULA SEPTEMCOSTATA, Forbes. PI. X, Fig. 1.

1846. Plicatula stptem-costata, Forbes, Trans. Geol. Soc., London, ind ser, VII,

p. 155, PL XVIII, Fig. 4.

The two valves of the figured example are about oval in outline, irregularly

lengthened in the region of the umbo ; the lower valve is moderately convex,

the upper somewhat concave near the umbo. Both are covered with strong, raised

ribs, which bear numerous scaly lamellae, corresponding with the thicker lines of

growth. On Forbes's example only the latter are to be seen, whilst nothing is to

be observed of the lamellae upon the ribs, evidently because the upper layer of the

shell is wanting. (In the oysters from the Valudayur beds the outer rough layer of

the shell is nearly always lost in developing and only the inner pearly layer

remains.)

Locality, £ mile W. S. W. of Tutipet, Trigonoarca beds. Forbes's example,

judging from the mode of preservation, came from the Valudayur beds.

SPONDYLUS LAMELLOSUS, n. sp., PI. IX, Fig. 10, a, b.

This species, related to Spondylus calcara/us, Forb., which does not seem to be

rare in the Trigonoarca beds, is distinguished by a very peculiar ornamentation.

The surface of the shell has radiating folds, with numerous close set ribs having

the same direction as the folds and covering them as well as the furrows between.

Alternating, strong, concentric lamellae, arise at irregular distances from one

another, but soon fade away at each end. The outline of the shell is roundish,

very similar to that of Spondylus calcaratus, but there is no example showing the

umbonal region. An example of the last-named species, which Stoliczka (loc. cit,,

PI. XXX, Fig. 7<z) figures, shows also some resemblance in the ornamentation, but

the ribs are somewhat finer, and instead of the strong lamellae there are only

irregular concentric folds.

I
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Locality, Saidarampet, \ mile west of Rautankupam, etc., Trigonoarca beds.

The following species, not previously known from Pondicherri, are only figured

to show the agreement with forms from the Trichinopoli district :—

Siliqua limata, Stol. (Vol. Ill, PI. I, Figs. 12, 13), PI. IX, Figs. 4, 5.

Pharella dclicatula, Stol. (Vol. Ill, PI. 1., Fig. 14), HI. IX, Fig. 8.

Baroda elicita, Stol. (Vol. Ill, PI. IV, Fig. 16), PI. IX, Fig. 7.

Cyprina cristata, Stol. (Vol. Ill, PI. IX, Fig. 1), PI. IX, Fig. 9.

Hippagus cemilianus, Stol. (Vol. Ill, PI. XIV, Fig. 6), PI. IX, Fig. 6.

Spondylus ariyalurensis, Stol. (Vol. Ill, PI. XXXIII, Fig. 5), PI. X, Fig. 2.

Terebratula arabius, Forbes. PI. V, Fig. 4, a /.

1846. Terebratula arabilis, Forbes, Trans. Geol. Soc, London, 2nd ser., VII, p. 138,

PI. XVIII, Fig. 12.

This species has a broad oval shape and pretty regularly inflated valves ; the

foramen, which truncates the umbo of the larger valve, is proportionally small, the

lateral elevations proceeding from it are rounded. The line of junction of the two

valves is slightly curved, a single broad sinus, directed towards the smaller valve,

is present. The delicately punctured surface of the shell shows extraordinarily

fine lines of growth. Where this very fine outer layer is flaked off, another layer

appears, which is distinguished by its silky gloss, and shows in the umbonal

region fine radiating lines, and instead of the lines of growth is marked by

very regular concentric bands, which are not in relief but form part of the

structure of the shell. One sees, namely> with a lens, that each band consists of

scale like lamellae, lying one upon another, and that the imbrication of the

scales is opposite in two of the contiguous bands. Consequently those bands

in which the imbrication of the lamellas is turned towards the light always show

a peculiar, silky gloss. This shell structure is not known in Terebratula depressa,

Lam., var. cyrla, Walker, which Stoliczka figured from the Utatur group

(loc. cit. Vol. IV, PI. II, Figs. 7-8) and among whose synonyms he also placed

Trebratula arabilis,- further the foramen is larger and the elevation of the valves

somewhat greater, and there are among the lines of growth some developed

into somewhat rugose thickenings. I consider therefore the two species to be

different.

Locality, \ mile west of Rautankupam, Trigonoarca beds.

Terebratula biplicata, Sowerby. PI. X, Fig. 3, a, c.

1873. Terebratula biplicata, Stoliczka, Cret. S. India, Vol. IV, Pt. I, p. 19, PI. IV, Figs.

a-17.

The present species represented by a single example agrees completely with

the type which Stoliczka has designated var. karapaudensis (Stol., loc. cit., PI. IV,

Figs. 5-9 ; the greatest resemblance is with figure 8).

Locality, | mile west of Rautankupam (Trigonoarca beds').

Hemiaster PULLUS, Stoliczka. PI. X, Fig. 6, a—d.

1873. Hemiaster pullus, Etolicika, Cret. S. lnd., Vol. IV, Pt. Ill, p. 18, PI. II, Figs. 8,9.

The little species of Hemiaster, from the Ariyaliir stage of Ariyalur, which has

been recorded and very minutely described, but not very well figured by Sioliczka,
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does not appear to be rare in the Trigonoarca beds, as there are in Warth's collection

six specimens, mostly very well preserved, which agree remarkably with Stoliczka's

types. The figured example (the largest among the present ones) shows the

peculiar form of the rather deeply depressed arabulacral zones very distinctly ; the

elevation between the two posterior, sLort ambulacra is here somewhat more distinct

than in the smaller specimens (see also Stol., PI. II, Fig. 8, b.), without, however,

developing a sharp ridge, as in Hemiaster cr (status, Stol.

Locality, \ mile west of Rautankupam, Trigonoarca beds.

Hemiaster tamulicus, n. sp. PI. V, Fig. 5, a—d.

This species shows a tolerably regular oval outline, regularly rounded sides,

and a proportionally inflated lower side. The part lying behind the subcentral

(somewhat nearer the posterior side) apex is distinctly higher than the part in

front, inclining at first steeply, and overhanging in the region of the anus. The

whole surface is covered with closely set granules, which are largest near the

mouth. The ambulacra are depressed to a moderate depth and somewhat narrow.

The anterior furrow is the longest but disappears before it reaches the periphery ;

the two ambulacra! furrows on each side of it diverge from one another at an angle

of about 900, are very little curved, broadly club-shaped and show about 16 pairs

of pores. The posterior ambulacra are oval, considerably shorter than all the

others and separated from each other by a rounded elevation. The ambulacra!

region is surrounded by a fasciole, which, owing to the considerable length of the

anterior furrow, appears to be much elongated. The new species is very easily

distinguished from the one associated with it, Hemiaster puUus, Stol., by the simple

oval outline, the slight depth of the ambulacra, and the narrowness of the anterior

furrow, which does not reach the margin. Among the remaining forms of the

Indian cretaceous there is none with which this species could be confounded.

The related species Hemiaster soulieri, Fallot,1 from the senonian beds of

Dieulefit (France), is proportionally less high, the anterior ambulacra are broader

and longer.

Locality, J mile west of Rautankupam, Trigonoarca beds.

Animal groups other than those above described are only sparingly represented

in the fauna of Pondicherri.

Of bryozoa there is only one species {Lunulites, sp.). Corals are very rare, and

owing to the sandy nature of the matrix, mostly badly preserved ; annelids are

represented by two species, Ditrupa longissima, Forbes, and Serpula filiformis,

Sow., the latter of which (PI. X, Fig. 7) was also known in the Ariyaldr stage of

Karapadi.

On tbe other hand, the sandy limestone of the Nerinea beds of the uppermos

division of the cretaceous is completely filled with well preserved foraminifera

among which the genus Orbitoides (PI. X, Figs. 8-10) is particularly striking by its

great frequency. As Stoliczka was also able to prove the existence of this genus

in the Niniyur beds of Niniyur, Trichinopoli district {Orbitoides faujassi,

1 Fallot, Terr, crltacle dans le Sud— Est. dc la France : Annates des. Sciences GOologiquci.

Paris, XVIII, 1885. p. 258, PI. VIII, Figs. 3, 3.
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Lam.; Stol., Cret. S. Ind., Vol. IV, Pt. IV, p. 61, PI. XII, Figs. 3-5), this circum

stance increases the agreement which exists already elsewhere between! the two

groups of beds. Of other sections of foraminiiera a few are specially remarkable ;

they seem to indicate the genus Amphistegina (PI. V, Figs, n, 12).

General List of Pondicherri Fossils.

The following list comprises, besides the fossils represented in Dr. Warth's

collection also those described by Forbes, d'Orbigny and Stoliczka. A reference to

the descriptions and figures of them by the individual authors is, I think, not

necessary, as they are all easily to be found in the complete list of Stoliczka's

Monograph. Species which are not known for certain to have been found in

Pondicherri (as, for instance several echinoderms described by Forbes) are not

taken into consideration. The arrangement of the Pondicherri cretaceous into

three different horizons succeeded tolerably well with all the more important

fossils, especially in the greater number of species established by Forbes,

which I myself had the opportunity of seeing. As to the fossils described by

Sioliczka, the remarks made by him upon the character of the rock and the

association of the fossils are in the most cases sufficient to enable the horizon to be

recognized. D'Orbigny's species, putting aside those found also in more recent

collections, could not be provided with a definite horizon. In the table of

foreign localities the description of the species compared could not be cited

for want of space ; I therefore quote here the works in which the most important

are to be found ; others are mentioned in the palaeontological part of this

paper.

The following is a list of the principal papers containing descriptions and figures

of the foreign fossils, mentioned in the following table of the Pondicherri

cretaceous fauna :—

Europe

Natal

Yesso

Vancouver

Quiriquina Island

A. de Grossouvre, Les Ammonites de la Craie superieure :

Memoires pour servir a 1' explication de la Carte gdo-

logique detaillee de la France. Paris, 1893,

A. d'Orbigny; Prodr6me de Paleontologie, Paris.

1852. Vol. II,

„ „ Terrains Cretaces, Paleontologie Francaise.

C. L. Griesbach, Geology of Natal : Quart. Journ.

Geol. Soc, London, XXVII, 1871, p. 60 ff.

M. Fokoyama, Verstein. a. d. Japan. Kreide : Palseon-

tographica, XXXVI, 1890.

K. Yimbo, Kreide format, v. Hokkaido : Palasonto-

logische Abhandlungen, VI. pt. 3. Jena, 1894.

, T. F. Whiteavet, on the Fossils of the Cretaceous

Rocks of Vancouver and adjacent Islands: Geol.

and Nat. Hist. Surv., Canada. Mesozoic Fossils,

Vol. II. Montreal, 1S79.

G. Sleinmann, Das Alter und die Fauna der Quiriqui-

naschichten in Chile : Neues Jahrbuch, Beilageband. X.

Stuttgait, 1895.

*
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EXPLANATION OF PLATES.

Plate VI.

Fig. i.—Pachydiscus golhvilltnsis, Orb.—a, side view; b, back view;

c, sutures from the same specimen; J mile W. of Rautankupam,

Trigonoarca beds.

-Pachydiscus ganesa, Forbes.—a, side view ; b, front view ; c, sutures

from the same specimen ; $ mile N. of Tutipet, Valudayur beds.

-Pachydiscus sp. aff. golhvillensts, Orb.—a, side view ; b, front view,

enlarged * ; c, sutures from the same specimen ; J mile N. of

Tutipet, Valudayur beds.

-Baculites vagina, Forbes.—a, side view ; b, ventral view;c, section

from the same specimen ; Rayapudupakam, Trigonoarca beds.

-Nautilus lamulicus, sp. nov.—Back view of a septum ; Kadaperi-

kupam ?, Nerinea beds.

-Nautilus lamulicus ; sp. nov.— Section ; Saidarampet, Nerinea beds.

-Belemniics sp. ( = Belemnites fibula, Forbes).—a, side view;*, sec

tion ; \ mile N. N. W. of Rautankupam, Trigonoarca beds.

Fig. S.—Pugnellus uncatus, Forbes.—Back view of a cast ; \ mile W. of

Rautankupam, Trigonoarca beds.

Fig. 2.

Fig. 3--

Fig. 4-'

Fig. S-

Fig.

Fig.

6.-

Plate VII.

Fig. i.—Nautilus lamulicus, sp. nov.—Side view; Saidarampet, Nerinea

beds.

Fig. 2.— Volulilithes muricata, Forbes.—Front view ; \ mile W. of Rautan

kupam, Trigonoarca beds.

Fig. j.—Gosavia indica, Stoliczka.—a, front view; b, back view; \ mile N. N.

E. of Rautankupam, Valudayur beds.

Fig. 4.—Euptycha larvata, Stoliczka.—a, front view; b, back view; Raya

pudupakam, Trigonoarca beds.

Fig. 5.—Cerilhium karasurense, sp. nov.—a, front view ; b, back view of the

last whorl ; Karasur, Trigonoarca beds.

Fig. 6.—Cerilhium cf. karasurense, sp, nov.—a, back view ; b, section of

another specimen ; Saidarampet, Nerinea beds.

Fig. 7.—Nerinea sp.—Section of a whorl ; 1^ mile S. S. E. of Valudayur,

Nerinea beds.

Plate VIII.

Fig. 1.—Nerinea sp.—Front view, natural size; i\ milfeS. S. E. of Valudayur,

Nerinea beds.

Fig. a.—Trichatropis aff. konnicki, Mailer.—a, back view ; b, front view ;

\ mile W. S. W. of Tutipet, Trigonoarca beds.

Fig. 3.—Turrilella warthi, sp. nov.—a, back view enlarged ; 6, fragment from

the same locality ; £ mile N. of Tutipet, Valudayur beds.

Fig. 4.—Trochus arcotensis, Forbes.—a, top;*, basal; c, side view; N. N.

W. of Tutipet, Valudayur beds.
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Fig, 5.— 1 einostoma cretaceum, Orb.—a, top ; b, basal ; c, side view; \ mile

N. of Tutipet, Valudayur beds.

Fig. 6.—Bullina crelacea, Orb.—a, front view ; b, back view ; \ mile N. of

Tutipet, Valudayur beds.

Fig. 7.—Bullina sp.—a, front view ; 6, back view ; 1 mile N. N. W. of Tutipet

Valudayur beds.

Fig. 8.—Denlalium crassulum, Stol.—a, side view ; b, section ; 1 mile N. N.

W. of Tutipet, Valudayur beds.

Fig. 9-—Pholadomya lucerna, Forbes.—Side view ; \ mile W. S. W. of

Tutipet, Trigonoarca beds.

Fig 10.—Pholadomya lucerna, Forbes.—a, side view ; b, umbonal view ; 1 mile

S. S. E. cf Pulichapalaam, lower Valudayur beds.

Plate IX.

Fig. 1.—Trigonoarca galdrina, Orb.—a, side view ; b, inner view ; 1 mile

N. N. W. of Tutipet, Valudayur beds.

Fig. 2.—Trigonoarca galdrina. Orb.—Side view ; Jjmile W. S. W. of Tutipet,

Trigonoarca beds.

F'i- 3-—Trigonoarca galdrina, Orb.—a, side view; b, inner view; 1 mile N.

of Saidarampet, Trigonoarca beds.

Fig. 4.— Siliqua lima/a, Stol.—Side view; 1 mile E. S. E. of Pulichapalam,

lower Valudayur beds.

Fig. j.—Siliqua lima/a, Stol.—Side view ; 5 mile N. of Tutipet, Valudayur

beds.

Fig. 6.—Hippagus cemilianus, Stol.—a, side view ; b, front view of a cast ;

£ mile W. of Rautankupam, Trigonoarca beds.

F'g- 7-—Baroda elicita, Stol.—Side view ; 1 mile E. S. E. of Pulichapalaam,

lower Valudayur beds.

Fig . 8.—Pharella delicatula, Stol.—Side view ; f miles S. E. of Wottai, Valu

dayur beds.

F'g- 9-— Cyprina cristata, Stol.—Side view; \ mile W. of Rautankupam,

Trigonoarca beds.

Fig. 10.—Spondylus lamellosus, sp. nov.—a, side view; b, back view; Saida

rampet ?, Trigonoarca beds.

Fig. 11.—Corbula parsura, Stol.—a, side view; b, umbonal view; | mile N.

of Tutipet, Valudayur beds.

Fig. 12.—Tcllina forbesiana, sp. nov.—a, side view ; b, umbonal region, en

larged ; c, umbonal view; 1 mile N. N. W. of Tutipet, Valudayur

beds.

Fig. 1j.—Tellina pondicherrensis, Forbes.—Side view ; \ mile N. of Tutipet,

Valudayur beds.

Fig. 14.—Tellina pondicherrensis, Forbes.—a, side view ; b, umbonal view ; \

mile N. of Tutipet, Valudayur beds.

Plate X.

Fig. 1.—PlicaMa septemcostata, Forbes.—a, lower valve ; b, upper valve; J

mile W. S. W. of Tutipet, Trigonoarca beds.
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Fig. 2.—Spondylus ariyalurensis, Stol.—a, side view ; b, back view; \ mile

W. S. W. of Tutipet, Trigonoarca beds.

Fig. 3.—Terebralula biplicata, Sow.—a, b, e, different views ; } mile W. of

Rautankupam, Trigonoarca beds.

Fig. 4.—Terebralula arabilis, Forbes.— a, b, c, d, different views ; e, part of the

test enlarged; f. section through the test enlarged; f mile W. of

Rautankupam, Trigonoarca beds.

Fig. 3.—Hemiaster lamulicus, n. sp.— a, !', c, d, four views of a perfect specimen

natural size ; \ mile W. of Rautankupam, Trigonoarca beds.

lig. 6.—Hemiaster pullus, Stol.—a, b, c, d, four views of a perfect specimen ;

J mile W. of Rautankupam, Trigonoarca beds.

Fig, j—Serpulafiliformis, Sow.—Natural size ; J mile N. W. of Tutipet,

Valudayur beds.

Fig. 8.— Orbiloides sp.—Vertical (median) section; Saidarampet, Nerinea

beds.

jt,gm p.—Orbiloides sp.—Vertical section ; 1 J mile S.S.E. of Valudayur, Nerinea

beds.

Fig. to.—Orbiloides sp.—Horizontal (median) section ; ij mile S.S.E Of

Valudayur, Nerinea beds.

Figs, it, 12.—Amphistcgina sp. ?—Vertical and horizontal section of different

specimens; i\ mile S. S. E. of Valudayur, Nerinea beds.

Notes from the Geological Survey of India.

The occurrence of two minerals, previously unknown in India, may be recorded.

Aluminitefrom the Salt Range.—The first of these, aluminite, occurs in veins

in the shale underlying the coal seam at Chittidand in the Salt Range and was

collected by Dr. Warth in 1886. It has a chalky appearance, but under the micro

scope is seen to consist of small moncclinic crystals. The hardness is between

degrees 1 and 2 of Moh's scale, and the sp. gr. is 1707, being rather high on

account of small quantities of admixed iron. A portion of the mineral, freed as

much as possible from iron, was analysed by Mr. Hayden and found to have the

following composition :—

At, O, 30-08 per cent.

SO, 23-63 „

H, O 4644 „

CaO 1 • trace.

ZiO

Fe, O, „

100M5

hus indicating the formula A1,03, SO,, oH, O.

Altaitefrom Upper Burma,—The occurrence of altaite in the Choukpazat gold
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mine, Wuntho, Upper Burma, is of greater interest, as it is the first recorded occur

rence of a telluride in India. Found as small specks in quartz associated with free

gold and auriferous pyrites, it was first identified by Professor H. Louis,1 and an

analysis subsequently made in the laboratory of the Geological Survey confirmed

the identification.

Petroleum in Vppir Burma.—The survey of the Yenangyat oilfield has shown

that besides the exposure of pliocene beds, already being exploited, at Yenangyat

there are two other exposures along the same anticlinal which may be regarded as

future oilfields. One of these lies south of the Irawadi, to the south of Singu, in

block 58N of the Yenangyoung oilfields survey. The other lies to the north of

Yenangyat and extends from the north part of block 4 of the Yenangyat oilfields

survey to about 6 miles north of the limit of this survey. This exposure is larger

and beds of miocene age (Prome stage) crop out along the axis of the anticlinal,

the first oil sand of the Yenangyat borings being exposed at the surface. At one

place the hill is reported to have been on fire last year, the flames being about 3

feet high.

Mud-Volcano in Tipperah.—On 17th March some specimens of mud were re

ceived through the Director of Land Records and Agriculture, Bengal, from Mr.

F. G. Cumming, Settlement Officer of Chakla Roshnabad, said to have been taken

from " a place on the borders of the District of Tipperah, where there is at present

a tiny volcanic eruption." In the same letter it is stated that the villagers said that

"about thirty years ago there was a similar manifestation; and that a mound was

made over the spot. All that is now visible is a flame about 6 inches high issuing

from a hole in the centre of this mound, which is about five feet above the surround

ing lands, which are rice fields but quite close to the frontier hills."

The dried mud sent with this letter was of the same type as that thrown out by

the mud-volcanoes of Arracan and Minbu, and Mr. Cumming's account left no room

for doubt that he had discovered a small mud-volcano or salse in a previously un

recorded locality. In reply to an enquiry for more precise information as to the

site, Mr. Cumming reports that it is "in the centre of cultivated land at the foot of

the Tipperah hills on the eastern boundary of Tipperah district, and 16 miles due

north of the sadar station Comilla. The site of the little eruption is in -a village

called Ballabpur, and is, as far asl can calculate, in 91° 15' 30* east longitude and

23° 4°' 3°" north latitude. This village is not marked on the four miles to the inch

district map of Tipperah, but the adjoining village Horepur is."

1 Trans. Fed. Inst. Min. Eng., XII, 513, (1S97).

J
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transmission of about 10,000 feet per second or over 112 miles per minute. This

result indicates the order of magnitude of the figures we have to deal with, tho gh

it cannot be accepted as final, or more than very approximate. The prevalent idea

of the simultaneousness of the shock is disproved by a quaint report by the

telegraph master of Chupra, who relates that he was working Durbhunga when

there was suddenly a stoppage due to the earthquake at Durbhunga, and the

signaller leaving the instrument there, and immediately afterwards the earth

quake was felt by him. According to the daily papers a similar incident took

place at Dhubri, which was at the time in communication with Goalpara.

Beyond the area over which the earthquake was felt its effects were traced

instrumentally at Bombay, where the instruments in the magnetic observatory

were affected by a disturbance commencing between four and five minutes past

four, local time, or 16 h. 34 m. Madras time, that is, 6 minutes later than the

shock was felt at Calcutta, and about 9 minutes after the probable time at which

the shock started on its way from the place of origin, somewhere below the Garo

or Khasia hills.

The effects of the shock are said to have been traced at Grenoble ; and at Edin

burgh a letter from Mr. Heath, Assistant Astronomer, to Nature, gives the time at

which the tremors were first felt as June nth, 23 h. 18 m. G. M. T. ; they lasted

about 10 minutes and then ceased, and violent oscillation again set in at o h. 32 m.

G. M. T. of 13th June and continued up to 1 h. 12 m. They were equivalent to a

tilting of the ground through 20 seconds of arc. Greenwich mean time June ntb,

23 h. 18 m. (astronomical) corresponds to Madras time 16 h. 39 m. of 12th June,

(civil) ; o h. 32 m. G. M. T. of 13th June corresponds to Madras time 17 h. 53 m.

of 12th June. If both these sets of tremors were due to the same earthquake the

first must have travelled the distance from the origin to Edinburgh, starting at about

16 h. 25 m. Madras time, in 14 minutes, the other in 1 h. 28 m.

These few notes form no adequate account of the earthquake ; this is in

preparation, but the collection and discussion of the information will take some time.

Meanwhile what has been written will serve to show the order of magnitude of the

cataclysm of 12th June 1897, an earthquake unsurpassed by any since the great

Lisbon earthquake of 1st November 1755, ar»d rivalling this in magnitude of the

area over which it was felt, surpassing it indeed if we exclude the doubtful records

of the earlier shock.

31stJuly 1897. R. D. OLDHAM.



Part 3.—On the geological features of the northern part of Madura district, the Pudukota

State, and the southern parts of the Tanjore and Tricbinopoly 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 of

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. XIII, 1880.

Part 1.—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 the fossil genera Noggerathia, Stbg., Noggerathiop-

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 vol

canic foci of eruption in the Konkan.

Fart a.—Geological notes. Palaeontological 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. Palae

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 an^ •" 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 on 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.

lart 1.—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 Siwalilr 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 ' Palaeontological note9 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.

fart a.—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 cobaltiteand danaitefrom the Khetri mines, Rajputana; with some remark's

on Jaipurite (Syepoorite). On the occurrence of zinc ore (Smithsonite and Blende) with

barytes, in the Karnul district, Madras. Notice of a mud eruption in the island of Cheduba

I'mt 3.—Artesian borings in India. On oligptlase 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 hills in the collec

tion of the British Museum.

I art 4.—Remarks on the unification of geologjcal 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 Dalhonsie to Pangi nii the Sach Pass. On the South Rewah Gondwana basin.

Submerged forest on Bombay Island.

Vol. XV, 1882. .

.'art 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 Dalhousie, 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 Vongri hill, in the Dar-

jiling 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-

6eld, 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 ».—General sketch of the geology of the Travancore State. The Warkilli bedi 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 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 mud

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 on the

Kistna.

Vol. XVI, 1883.

Part l.—Annual report for 1882. On the genus Richthofenia, Kays (Anomia Lawrenciaoa,

Koninck). On the geology of South Travancore. On the geology of Chamba. On the

basalts of Bombay.

Part 2.—Synopsis of the fossil vertebrata of India. OntheBijori Labyrinthodont. On a skull of

Hippotherium antilopinum. On the iron ores, and subsidiary materials for the manufacture

of iron, in the north-eastern part of the Jabalpur district. On laterile and other mangan

ese ore occurring at Gosulpore, Jabalpur district. Further notes on the Umaria coal-field.

Part 3.—On the microscopic structure of some 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 Sylhet-

Part 4.— Palasontological 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

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 1.—Annual report for 1883. Considerations on the smooth-water anchorages or mad

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 Sthunta parganat

of Chamba. On the occurrence of the genus Lyttonia, Waagen, in the Kuling series of

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. On

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 intertrappe.it.

beds in the Deccan and the Laramie group in western North America.

Part 3.—On the microscopic structure of some Arvali rocks. Section along the Indus froiu the

Peshawar Valley to the Salt-range. On the selection of sites for borings in the Raigarh.

Hingir coal-field (first notice). Note on lignite near Raipore, Central Provinces. The Tur

quoise mines of Nishapflr, Khorassan. Notice of a further fiery eruption from the Minbyin

mud volcano of Cheduba Island, Arakan. Report on the Langrin 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 slates and schists imbedded in the gneissose granite and granite of the North

west Himalayas. On the geology of the Takht-i-Suleiman. On the smooth-water anchor

ages of the Travancore coast. On auriferous sands of the Subansiri 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 sketch of the country between the Singareni coal-field and Hy

derabad. On coal and limestone in the Doigrung river, near Golagbat, Assam. Homo-

taxis, as illustrated from Indian formations. Afghan field-notes.

Part ».—A foeslliferous series in the Lower Himalaya, Garhwal. On the probable ago of the

Mandhali series in the Lower Himalaya. On a second species of Siwalik camel (Camelus

Antiquus, nobis ex Fale. 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*

scores ,



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 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 by 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 Amphibolites 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 1.—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 3.—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—to

accompany a geological sketch map of Afghanistan and North-eastern Khorassan. On

the microscopic structure of some specimens of the Rajmahal and Oeccan 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. Mushketoff's 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

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.

Part j.—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 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.

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 rocks of the

districts of Raipur and Balaghat, Central Provinces. On the Sangar Marg and Mehowgale

coal-fields, Kashmir.

Pert 3.—The Manganese Iron and Manganese Ores of Jabalpot . ' The Carboniferous Glacial

Period.' The sequence and correlation of the pre-tertiary sedimentary formations of the

Simla region of the Lower Himalayas.

Part 4.—On Indian fossil vertebrates. On the geology of the North-west Himalayas. On

blown-sand rock sculpture. Re-discovery of Nummulites in Zar.skar. On some mica-

traps from Barakar and Raniganj.

 



 

Vol. XXII, i88g.

Part I.—Annual report for 1888. The Dharwar System, the chief auriferous rock-series in

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 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 Siwahk and Narbada Chelonia.

Part 2.—Note on Indian Steatite. Distorted pebbles in the Siwalik 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 Neha/ 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 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 Cobaltiferons

Matt from NepSl. 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 Manganiferoua

Iron and Manganese Ores of Jabalpur. On some Palagonite-bearing raps of the Riimahal

hills and Deccan. On tin-smelting in the Malay Penirisula. Provisional index of the local

distribution of important minerals miscellaneous minerals, gemstones, and quarry stones

in the Indian Empire. Part I.

Vol. XXIU, 1890.

Part t.—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 the 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-ran^e. On the mud-banks of the Travancore coast.

Part 3.—On the most favourable sites for Petroleum explorations in the Harnai district, Baluch

istan. 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 Syringosphseridse, with remarks upon

their structures, &c.

Part 3.—On the Geology and Economic Resources of the Country adjoining the Sind-Pishin

Railway between Sharigh and Spintangi, and of the country between it and Khattan

(with a map). Report of a Journey through India in the winter of 18S8-89, by Dr.

Johannes Walther, translated from the German, by R. Bruce Foote. On the Coal-fields

of Lairungao, Maosandram, and Mao-be-lsr-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. 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 Darjiling Coal between the Lisu ar.d the Ramthi rivers, explored during season

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, Haxara

(with two plates).

Vol. XXIV, 1891.

Parti.—Annual report for 1890. On the Geology of the Salt-range of the Punjab, 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, Punjab.

Parts.—Preliminary Report on the Oil locality near Moghal Kot, in the Sherini 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 Namsfeka Ruby-mine in the Maingl6n State. Note on the Tourmaline (Schorl)

Mines in the Mainglon State. Note on a Salt-spring near Bawgyo, Thibaw State.

Part 3.— Boring Exploration in tht Daltongunj Coal-field, Palamora (with a map). Death of

Dr. P- Martin Duncan. Contributions to the study of the Pyroxenic varieties of Gneiss

and of the Scapolltc-bearing Rocks.

Part 4.—On a Collection of Mammalian Bones from Mongolia. Further note on the

Darjiling 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 1.— Annual report for 1891. Report on the Geology 0/ Thai Chotidli and part of the

Mari country (with a map and 5 plates). Penological Notes on the Boulder-bed of the

Salt-range, Punjab, Subrecent and Recent Deposits of the valley plains of Quetta,

Pishin and the Dasht-i-Bedaolat; aith appendices on the Chamans of Quetta; hmc

Artesian water-supply of Quetta and Pishin (with one plate).



 

Part 3.- Geology of the Sated Koh (with a 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 resourct ;>iber and Jade mines

area in Upper Burma. Preliminary Report on the Iron-Ores and Iron-Industries cf

!em District. On the Occurrence 0/ Riebeckite i» India. Coal on the Great Tenass-

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 1.—Annual report for 1892. Notes on the Central Himalayas (wilh map and plate).

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,

:ui District, 1891-92.

Part 3.—Notes on the earthquake in Baluchistan 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 (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 of 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 3 plates). Notes on the Geology of a pari 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. Ok His-

lopite (Haughton) (with a plate).

Vol. XXVII, 1894.

Part /.—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

Gobna Landslip, Garhwal (with 5 plates and 2 maps).

Part 3.—On the Cambrian Formation of the Eastern Salt-range (with a plate). The Giridih

(Karharbari) Coal-field, with notes on the labour and methods of working (with 2 maps

tes of sections). On the Occurrence of Chipped (?) Flints in -ene

of Burma (with a plate). Note on the Occurrence of Velates Schmideliana, Chemn.,

and Provelates grandis, Sow. sp^ in the Tertiary Formation of India and Burma (with

3 plates).

Part 4.—Note on the Geology of Wuntho in Upper Burma (with a map). Preliminary

ice on the Echinoids from the Upper Cretaceous System of Baluchistan. On Highly

tic Mica-Peridotites intrusive in the Lower Gondwaoa Rocks of Bengal. On a

Mica-Hypersthene-Hornblende-Peridotite in Bengal.

Vol. XXVIII, 1895.

Part I.—Annual report for 1894. Cretaceous Formation of Pondicherry. Some early allu

sions to Barren Island; with a few remarks thereon. Bibliography of Barren Island and

1 m, from 1884 to 1894; wilh some remarks,

—On the importance of Cretaceous Rocks of Southern India in estimating the geo

graphical conditions during later cretaceous times. Report on the Experimental Boring

for Petroleum at Suikur,from October 1803 to March 1805. The development and Sub

division of the Tertiary system in Burma.

Patt 3,—On the Jadeite and other rocks, from Tammaw in Upper Burma. Ok the Geology of

the Tochi Valley. On the existence of Lower Gondwanas in Argentina.

Port 4.—Ob the Igneous Rocks of the Giridih (Kurhurbaree) Coal-field and their Contact

Effects, On Some outliers of the Vindhyan system south of the Sone and their relation

to the so-called Lower Vindhyans. Notes on a portion of the Lower Vindhyan area of the

Sone Valley. Note on Dr. Fritz Noetling's paper on the Tertiary system in Burma, in

the Records of the Geological Survey of India for iSqs, Part 2.

Vol. XXIX, 1896.

Part 1.—Annual report for 1895. On the Acicular inclusioni in Indian Garnets. On the

Oiigin and Growth of Garnets and of their Micropegmalitic intergrowths in Pytoxenic

rocks (with I plate).

Part 2.— Notes on the Ultra-basic rocks and derived minerals of the Chalk (Magnesite) hills,

and other localities near Salem, Madras (with 2—6 plates). Preliminary notes on some

Corundum localities in lite Salem and Coimbatore districts, Madras (with 7—9 plates).

On the occurrence of Corundum and Kyanite in the Manbhum district, Bengal. On

papers by Dr. Kossm.Vt and Dr. Kurtz, and on the ancient Geography of

" Gond-mana-land" Notefrom the Geological Survey of India.

Part 3.—On tome Igneous Rocks from the Tochi Valley. Notes from the Geological Survey

of India.

■ —Report on the Steatite mines, Minba District, Burma. Further notes on the Lower

1 (Sub-Kaimur) area of the Sone Valley, Rewah. Notes from the Geological Sur-

dia.

Vol. XXX, 1897

Parti.—Ar 1S96. Ok some Norite and associated Basic Dykes and Lava-

India (with Plates 1 to II). The reference of the genus Vertebraria.

•.h part ot the rhisome attached, and on the struc;

111 to V).
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tistics.—Coal.—Shillong Plateau. Pt. 2, 1870 (price 1 Re.)

field—Deoghar Coal-field. Pt. 3, 1871 (priee 1 Re.): Aden v,

Karanpura Coal-fields.

Vol. VIII Royal 8vo, pp. 353. Pt. 1,1872 (price 4 Rs.): On the Kadapah and

Formations in the Madras Presidency. Pt. 2, 1872 (price 1 Re.): Itbburi I

field.— Daltonganj Coal-field.—Chope Coal-field.

Vol. IX. Royal 8vo, pp. iv, 358. Pt. I, 1872 (price 4 Rs.) : Geology of Kutch.

(price 1 Re.) : Geology of Nagpur.—Geology of Sirban Hill.—Carbon:;

Ammonites, pp. 65.

Vol. X. Royal 8vo, pp. 359. Pt. 1 (price 3 Ra.) : Geology of Madras.—Sitp-jn

basin. Pt. 2, 1874 (price 2 Rs.) : Geology of Pegu.
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Vol. XIV. Royal 8vo, pp. 313, 1878. Geology of the Salt-range in the Pun

Vol. XV. Royal 8vo, pp. 192. Pt. I, 1878 (price 2 Rs. 8 As.): Geo!"

Hutar Coal-fields (Palamow). Pt. 2, 1880 (price 2 Rs. 8 As.) ; Ram:

Tatapani Coal-fields (Sirguja).

Vol. XVI. Royal 8vo, pp. 264. Pt. 1, 1879 (price 1 Re. 8 As.): Geology oi

from Lat. 15° to Masulipatam. Pt. 2, 1880 (price 1 R
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Vol. XVIII. Royal 8vo, pp. 300. Pt. 1. 1881 (price 2 Rs.) : Southern Ai
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Vol. XXIII. Royal 8vo, pp. 232, 1891. Geology of the Central Himalayas.
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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 Bundelkund. Meteorites.

Part 3.—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. Meteor

Part 3.—General results obtained from an examination of the gastropodous fauna of the

Indian cretaceous deposits. Notes on route from Poona to Nagpur vid Ahmednu^

Jalna, Loonar, Yeotmahal, Mangali, and Hingunghat. On the agate-flake found b;

Wynne in the pliocene (V) deposits of the Upper Godavery. The boundary of the Vin-

dhyan series in Rajputana. Meteorites.

Vol. II, 1869.

Part /.—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 Singbhoom, &c. 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 Kutch, 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. Mineral?

ogical statistics of Kumaon division. The coal-Geld near Chanda. Lead in the Raipm

■ct. Meteorites.

Vol. Ill, 1870.

Part /.—Annual report for 1869. On the geology of the neighbourhood of Madras. On the

j vial deposits of the Irrawadi, more particularly as contrasted with those of the Ganges.

Part 2.—Geology of Gwalior and vicinity. On the slates at Chiteli, Kumaon. On the lead

vein near Chicholi, Raipur district. The Wardha river coal-6eIds, Berar and Central

Provinces. Report on the coal at Korba in the Bilaspur district.



Part $.—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 RawaJ-

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 Dalbhurn

andSingbhum: 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 3.—The axial group in Western Prorae. 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-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.

Part 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\2.—On the geological formations seen along the coasts of Beluchiatan 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 J.—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 /.-Annual report for 187a. The geology of the North-West Provinces.

Part 2.—The Bisrampur coal-field. Mineralogical notes on the gneiss of South Mirxapur 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 /.—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 2 -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. ... .«.#....« •_■ tu- «. n
Part 7 —Geological observations made on a visit to the Chaderkul, 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 Ram-

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 /.—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 3 (out of print).*—On the gold-fields of south-east vVynaad, 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 coai 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.

Vol. IX, 1876.

Part 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 forms.

Note upon the Sub-Himalayan series in the Jamu (Jumraoo) 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

faunae of India and Burma.

Part 4.—On the age of some fossil floras in India. On the osteology of Merycopotamus dis-

similis. Addenda and Corrigenda to paper on tertiary mammalia. Occurrence of

Plesiosaurus in India. 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 Nameho lake,

Tibet, about 7S miles north of Lhassa. On Estheria in the Gondwana formation. Notices

of new and other vertebrata 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 3.—On the rocks of the Lower Godavari. Onthe'Atgarh Sandstones' near Cuttack.

Or fossil floras in India. Notices of new or rare mammals from the Siwaliks. On the

Arvali seriesin 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 or

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 Sambalpur district. Note on ' Eryon Comp. 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 tbe North-west Punjab. Note on the genera Chceromeryx 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 palaeontological 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 /.—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 (Arakan). On Braunite, with Rhodonite,

from near Nagpur, Central Provinces. Palaeontological notes from the Satpura coal-basin.

Statistics of coal importations into India.

Part 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 Kurrani

at Thai on tbe Afghan frontier. Further notes on the geology of the Upper Punjab.
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Part 4. 1 897» November.

On Nemalite/rp/w Afghanistan : by F. R. Mallet, late Superintendent,

Geological Survey of India*1.

i

In 1887, when I was in charge of the Geological Survey laboratory, a speci

men of a mineral recently discovered in Afghanistan, was sent by the British Agent

at Kabul, with a request for information as to its nature and value. A few quali

tative tests sufficed to show that it was nemalite. A quantitative analysis was

subsequently made by Mr. T. Blyth, which is published in the fourth part of the

Manual of the Geology of India, page 161. As it seemed possible that the

mineral might be capable of some useful application if plentiful, and it was, in any

case, of mineralogical interest, a request was made to the Agent for further informa

tion about it, including locality where it was found ; and for additional specimens.

The information asked for did not appear to be procurable, )pi\ a box full of the

mineral, containing, as far as I remember, about 100 lbs. of the stJbstance, was sent

to the Geological Museum. When retiring from India in 1889, amongst a few

specimens of Indian minerals which, with the permission of the then Director of the

Survey, Dr. King, I brought to England in the hope of being able to examine them

at some future time, was a picked sample of the nemalite in question. It is how

ever, only recently that circumstances have allowed my making a commencement

of such work, by an examination of the mineral I have alluded to.

The specimens sent were all very similar to each other in outward appearance,

but differed more or less in the amount of alteration they had undergone, which

could be roughly judged by eye through variations in colour and translucency.

The sample, I selected, was one of those which appeared to have undergone the

least change.

It consists of a mass of straight, very fine, highly flexible and elastic, easily separ

able fibres eight inches long, which seem clearly to have formed part of a vein.

Some particles of serpentine, adherent to one end/sf the specimen, indicate that the

rock in which brucite has generally been found elsewhere is the probable matrix

in Afghanistan also. The ends of the specimen show that the fibres were not

perpendicular to the walls of the vein, as is more usually the case with fibrous

minerals, "but made an angle with the walls of about 200 (or >6o°).

Whether this was due to a local twist in the direction of the walls at the spot from

1 Reprinted from the Mineralogical Magazine, Vol. X, No. 52, pp. 211—214.
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which the specimen was taken, or is common to the whole vein, I do not know1.

Both ends of the specimen show very obvious signs of chemical alteration, but tie

central part, for about five inches, is, to all outward appearance, both to the naked

eye and under the microscope, perfectly fresh; and that it has not undergone

any considerable change is shown by the absence of both carbonic acid and

ferric oxide. The sample used for examination was of course taken from this

central portion.

Transverse to the direction of the fibres the colour by reflected light is sea-green

with a silky lustre : by transmitted light pale to dark sea-green according to the

thickness of the specimen ; the extreme red and the violet being the rays moist

strongly absorbed, together with the blue if the thickness be sufficiently great.

Looked at by transmitted light parallel to the direction of the fibres, the colour

is very similar. In a specimen an inch long the colour is sufficiently intensified to

approach a pale emerald green. The colour of the mineral is doubtless due;,

mainly at least, to the unusual ly large amount of ferrous oxide it contains. Neither

transverse nor parallel to the direction of the fibres is there any perceptible

dichroism.

A section perpendicular to the direction of the fibres s shows no dark cross

or rings in convergent polarised light ; in parallel light with crossed nicolsthe field

is rather brightly illuminated, and revolution of the nicols together does not alter

the illumination. A cylinder of the fibres, again, lying parallel to the stage of

the microscope, exhibits double refraction, and no alteration in the phenomenon is

observable during a revolution of the cylinder on its own axis. The axis of

greater optical elasticity is in the direction of the fibres. The above observations

are in consonance with the statement of Ldvy and Lacroix that in nemalite " les

fibres sont allongees wivant un des c6t£s de l'hexagone et negatives,"1 and with

the optically positive character of brucite, nemalite included. But they apparently

indicate that the vertical crystallographic axes, c, in the different fibres (which are

so minute that in a cross section they are individually quite invisible under the

microscope4), lie, not in parallelism with each other, but in varying directions in

the plane perpendicular to the cross section of the fibres.

The value obtained for the specific gravity, at 6o° F. is 2*454 ; a high result

which must be ascribed to the large amount of iron present.

The mineral gave on analysis (free from hygroscopic moisture) :—

Oxygen ratio. *

Magnesia . . . 62*00 24*58 ■>

Ferrous oxide . . 7-87 ,7S J*»*33« 1*003

Manganous oxide . . tr.

Water .... 29*55 26*24—1

Silica .... '38

99-80

A faint trace of lime was detected spectroscopically.

1 Prof. Hidden, who was present when this paper was read, remarked! that in the nemalite of

Hoboken, New Jersey, there is a similar obliquity between the direction of the fibres and that of the

walls of the vein.

"lam indebted to Professor J. W. Judd, C.B , for kindly having the section cut forme, and

also for se\eral references bearing on the subject of brucite.

' Les Miniraux des Roches, 1888, p. 612.

* With lii ear magnification of 180.

• Mg—24 36, Fc"»56*o, H = roo76.
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The only point in which the above figures differ noticeably from Mr. Blyth's

is in the smaller amount of iron. But the portion used in his analysis was from

a different specimen, obtained at a different time, and possibly from a different

part of the vein ; and more or less variance in the relative proportions of the

isomorphous oxides is what might be expected.

The silica is left undissolved by hydrochloric acid in the form of translucent

tangled fibres, which dissolve in a hot solution of sodium carbonate. They are

indistinguishable in appearance from the silicious fibres which remain when

chrysotile is decomposed by the same reagent. As nemalite and chrysotile are

both usually found under similar conditions—in the form of veins traversing ser

pentine—it seems not unnatural that the two allied magnesian fibrous minerals

should coexist, intimately mixed, in the same vein, and it appears not improbable

that such is the case in the substance under discussion.

If, then, the silica be regarded as a constituent of chrysotile, and to the latter

be assigned the theoretical composition of the mineral, with the magnesia and iron

in the same proportions, relatively to each other, as in the nemalite, the above

analysis will stand as follows:—

Chrysotile. Nemalite. Calculated to TOO. Oxygen ratio.

Magnesia . . '35 61-65 62-32
24-71 \ 26*47- ' "ool

1 -76)Ferrous oxide . '04 7-83 7-92

Manganous oxide. ... tr. tr.

Water . .Ml 30-44 29-76 26-43 -1

Silica . . '38

■88
os-oa lOO'OO

-

99-80

Granting the existence of the chrysotile, whether it should be regarded as formed

synchronously with the nemalite, or as present owing to one mineral having

been altered into the other, I do not know. As previously remarked, the substance

analysed showed no indication of change, unless the presence of silica be regarded

as such. On the other hand, a portion of the substance near the end of the

specimen, where it was obviously changed, contained 2-26 percent, of silica fibres =

5-28 per cent, of chrysotile, or six times as much as the portion analysed. But this

excess of silica was accompanied by the presence of carbonic acid and ferric oxide,

which might therefore perhaps be expected to accompany the smaller amount of

silica (38 per cent.) also, if the latter -were due to alteration of the nemalite ; and the

large percentage of silica may be caused merely by original unequal distribution

of chrysotile through the specimen.

Near the ends of the specimen the original green colour is changed to a light

hair-brown, the mineral still retaining its translucency, the alteration being due to

a very partial peroxidation of the iron. Beyond that again the fibres are white,

with a pale reddish tinge, and comparatively opaque. These (besides the silica

mentioned above) contain a considerable quantity of carbonic acid, owing to the

nemalite having been more or less fully converted into hydromagnesite ; and the

ferrous is .largely, or entirely, changed to ferric oxide. There is al so a certain

amount of non-fibrous, and scaly, or in part stellate -lamellar hydromagnesite on

the ends of the specimen, formed, apparently, by deposition on the nemalite, not

J
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by alteration in situ. This hydromagnesite encloses some magnetite, which may

perhaps be taken as representing part of the ferrous oxide of the nemalite (from

some other portion of the vein), from which the deposited hydromagnesite was

probably formed.

Fibres of the nemalite held in the zone of fusion of a Bunsen burner, shine

with the rather high luminescence of ignited magnesia. As they possess consider

able tenacity, as well as much flexibility, there is little doubt that it would be

possible to weave some kind of fabric from them, which might be used for incan

descent mantles. But in face of the superior luminosity of the materials already

employed, and the easier process of manufacture, there is little reason to anticipate

that such an application of the nemalite would be commercially profitable. And,

further, even were the use alluded to more promising, nothing is known at present

as to the quantity in which the mineral could be obtained.

»V

K

On a Quartz-barytes rock occurring in the Salem district, Madras Presi

dency. By T. H. HOLLAND, A.R.C.S., F.G.S., Officiating Superin

tendent, Geological Survey of India (with Plate XVIII).

When barytes occurs as one of the " spars" of compound mineral lodes, such,

for instance, as its common occurrence in galena lodes, the constituent minerals

generally present the " banded " and " comby " structure which is supposed to be

the result of successive deposition of minerals in a gradually widening fissure.

The same mineral also occurs infilling cavities in amygdaloidal traps, cavities

in fossils, fissures in limestones or sandstones, and often also as a cement binding

together the sand-grains in the latter rock—occurrences which suggest a secondary

origin for the mineral, and also point to its deposition by precipitation from

aqueous solutions. The concretionary nodules found in some clays, and amongst

the deep-sea deposits, are also formed by the chemical precipitation of barium

sulphate from solution in water.

2. But the occurrence of this mineral with quartz, forming a network of veiris,

such as have recently been discovered in the Salem district, appears to be unique in

character, and can hardly be explained by the theory applied to the commoner

occurrence of barytes in mineral lodes. About midway between Mittur and

Alangayam (lat. ia°38'; long. 7$>°A7') in the Tirupatur taluk, Salem district, tiro

low hills are found to be formed largely, and as far as could be seen 'in the

southern part of the western hill entirely, of a rock composed of quartz and

barytes, whilst numerous veins of the same material are found penetrating ttie

crystalline rocks in the neighbourhood.1 These veins are found stretching as far

'The valley in which the town of Alangayam lies separates the Yelagiri Hi Is, composed

principally of a porphyritic augite syenite, from the Javadi Hills, composed of gneissose rocks with

wh.ch beds of magnetic iron ore are found associated.
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as Alangayam, a distance of two miles north of the main plexus, and as far as

Andiyappanur, a distance of five miles southwards ; but in the latter instance the

outcrop is only traceable for a distance of half-a-mile in a N.E.—S.W. direction

on the south-eastern side of the village of Andiyappanur ; but as the main mass

of the rock lies to the north-east of Andiyappanur, that is, the direction of the

outcrop of the vein, it is more than probable that this vein is merely an offshoot

from the main mass south-west of Alangayam. its outcrop being covered by the

cultivated alluvium which extends over the intermediate area.

3. The prevailing rock of the area, through which the quartz-barytes rock is

injected as veins, is a pyroxenic gneiss, presenting a mottled appearance in hand-

specimens, and showing under the microscope a considerable advance towards the

change of the pyroxene into amphibole. But in addition to the gneiss, veins of the

quartz-barytes rock are found crossing dykes of microgramtic rocks, which, though

intruded before the injection of the quartz-barytes rock, must have been erupted

subsequently to the foliation of the gneiss. Although the actual contact has not

been observed, the quartz-barytes vein near Andiyappanur shows a continuous

outcrop across, and at right angles to, a very thick dyke of augite-dioi he, similar

to the common trap-dykes which in South India are generally regarded as the

representatives of the Cuddapah lava-flows {Rec. G. S. /., Vol. XXX, p. 16).

It is probable, therefore, that the quartz-barytes rock is younger than this

trap.

4 The veins of quartz-barytes rock vary in thickness from mere strings to

dyke-like masses several feet across, and the fissures which they occupy instead of

lying within a few degrees of the vertical, as is commonly the case with undis

turbed trap-dykes, are found with their flat surfaces lying at all angles to the

horizon.

5. But the size of the veins seems to have no recognisable connection with the

sizes of the crystals composing them ; even in the thin strings thebarytes forms large

crystals, and on this account, as much as on account of the colour of the minerals,

the rock presents a most remarkable resemblance to an acid pegmatite when first

seen in the field. The barytes crystals are scattered through the quartz in a most

irregular manner ; there is no parallel disposition with regard to the sides of the

vein, and no trace of the " comby " structure which so often characterizes mineral

lodes. There is, in fact, no reason for supposing that the conditions under which

this material was injected into the veins, were essentially different to those under

which the material, when of a different chemical composition, crystallizes as a

pegmatite. The distances to which some of the veins are found to extend, and

their uniformity of composition throughout, show that the substance originally

injected must have been in a fluid state. The idiomorphic outlines presented

by the barytes, and the complete absence of any other mineral after which it

might possibly be pseudomorphous, point to its occurrence as a primary constituent.

We conclude, therefore, that, whatever may have been the conditions of tem

perature under which it was injected, this peculiar rock has been formed by the

consolidation of a mobile magma from which quartz and barytes separated as the

principal results of its primary crystallization.

6. The veins of this rock are made up principally of quartz and barytes,

with which there occur very much smaller quantities of galena, pyrite, ilmenite
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hematite and limonite, the last-named two minerals occurring with a dirty clay in

the decomposed specimens.

To form an estimate of the relative proportions of quartz and barytes, the two

main constituents, 60 specimens were determined by Mohr's specific gravity method

by Mr. T. R. Blyth, under Mr. H. H. Hayden's superintendence. The results were

as follows :—

Number of pieces

used.
Weight in grammes.

Water displaced in

cubic centimetres.

A 3799-05 986-30

rs 1851*10 44615

c 1606-45 55590

D 1650-59 5«5-54

E 1 392 "93 465">5

F '■56-45 34>'30

G »S 884-01 261-00

H 6 6o5'79 227-00

1 4 815-05 399-00

J 3 964-99 317-00

K 2 5*9'09 189-00

L 2 633-38 235-00

M a 733'*' 334*00

N 2 58131 302-00

O 475-'8 180-00

P 671-85 245-00

Q 826-73 287-00

R 7" '55
271-00

S 739-80 267*00

T 589-82 208-00

U 475-58 164-00

V 564*36 l8>'oo

Total 21268*29 7078*34

The average specific gravity 0 [ the rock is thus —

2126829

— 3 °°5

7078-34

Knowing then the specific gravity of the rock to be 3'oos, and that of its two
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principal constituents to be 2^65 and 4*30 respectively, the percentage composi

tion of the rock can be determined as follows :—

Taking x to be the percentage proportion of quart*, (100—x) must be that of

barytes, then—

100

from which x is found to be 60/2. The percentage composition of the rock

is thus—

Quartz ..... 69*2

Barytes ..... 3<v8

ioo-o

This result confirms our decision in rejecting the theory of pseudomorphism

after felspar which was considered in paragraph 5 ; for the proportion of quartz to

felspar in pegmatite, at least in the graphic varieties, is quite different (cf. Teall,

British Petrography, p. 402).

In view of the presence of the accessory minerals mentioned in paragraph 16,

a special test for gold was made by Mr. Blyth, with the result that 19 lbs. of the

rock yielded gold in the proportion of 13 grains to the ton. Although this is of

course well below a profitable minimum, the area seems quite worth further

testing on a larger scale.

Quartz.

7. The natural colour of the quartz varies from white to grey—the colours of

the common vein quartz frequently found in the neighbourhood of intrusive rocks.

The true colour of the quartz is, however, generally masked by ferruginous stains

produced be rusty infiltrations along the cracks, which are sufficiently numerous to

render all specimens of the rock easily friable.

8. Microscopic sections show the quartz to be composed of an aggregate of

irregularly interlocking crystals, which are very variable in size, sometimes an

inch or two across, and at other times quite microscopic. The white and grey

colours, as well as the imperfect transparency of the quartz, are evidently due to

the innumerable microscopic cavities seen in section. These cavities are often

arranged in bands, and are sometimes filled with liquids containing bubbles. In

one specimen of quartz, which was distinctly blue in colour, small zircons and

long, hair-like inclusions were abundant. The resemblance of this quartz to that

which is found so abundantly in the charnockite series of the same district,

suggests the foreign origin of this particular piece, although no further in

stances of included older rocks have been found.

Barytes.

9. The barytes occurs as crystals often measuring 2 or 3 inches across, which

generally form groups of several individuals. The junction surfaces between the

barytes and the quartz often agree with crystal faces of the former mineral. Thus

indicating that the period of crystallization of the barytes was on an average in

advance of that of the quartz.

10. When transparent the colour of the crystals varies from grey to pink, and

.
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in thin cleavage plates they are colourless ; but most of the crystals are disfignred

by irregular, cream-coloured patches which are nearly opaque. These patches give

the crystals a remarkable resemblance to kaolinized orthoclase when first seen in

the field. One specimen showed a zonal disposition of black inclusions.

it. The basal and thj prismatic cleavages are perfectly displayed in every

piece, whilst thin sections cut parallel to the basal plane show an additional, but

noticeably less perfect, cleavage parallel to the brachypinacoid (oio). Several

determinations made on a basal section gave an average of 78° 30' and ioi°3o'

as the angles between the prismatic cleavage cracks.

12. The perfect display of cleavage cracks facilitates the preparation of sections

parallel to the pinacoidal faces for the purpose of examining the optical characters.

Sections cut parallel to the macropinacoid (100), that is, at right angles to the

basal plane and bisecting the acute angles of the prismatic cleavage cracks, show

the biaxial figure in convergent polarised light, from which the positive character

of the double refraction is easily proved, whilst the optic axial angle is seen to be

small. The line joining the optic axes in these sections lies at right angles to the

basal cleavage cracks, consequently the optic axial plane must be parallel to the

brachypinacoid (010). The optical scheme is thus—

a = c

b <m k

e = a

which is confirmed by using the quartz wedge on the basal and brachypinacoidal

sections.

One of the most interesting features in connection with these sections is the

remarkable difference between the colours displayed by the macropinacoidal and

those shown by the other pinacoidal sections between crossed nicols. Thin

sections cut parallel to the macropinacoid show extremely low colours, as low in

fact as the grey, whilst sections of the same thickness cut parallel to the other

pinacoids polarise with reds and blues of the first order. This interesting pheno

menon is evidently due to the fact that there is a much smaller difference between

the maximum and the mean than between the mean and the minimum coefficients

of elasticity, or, which is the same thing, the refractive indices a and B approach

one another very closely—a fact which finds expression in the narrowness

of the optic axial angle. The values of the refractive indices for the D line given

by Dana1 after Arzruni are :—

a s= 1 -63609

8 - 1-63712

y = "64795

We have therefore—

&—a«:-ooio3; y—/3= -01083, and y—a— -01186

Whilst, therefore, the basal sections, containing y and /3, and the brachypinacoidal

sections, containing y and a, show comparatively high double refraction, higher

indeed than that of quartz, the macropinacoidal sections, containing 3 and o, show

a very low double refraction, lower even than that of apatite. As one result of

this interesting circumstance the small granular crystals of barytes, frequently

found filling in cleavage rifts in the larger individuals appear as a brightly polar-

1 System of Mineralogy, 6th Ed., page 902.
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ising mosaic, whilst the macropinacoidal section, forming the principal part of the

field, exhibits low grey colours. Owing to the strain phenomena the character of

the dispersion could not be made out with certainty ; in fact, as a result of this

strain the colour dispersion appears to be as often " crossed " as of the rhombic

type.

13. The macropinacoidal section soften show a very imperfect lamellar twinning

parallel to the brachydome (on). The traces of the?e twin-planes appear on the

basal surfaces as very fine lines bisecting the obtuse angles of the rhombic cleavage

cracks. As many of the crystals are noticeably bent, the twinning is probably

secondary and due to pressure, as was shown by E. S. Dana1 to be the case with the

so-called michel-leVyte described by Lacroix, and in other instances by Max Bauer.

14. The cream-coloured patches already alluded to are less transparent under

the microscope. Apparently the barytes has been altered along these areas and

irregular cavities have been produced by removal of the material in solution. In

the clear and unaltered parts of the crystals also there are bands of cavities with

liquids containing bubbles ; but these have a different origin.

15. The average specific gravity of the crystals is 4-30. Examination before

the blowpipe gave the usual reactions for barytes, indicating the presence of barium

by the apple-green flame and of sulphur by the sulphide stain on silver. Many of

the specimens are distinctly fetid when rubbed. A chemical analysis, made by

Mr. T. R. Blyth under the superintendence of Mr. H. H. Hayden, in the Geological

Survey Laboratory, gave the following results :—

Moisture 0.0A

Loss on ignition 0.2g

SiIica ... 063

Ferric oxide and alumina 0-93

Barium sulphate (Ba SO,) g4-,s

Calcium sulphate (Ca SO«) 4-0,

ICO'OZ

The chemical analysis thus confirms the physical evidence as to the great

preponderance of barium sulphate in these crystals, and the replacement of a small

proportion of the barium sulphate by the isomorphous sulphate of lime accounts

for the slightly low value of the determined specific gravity (4-30). Taking the

specific gravity of pure barium sulphate (barytes) to be 440, and of pure sulphate

of lime (anhydrite) to be 2-95, a mixture of the two compounds in the above pro

portions would have a specific gravity of—

26-:6

=4"3i

94-IS+4-4 + 4-OI+2-95

which closely agrees with the observed specific gravity of the crystals.

Accessory Minerals.

16. Compared with the quartz and barytes, the minerals galena, pyrite, ilmenite,

hematite and limonite occur in extremely small quantities, and show a tendency to

local concentration, with the result that, whilst nearly all these accessories are repre

sented by small crystals in some specimens, in others they are entirely absent. Of

Amer. Journ. Set., 3rd ser., Vol. XIX (1890), p. 61,
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these accessory minerals galena appears to be the most widely distributed, pyrites

occurring next in order of abundance. Both these minerals appear to be original

constituents of the rock ; but the limonite and hematite are more probably second

ary, as they are found infilling cavities, which, from their shapes, were apparently

formed by the removal of barytes in solution by secondary causes.

Summary.

The rock described in this note is composed almost wholly of quartz and barytes

in the proportion of 7 of the former to 3 parts of the latter mineral. A portion of the

barium in the barytes has been replaced by lime ; analysis of the crystals, which

have a specific gravity of 4-30, showing 4-01 per cent- of lime sulphate. With the

quartz and barytes occur very small quantities of galena, pyrite, ilmenite, hematite

and limonite, the last two named being of secondary origin. An assay of the rock

yielded 13 grains of gold per ton.

This rock forms a large plexus of veins cutting through the pyroxenic and other

gneisses between Alangayam and Andiyappanur in the Tirupatur taluk, Salem

district. These veins vary in thickness from mere strings to dyke-like masses several

feet across, and through them all the barytes is apparently uniformly distributed.

The quartz and barytes are considered to be normal original constituents, which

have separated from an injected mobile magma like many cojnmoner pegmatites

of a different composition ; but no evidence is forthcoming concerning the tem

perature of the magma prior to consolidation. There are none of the " banded "

and " comby " structures of mineral veins, and no signs of possible derivation by

pseudomorphism from ordinary pegmatite.

Note on a worn femur of Hippopotamus irravadicus, Caut. and Falc, from

the Lower Pliocene of Burma, by Fritz Noefling, Ph.D., F.G.S.

' Paleontologist, Geological Survey of India (with Plates XIX and

XX).

While mapping the country around the petroleum field of Yenangyoung I

discovered on the eastern side of the Yenangyoung anticline, about 50 feet above

the ferruginous conglomerate (zone of Hippotherium antelopinum and Acerolhtrtum

perimense),md about half a mile to the north from the place where the flints1 were

found, a remarkable bone sticking out from the face of a low cliff. There was no

doubt that this bone was in situ when found by me, and that it was in an undis

turbed position, there being no signs that it had been touched; in fact, it took some

time to free it from its resting place.

AOhis place a few layers of ferruginous conglomerate are formed above the

zone of Hippotherium antelopinum, interstratified in the soft yellow sandstone.

These layers of conglomerate are sometimes only a few inches in thickness, and

a few feet in length, dying out rapidly in any direction and forming therefore

patches of smaller or greater extension in the sandstone.

The composition of some of these patches is a peculiar one ; they are made up

I Rec. Geol. Surv. lnd., 1894, XXVII, pp. 101-103.
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of small pieces of drift wood fossilized into hydroxide of iron, small pebbles of

white quartz, or of a ferruginous clayslone, and rolled fragments of bones all mixed

up together in a heap exhibiting exactly the features of a heap of shingle on the

sea-shore, and it was in one of these that I discovered the femur which is the

subject of this paper,

It was resting horizontally on its posterior side, lying flat, with the polished faces

of the distal end directly on a layer of soft sandstone. The shingle was heaped

around it but did not fully cover it. I distinctly remember that the bone had not

sunk into the underlying bed, but was resting flatly on it, and I also recollect that

I was particularly attracted by its remarkable position. In taking it out from the

rock, a peculiar loss of substance on the ventral side of the distal condyles, where

two large flat facets had been formed, at once attracted my attention, particularly as

the bone was resting with these two facets on the underlying bed.

This struck me as something very peculiar, particularly as I never noticed

anything similar in any of the hundreds of fragments of bones or better pre

served specimens I collected around Yenangyoung. I may at once remark that

I carefully looked through the Siwalik remains in the collection of the Geological

Survey, but not a single specimen exhibited similar defects. It is therefore beyond

doubt that whatever the verdict may be as to the origin of these curious facets, the

specimen here described is at present unique.

In my paper on the tertiary system of Burma,1 I mentioned this find for the first

time, and this is what I said " 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 friction on the underlying sand, produced by the gentle rocking of the

bone by the waves while lying on the beach."

It subsequently struck me that this was not quite a satisfactory explanation, but

as I shall deal with this question presently, it may be left for a while. Though the

peculiar feature of the femur struck me therefore at once, I refrained from making

it the basis of some, perhaps, too far reaching conclusions until I noticed in

the Neues Jahrbuch2 that Professor Dames had described and figured a scapula of

Equui the proximal end of which exhibited a similar loss of substance to the femur

found by me. Professor Dames unhesitatingly attributes this loss of substance to

human agency.

In the controversy which arose as to the origin of those curiously shaped flints,

I discovered in the zone of Hippolherium antelopinum and Acerolherium perimense.

I had quite lately an opportunity3 of giving as extensive a description of the history

of the find as possible, and at the end of my paper I mentioned the femur as being

probably an additional witness for the origin of the chipped flint flakes, provided the

theory held by Professor Dames as to the artificial origin of the loss of substance

noticed in the shoulder blade of the diluvial horse was accepted.

' Records, Geol.Surv. of India, 189s, Vol. XXVIII, page 77.

1 Neues Jahrbuch, 1896, Bd. I, page 2J4-

• On the discovery of chipped flint flakes in the Pliocene of Burma, Natural Science, 1897,

Vol. X, page 3334.
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Having returned from furlough, I am now in the position to give an accurate

description of the femur and its peculiar features, and I leave it to the reader to

judge for himself.

A careful examination of the femur has proved that it certainly did not belrng

to either of the genera Mastodon, Elephas or Rhinoceros; the greatest probability

was therefore that it belonged to the genus Hippopotamus. As far as I can judge

from the figures of Blainville and Cautley and Falconer, the general features of the

femur agree very well with those of the left femur of Hippopotamus, but there are

certainly differences, which render it almost certain that it could not have belonged

to any species there described, and that with great probability it belonged to

Hippopotamus irravadicus, the species so clearly described by Messrs. Cautley and

Falconer.

The bone measures from the middle of the distal condyles to the top of the

preat trochanter 600 mm, in length ; the great trochanter is very large and rises

above the level of the caput. The small trochanter is not very salient, rather a mere

rough ridge.

The posterior or ventral side of the condyles exhibits a remarkable loss cf

substance ; on both condyles a flat irregular facet has been formed, measuring

about 50 mm. in length in axial direction. It has to be noticed that both facets do

not lie in the same plane, but if the internal facet is considered as level, that on

the external condyle forms an angle of about io° with the former. On turning the

femur round it will be noticed that there is also a great loss of substance on the inter

nal side of the internal condyle ;—in fact, both these worn surfaces if produced

would meet at an obtuse angle on the posterior side of the internal condyle. On the

anterior or dorsal side the condyles exhibit also two elongate facets ; that of the inter

nal one forming an angle of about 300, that of the external one an angle of about 6o°

with the ventral facet of the internal condyle.

On turning to the proximal extremity, traces of wearing are seen both on the

great trochanter and on the caput; on the great trochanter they assume such a

shape as if it had been attempted to attenuate it ; on both sides on the anterior as

well as on the posterior side, particularly on the latter, these traces are seen.

The anterior side of the caput shows a slight trace of a facet, which is however

not distinctly seen.

To sum up, the facets are exhibited on the anterior and posterior side of

both extremities in such a way that they run parallel to the axis of the shaft ; no

facets or any other traces cf wear and tear are either noticed on the shaft or on

the proximal or distal face.

From the above description it is evident that this femur exhibits at both extremi

ties, particularly on the distal one, traces of a peculiar kind of grinding. As the

planes of the facets thus produced are not altogether parallel or in the same level,

it is beyond doubt that those on one side cannot have been produced simultaneous

ly, but that they must have been formed consecutively ; it is quite irrelevant

which was formed first ; it is sufficient to know that the position of the facets proves

that during their formation the bone must have been submitted to some sort of a

revolving action ; to form those of the distal extremity, the bone must have been

turned at least five times, and whatever the medium may have been that produced

the facets, it is quite evident that at one time the bone exhibited its anterior side to
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the grinding process and then was turned over, exhibiting its posterior side to the

same action. It may be remarked that, judging from the wearing, the process acted

more vigorously on the posterior than on the anterior side.

The question now arises, how are these facets to be accounted for ; were they the

result of the operations of art or of those of nature ? Should they be considered as

intentionally wrought, are they only the result of a mere accidental process of nature

resulting in loss of substance ?

If we were able to answer the first question in the affirmative, then there

ought to be no longer any doubt that in these facets we have the handiwork of

some rational being which lived during the lower pliocene.

It may at once be said that the purpose for which these fncets were made,

supposing for the moment they were artificial, h'« no bearing on the question

of their origin. For all we know, they may be the result of an idle hour after a

good meal. Professor Koken at Tubingen showed me a stag's horn from the diluvinl

travertine of Taubach near Weimar which had been marked all over in an ap

parently useless manner. No doubt can exist it was human agency which produced

these marks, but it is difficult to see to what purpose, unless we assume that

the diluvial man who produced these marks perhaps tried J.Q. cut off some of

the tines by means of his rude stone celt, and finding that it did not suit his

purpose, idly hacked away at the useless bone.

It must not be forgotten that the so-called savage tribes have plenty of spare time,

and I personally can state that I often observed in Kachin villages full grown men

playing with a piece of wood or a stone to no purpose whatsoever. By grinding

such an object on a hard surface a few hours could be pleasantly spent. There is

also no doubt that children use their play-things in all sorts of manners, and a

good deal of amusement results from sharpening a piece of wood or metal or

bone on a stone. Although we may dismiss the notion that the heavy femur here

described has been a child's plaything, we may take it as granted that the seemingly

meaningless procedure resulting in the production of the facets bears no value on

the decision of the question, whether they were made intentionally or were simply

the result of an accidental process.

It will therefore be well to discuss first the possibilities by which in a natural

way loss of substance in the above described state could be produced. The first

theory which would present itself would be to attribute the loss of substance to a

chemical process ; to the dissolving action of some acid for instance. The question

to be considered would therefore be, is it possible that by a chemical process such

sharp facets on the extremities could be produced without damaging the rest of

the bone. I should think that such a theory affords some serious difficulties ; we

have to imagine that the bone was imbedded in some substance impermeable to

acids; only that small part which was to be worn off sticking out from the protect

ing substance. After this part had been removed, the bone was turned over,

every ptirt of it was again imbedded in the protecting substance except the one to

be worn away, and so this process was repeated at least five times to produce the

facets of the distal end. To imagine that while these frequent changes took place

no other part of the bone should have been affected, seems highly improbable. It

will certainly be admitted that if due to chemical action, the facets would probably

not exhibit that fine smooth surface, but a more irregular corroded appearance.
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I cannot imagine any chemical process which simply by itself without any outside

assistance would produce such evenly polished surfaces at special parts of a bone.

Were a bone submitted to any chemical action, I should think that its traces ought

to be visible all over the surface and not restricted to certain parts. We may there

fore dismiss the theory of chemical action.

The facets must therefore be the result of a mechanical action, and it remains

to be seen what natural causes might have the effect above described.

The most plausible explanation is of course the action of ice as glaciers produce

scratched boulders exhibiting sometimes even faces, the result of a considerable

loss of substance. It is therefore by no means impossible that a strong bone such

as a femur might be treated in a similar way, although I do not know of any ins

tances which have been noticed. The possibility however must be admitted.

Is there now any trace of glacial action to be noticed in the pliocene formation

of Burma ? This question may be safely answered in the negative. In fact, if any

thing, it tends to prove that the pliocene of Burma was deposited under tropical

conditions. It may be argued that some of the higher hills existing while the Ira-

wadi series was deposited were covered with glaciers, and that the femur may have

been transported from there to the place where it was eventually found. But even

granted that the glaciers did exist, such an assumption would require that the indi

vidual of Hippopotamus irravadicus to which the femur belonged moved in a hilly

country in a neighbourhood of glaciers, an assumption which is so contrary to all we

know of the habits of Hippopotamus that we may safely dismiss it. But even if such

a theory would be admitted, the femur should have suffered much more by trans

port ; it could not possibly have retained its fine state of preservation, after it had

been exposed firstly to glacial action and then to a journey in streams and rivers

before it came to the place where it eventually found its resting place.

The next theory woXild be to explain the forming of the facets by the mechanical

action of running water.

The action of the running water can certainly result in a considerable loss of sub

stance, as need hardly to be mentioned. If we examine however, all water worn

objects, we notice that the action of the water tends to produce a more or less rolled

shape, and generally an even polished surface. Whatever the original shape of the

object may have been, and whatever the substance may consist of, the action of

running water always produces the same rolled shape.

It cannot well be imagined that a large bone, like the femur described, would

have been mixed up with pebbles, all of a harder substance than itself, and still

have retained its perfect shape while all the pebbles were rounded off. Of course,

one could suppose that the femur was well jammed in between some larger pebbles

or in the rocky bed of a stream ; it is under such an assumption quite imaginable that

the grinding action of the sand moved over it could eventually have produced the

facets. But if, on the other hand, they were really produced in such a way, it is

very difficult to explain why the bone should not have suffered later on when it

was moved from its resting place. The perfect undamaged shape of the femur

proves in my opinion that it never was associated with larger pebbles, nor that it

could have undergone a longer transport in a river. If we are right in judging

from the habits of the present Hippopotamus those of Hippopotamus irravadicus, we

may perhaps conclude, that the femur was originally deposited on the muddy or

sandy beach of a river, perhaps partly imbedded in the soft material, only the
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condyles sticking out. The question may then be raised whether the constant run

of the water containing a lot of fine silt suspended, such as we notice in all tropical

streams during the rainy season, has a sufficient amount of mechanical energy,

to grind down of facets as above described. I cannot trace any actual obser

vations for such a view, but I think some unquestionable proofs would be required

before it could be accepted. So far, therefore, the loss of substance and the

production of the facets cannot be explained by the mechanical action of running

water.

The way in which the femur was deposited when I discovered it suggested at

first an idea which I afterwards discovered to be an obvious impossibility. I

originally believed that the specimen was lying amongst a heap of material such

as is gathered frequently on a slightly inclined beach. I imagined that the

action of the waves rolling ashore set the femur into a rocking motion which was

sufficient to grind down the condyles producing the facets. I overlooked however

a very serious objection : first, the tendency of the rocking action of the waves

would be a rolling and not a grinding one, as may be noticed at any sea beach ;

secondly, the way in which the bone was found proves that it was resting on a sandy

ground which^at that time must have been soft and loose. Facets as those described

could however certainly not be produced when the bone was moved by the

waves while its bed was soft and yielding. Only the friction against a hard un

yielding material could have produced facets, and the above view can therefore

no longer hold good.

If the view of the mechanical action of ice or water cannot be sustained, the only

natural action remaining which would result in loss of substance would be the

action of sand blown by the wind, deflation, in fact. The facetted boulders found at

numerous places, the shape of which is generally attributed to the above cause, are

well known. The femur resting on a sand-bank in the river, partly imbedded in the

sand, might very well have been exposed to such an influence. If the facets existed

on one side only, say, for instance, the posterior one, I would unhesitatingly accept

this view. But they exist on the anterior side as well, and in such a way that they

could not have well been produced simultaneously. Accepting the theory of the

blown sand for a moment, we have then to suppose that the facets were first

produced on one side, then the bone was completely turned round so as to

exhibit the opposite side, which must have been shifted once. It was then again

so well imbedded that nothing but a small portion was exposed.

If this theory be accepted, of course the question is settled at once; I want

however to point out a serious objection. I cannot well imagine how the move

ments required were carried out without exposing more than insignificant portions

of the surface. In fact the facets on the anterior side are quite incompatible

with this view ; if they were the result of the action of blown sand, much more of

the condyles should have been removed. I find a very serious difficulty in the

smallness and the distribution of the facets, as I should think that, had the bone

undergone this process, it would have suffered more.

In conclusion, I may mention that the view of these facets being produced by

the gnawing of some wild animals is absolutely untenable. No animal could

produce even surfaces, such as those described, with its teeth ; there would be

irregular ragged furrows, but no smooth facets if the femur had been treated by one

of the large carnivorous animals.
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I think that it is clear from the above arguments that to whatever known

natural causes we may look as likely to produce facets as described, we meet

always with some serious objections.

If, on the other hand, we suppose that the facets were intentionally made by

some being, whether man, ape or Pithecanthropus, by holding the bone in his hands

pressing it against a hard surface and grinding it down, the manufacture of the

facets is easily explained.

We arrive therefore at the result that the whole state of preservation of the

femur turns rather in favour of the facets being intentionally produced than acci

dentally. I wish however at once to say that not for a moment do I contend that

the facets must be man's handiwork, and that there is no other cause capable of

producing them. All I contend is, that very serious objections are connected with

the assumption of the production of the facets by natural or accidental causes

but if any one can give me any ether plausible explanation, free from objections,

I am quite willing to forego the conclusion that the facets are the result of the

operation of an artificial agency.

Should a satisfactory explanation come forward, I think that specimens exhibit

ing similar loss of substance should be carefully re-examined, as to the process which

caused such a loss. Professor Dames describes and figures a scapula of a horse,

stated to come from the diluvial deposits of Northern Germany, exhibiting a similar,

and apparently quite meaningless, loss of substance at the proximal extremity.

Professor Dames unhesitatingly attributes it to human agency, but in this in

stance there are in fact more serious objections to such a theory than to the

bone from Burma. It is quite true man has lived in diluvial times, while

similar proofs are not so absolutely certain and unchallenged with regard to the

pliocene period, and a bone exhibiting such features as the one described by

Professor Dames and coming from diluvial beds, might only be regarded as a

further instance of the existence of man during that period.

But on the other hand the history of the find is much less open to doubts in the

case of the bone from Burma than in the case of the diluvial bone. The author

did not find the bone himself ; it was brought to him : questions may therefore be

raised—did it really come from diluvial beds, and if so, was the loss of substance not

produced by the tools of the workmen while unearthening it? Professor Dames

holds that neither has been the case, but all the same these objections may be

raised, and it will be difficult to disprove them.

In the case of the femur here described, no such objections can be raised :

there were no working men which could have hurt the bone, and it was in situ

when found by me in such a place that all ideas of subsequent influences can

safely be dismissed. In fact, if one thing is certain, it is that the loss of substance

was produced previously to the interment of the bone.

Not only may the above two objections be raised with regard to the diluvial

bone ; it may also be argued that, being found in strata, the glacial origin of which is

no longer doubted, the loss of substance may be attributed to glacial action—a view

which certainly does not enter into the question at all with regard to the femur from

Burma. It is true that scratched boulders have hitherto not been found in the dilu

vial gravels in which the scapula is said to be found, but this is no proof against

the view that the loss of substance may be the result of glacial action.
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In fact if, weighing all the evidence in favour and against the artificial origin of

the loss of substance in the case of the diluvial scapula, the evidence against it is

rather stronger than for it—but nobody seems to have questioned the view held

by Professor Dames with regard to this scapula,—may it therefore not be argued

that what is accepted in this instance, also holds good for a bone exhibiting similar

1 oss of substance, but coming from pliocene strata ?

Explanation of plates.

Plate XIX.—Fig, 1. Hippopotamus irravadicus, Caut. and Falc. Left femur

posterior (ventral) side, | nat. size.

Fig. ia. Ditto ditto ditto.

Distal extremity, £ nat. size.

Plate XX.—Fig. 1. Hippopotamus irravadicus, Caut. and Falc. Left femur,

anterior (dorsal) side, £ nat. size.

Fig. 2. Equus, sp. (copy from Neues Jahrbuch, 1896, Bk. I,

p. 224) reduced to J size.

On the Supposed coal at Jaintia, Baxa Duars: By H. H. Hayden, B.A.,

B.E., Officiating Deputy Superintendent, Geological Survey of India.

While at Kuch Bihar I was asked by Mr. D. R. Lyall to visit, if possible, the

supposed coalmines near Jaintia, on the borders of Bhutan. I therefore took the

opportunity, when at Baxa, of making an excursion to the spot. It is highly

inaccessible and can only be reached on elephants, either from a point a few miles

south of Santrabari, or from Santrabari itself. From Santrabari there is a jungle-

path to Jaintia, the distance being about 8 miles. The supposed coal, which is really

lignite, is found in the valleys to the north and north-east of Jaintia : the locality

visited by me being about 2 miles to the E. N. E. of the village of Jaintia. Here

the lignite occurs in bluish-grey and yellowish sandstones of tertiary age, which dip

mostly at high angles to the S. W., but the dip is variable both in direction and

amount, though always steep.

In some cases large areas—200 or 300 ft. long by 50 to 100 ft. wide—have been

exposed on the plane of bedding, and the true character of the deposit is made

evident. It consists of a sandstone (probably estuarine) containing isolated logs of

lignite. The wood had evidently floated down the rivers and, becoming water

logged, had sunk in the estuaries, where it was embedded in the sand.

This lignite, according to an analysis made by Dr. Saise, is of very good quality,

having only a small percentage of ash : but the isolated manner in which it occurs

renders it of little value, and for the purpose for which I was informed it was in

tended, viz., as the fuel supply for a railway, it would be useless. The sandstone

which flanks the hills for |many miles in this neighbourhood, appears to contain

everywhere a certain amount of the lignite, but too scattered and in too small

quantities to be of any economic value, particularly in the face of such difficulties

as are presented by the inaccessibility of the locality.
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Percussion Figures on Micas, by T. L. WALKER, M.A , Ph.D., Assistant

Superintendent, Geological Survey of India.

A short time ago, I called attention1 to some points in regard to the percussion

figures formed on plates of mica by applying the point of a large needle to a

cleavage fragment and striking a sharp blow with a small hammer. The figure

resulting is illustrated below. All micas agree in having six-rayed percussion

figures whose rays meet at angles varying from 510 to 640. It was generally

supposed that the rays are parallel to the edges formed by the basal plane (o P)

with the prism (00 P) and clinopinacoid 00P00.

coSoo

 

oo?oo

After measuring the percusssion figures on some twenty representative micas I

found that this is not the case. The measurements then made were published1 and

shewed that the angles of the percussion figure opposite the clinopinacoidal edge,

designated % for convenience, varies from 5a0 53' to 630 28'. As the micas are

regarded as monoclinic, the four angles of the percussion figure, remote from the

clinopinacoidal edge and adjacent to the ray which is parallel to the above-mention

ed edge, are equal to one another and are different to the other two angles. It

was also observed that the size of the angle ^ is more or less characteristic for

the species examined.

Muscovite 5*° 53' to 55° 57'

Lithia Micas 59° 1 a' to 6o° 16'

Biotite about 60"

Phlogopit 6o° 52' to 63° 28'

Desiring to further investigate the subject I made an examination of all the

suitable micas contained in the Indian Museum. I give below the measurements

of the angle %_ for those micas not previously reported upon. The results in

general confirm the conclusions previously arrived at, viz., the rays of the percussion

figures are not parallel to the prismatic and clinopinacoid edges, but meet at

> American Journal of Science, Vol. II, 1896, p. 5. Observations on Percussion Figures on

cleavage plates ot mica.
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angles varying from 51° to 640 which are more or less characteristic for the

different mica species.

Muscovite.—Hazaribagh, Bengal .

„ Alstead, N. H., U. S. A.

„ Hazaribagh, Bengal .

,, Miask, Urals

„ Gaya, Bengal . . .

„ Narsinghpiir ...

„ Vienna Exhibition (locality ?)

,, Nellore District, Madras .

„ Goshen, Mass., U. S. A.

„ Pennsbury, Pa., U.S.A.

„ Nawadi, Bengal . . .

Euphyllite.—S. Rewah, Central India .

Muscovite.—Alstead, N. H., U. S. A. .

Garhwal, N. W. P.

„ Hazaribagh, Bengal .

„ Sirmur State, Punjab .

„ Sutlej River, N.-W. Himalayas

„ Darjeeling, Bengal . .

„ Tonk, Rajputana .

„ MacDonald Range, S. Australia

Lepidolite (?).—Paris, Me., U. S. A. .

Rubellan.—Eifel, Prussia ....

Lepidomelane.—Wermland, Sweden •

Biotite.—Alstead, N. H., U.S. A. .

,, Greenland .....

„ Lake Baikal, Siberia ...

„ Hazaribagh, Bengal . .

Phlogopite.—S. Mirzapur, N.-W. P.. .

„ Burma (in crystalline limestone)

„ Travancore State . .

5' 40

52
3

52 42

52 50

5 = 52

53 17

S3 25

53 30

54 3"

54 3u

54 i$

54 45

54 47

54 53

54 55

55 0

55 iG

55 27

55 57

56 25

54 S3

59 23

bout 6o°

ditto

ditto

60 '5

60 18

59 30

60 23

63 "4

Notes from the Geological Survey of India.

Elaolite at Sivamalai.—hn interesting discovery of elaeolite-bearing rock has

been made at Sivamalai in the Coimbatore district where the Sivamalai hills near

Kangayam are composed of a fine grained elaeolite-bearing rock, darkened by the

presence of magnetite, graphite and ferro-magnesian silicates, amongst which

biotite and hornblende prevail. This is cut through by veins of coarse grained

rock in which the crystals of elseolite reach a diameter of 4 inches. This elaeolite-

bearing rock is associated with a pink pegmatite, practically devoid of quartz and

containing crystals of corundum, which occurs as veins in and near the boundary

of the elaeolite-bearing rock. Mr. Holland has suggested that we may here look to

the elaeolite as the source of the alumina, of which it contains over 33 per cent., and

especially points to the fact that the Sivamalai corundum has the crystal habit of

Lagorios pyrogenic corundum (Zeits. f. Kryst, XXIV, 285). The field evidence is

certainly consistent with the theory that the pegmatite, penetrating and absorbing

the elaeolite-bearing rock, acquired an excess of alumina which subsequently

crystallised out as corundum.
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Earthquake of 1 2th fune.—A large number of reports have come in during the

last quarter, and as one result it has been found that the area over which the shock

was felt must be extended to include the whole of the Irawadi valley and delta.

To the east of the Pegu Yoma, the only place from which it is reported is

Pyinmana. An important report has been received from the Superintendent of

telegraphs, Assam, describing how, when communications from Shillong were being

reopened, it was found that, so long as the earth was used as a return, the operator

was subject to electric shocks, some of considerable severity, which always accom

panied one of the earthquake shocks which were constantly occurring. This, as well

as the frequent interruptions of communication which accompanied the shocks,

ceased as soon as a second wire was used as a return instead of the earth.

At the Magnetic Observatory at Bombay perturbations of the self-recording

magnetic instruments were noticed, which it is difficult to ascribe entirely to

mechanical causes, but the time at which they occurred renders it impossible for

them to have been directly connected with the electric disturbances at Shillong,

and if magnetic or electric at all, they must have been such as a secondary

result of the mechanical effect of the earthquake wave in the immediate vicinity of

Colaba.

31st October i8g"j. K, D. Oldhak.

Selection from the Assays and Examinations made in the Laboratory of

the Geological Survey of India between November 1894 and Novem

ber 1897.

Date.

• 3-XI-94.

I9-XI-94

Substance. For whom.

One specimen of im

pure limonire, found

in and about Maha-

bleshwar, in the

5atara District.

One specimen of

quartz, with copper

rites, from the

orth Arcot District.VL

The Under Secre

tary to the Govern

ment of India,

Revenue and

Agricultural De

partment.

Edgar Thurston,

Superintendent,

Government Cen

tral Museum,

Madras.

Result.

Quantity received: 1 j oz.

Contains 46/46 per cent, of iron (Fe).

Q uantity received: 4} oz.

Contains a trace of gold.

26-XI-04

4-1-94

ao-XII-04

One specimen of

galena, from a hill i

mile north-west of

village Dhanpur,

Kumaon.

One specimen of iron

pyrites, with quartz

and slate, from

Cclina.

One specimen of white

earth, from Afghan

istan,

Colonel E. E. Grige

Commissioner of

Kumaon.

Colonel D. G.

Pitcher, Depart

ment of Land Re

cords, Gwalior

State.

C. W. Walsh, Mar

tin & Co., Cal

cutta.

Quantity received: 2lbs. 6 oz.

Yielded on assay, 66-36 per cent, of lead;

and 1 oz. 12 dwts. 6 grs. of silver to toe

ton of lead.

8 uantity received: 1 lb.

ontains a trace of gold.

Lithumarge, allied to Fuller's earth, with

some pieces containing graphite.
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Date.

3-XH-94

Substance.

Specimens collected

in Eastern Persia.

For whom.

Surgeon-Major G. W.

Brazier Creagh.

Result.

The majority are from the mountainsTaftan,

Uasman, Hamant and Fanach.

Taftan is an active volcano from which sulphur and sal ammoniac were obtained.

Busman is volcanic, but not now active. Sulphur was also obtained here. Hamant

and Fanach doubtful. (B.—C.)

No. I. Salt from Tank-i-Nimak, North of Amatli, 6 stages N. of Bandar Abbas.

The nala is white with salt.

Tombstones from an old cemetery in the Kosh.Valley under the lofty Taftan,

an active volcano. Inscriptions supposed to be very old. (B.— C.)

No. II. A. Specimens from Fanach hill. Elevation 4,860 feet.

> Amongst the rocks are specimens of a partially decomposed troctolite

(originally an olivine plagioclase rock). The other specimens are

red clay with partings of calcite, lumps of limestone, pale green epidote

and silicified magnesite : probably not far removed from serpentine.

B. Specimens from the rocky bed of Fanach pass. Mostly limestones,

partly crystalline and in some cases evidently derived from infilled

cracks. Specimens of red clay rock are generally silicified, but cracks

are also filled in with calcite. These and the green rocks resemble

volcanic ash beds. One specimen is a mixture of quartz and light

green epidote.

No. III. Fragments of limestone and quartz from hills between camp Abgar and

Itchan. Elevation 1,900 feet.

No. IV. Limestone, partly silicified and dolomitized, from hills between Gordahan

and Isfaka.

No. V. Specimens from Hamant hill. Elevation 7,623 feet. Said to be a dormant

volcano.

Shales baked and silicified,'dolomites and magnesites with veins of calcite,

veins of quartz and epidote. Specimens of talcose schist. Specimens

of serpentine said to occur in huge masses.

Geh hills. Elevation 1,400 feet.

Specimen of brown marl, with veins of quartz and dirty calcite containing

carbonate of iron. Silicified red shale with veins of quartz. Specimen

of dark green, compact and well j;>inted rock containing carbonate of lime,

possibly compact ash bed. Specimens of fibrous calcite.

Sand from Bampur Dasht near Geskok Camp. Elevation i,8oo feet.

Dirty calcareous quartz sand with semi-rounded grains.

No. VI. "A. Specimens from Koh-i-Cheltan or Taftan or Koh-i-Naushadir (sal

ammoniac). Volcanic peak 12,800 feel (appro*.)."

Pumice and fragmental rocks (tuffs and ash) of an andesitic volcanic

outburst. Considerable quantities of infiltrated calcite in most specimens.

Native sulphur with small quantities of soluble sulphates and chlorides.

No. VII. Mak or Lak=a yellowish marl from Cheltan Range, which, with leaves of

the Kangak shrub, makes a black dye called Lak-i-Siah, and with leaves

of the pomegranate makes purplish yellow dye.

As the specimen sent contains large quantities of sulphate of iron, doubtless

it is thi- substance which combines with the tannic acids of the leaves to

produce a black tannate of iron. The aqueous extract of the same sub

stance with pure tannic acid gives a deep blue-black ink. The iron com.

pounds will also, of course, give different colours with other leaves in which

the tannic acids are present in a different form.

No. IX. Hill in sandy desert near camp Geskok. Lumps of carbonate of lime (like

kunkur) and conglomerate cemented with carbonate of lime.
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Date. Substance. For whom. Result.

15-11-95

4-W-95

20-IV-96

I-III-95

No. X. A, Specimens of rocks from Basman peak, a dormant volcano. Elevation

1 1,200 feet.

Andesitic ejectamenta. Andesites with rhombic pyroxene*, as in the

case of Koh-i-Cheltan, and with flakes of brown mica. Some specimens

fragmental and pumiceous, but of the same family. Lumps of carbonate

of lime apparently from infilling! of cracks.

B. Sulphur from same locality.

C. Limestone fragments from KoM-Alman range, part of Basman. Elevation

4,000 feet.

No. XI. A. Specimens from hills near Basman village. Specimens of hornblende-

biotite granitite. Lumps of quartz rock and hardened lithomarge.

Specimens of decomposed pumice. Masses of limestone, some pieces

well crystallised.

B. Dark calcareous earth with scales of biotite, same locality.

C. and D. Volcanic agglomerate composed of various minerals, fragments

of pumice, etc., all impregnated with carbonate. of lime and salt.

E. Slab oi hornblende-andesite.

6-VI-95

Three specimens from

the summit of Babar-

garh, Waziristan.

One specimen of clay

from the Lameta

group, Warora, Cen

tral Provinces.

Two specimens from

the Kaira District,

Gujerat.

Specimens from the

Salem District.

One specimen of coal,

containing iron

pyrites, from Yen-

angyoung. Upper

Burma.

H.'A. Casson, C.S.,

Political Officer,

Bannu Column,

Bannu.

Geo. R. Reynolds,

Manager, Warora

Colliery.

J. Walter Leather,

P.C.S., etc., Agri

cultural Chemist to

the Government

of India.

C. S. Middlemiss,

B.A., Deputy

Superintendent,

Geological Survey

of India.

Nos. 1 and 2, basic volcanic agglomerate.

No. 3, iron pyrites.

Contains 83*63 per cent, of Silica (S.O ).

No. 1, earthy hematite.

No. 2, limonite nodules (possibly pebbles)

in a matrix of carbonate of lime.

F. Noetling.Ph. D.

Palaeontologist,

Geological Survey

of India.

No. -rVi, dunite,

partly altered into

serpentine. S.G.

2*961.

Silica (SiO,).

36-64%

Magnesia (MgO)

46-12%

No. !3, dunite:

S. G. 3- 176.

Silica (SiO,)

39' 1%

Magnesia (MgO)

48-26%

No. \%t, magnetite schist. S. G. 3-538. Con

tains 36*66% of iron(Fe).

No. fl'f, magnetite schist. S. G. 3*365.

Contains 35-00% of iron (Fe).

No. -tff, magnetite schist. S. G. 3*415.

Contains 32*40% of iron (Fe).

Moisture •

Volatile matter

Fixed carbon

Ash .

8*54

37*4<>

42*80

■ 1-26

100*00

Does not cake.

Ash—dark greyish red.
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Date.

6-VI-95

8-VII-9S

lf-XU-95

I2-XII-9S

10-1-96

6-ni-oe

io-iv-96

Substance.

One specimen of li-

monite from about

two miles south-east

of late, Porahat

District, Lohar-

dagga Division.

Two specimens of iron

ore from Rewah.

Galena from a hill

about 14 miles east of

Madeya, Mandalay.

Quartz from old gold

Workings at Chin-

natha-ganu, Udu,

Kollegal Taluq,

Coimbatore District.

Three specimens of

quartz, and one of

schist, from Porahat,

Chota Nagpore.

One specimen of

crushed quartz, from

23 miles S.S.E. of

Balarampur, Bengal

Nagpur Railway, for

gold.

Seven specimens of

crushed quartz, from

23 miles S.S.E. of

Balarampur, Bengal

Nagpur Railway, for

gold.

For whom.

W. Anderson, Geo

logical Survey of

India.

P. N. Datta, B. Sc. ,

Deputy Superin

tendent, Geological

Survey of India.

H. H. Mayden, Assist'

ant Superintendent,

Geological Survey

of India.

C. S. Middlemiss,

Superintendent,

Geological Survey

of India.

C. L. Griesbach,

Director, Geologi

cal Survey of India

Result.

Contains 36*68 per cent, of iron (Fe).

A. Manganiferous hematite, limonitic.

Foot of Kymore scarp, north-west of

Baghwar, near Boorgaona, Rewah. Con

tains 50*43 per cent, of iron (Fe).

B. Limonite.

Half mile north-east of Sullcma village,

Ramnagar Tahsil, Rewah.

Contains 20*47 percent, of iron (Fe).

Quantity received: 2 lbs. 7 oz.

Yielded on assay, 53*42 per cent, of lead;

and 4 oz. 14 dwts. 17 grs. of silver to the

ton of lead.

Quantity received: 8 lbs.

Yielded on assay, a trace of gold.

1. "Quartz reef (2)" Quantity reed. lolbs.

2. " Talcraburn No. 4 cutting " „ 7 „

3. " Ragolburn hill " „ 9 „

4-.Schist „ 1 j „

Yielded on assay, no gold.

C. L. Griesbach, Quantity received : 19 lbs.

Director Geologi- Yielded on assay, 1 dwt. 9 grs. of gi Id per

cal Survey

India.

of

W. Anderson, Spe

cialist, Geological

Survey of India.

ton.

1

8 ft.

2

6 9).

3 4 6 7

30-1V.96 Two specimens from

Port Blair for deter

mination.

Major R. C. Temple,

Superintendent of

Port Blair.

Quantity

reed.

4 lb. 81b 4 lb 4 ft.

Contain no gold.

Specimenfrom Flat rock Invisible bank,

about 60 miles South East of Port Blair.

Marine sedimentary organic limestone, with

Granules of plagioclase felspar and horn-

lende, derived from some older volcanic

rocks ; organisms f oram nifera, radiolaria,

etc. The rock belongs to Oldham's

Archipelago series of late Tertiary age.

Specimen found off anchorage at North-

West end ofNarcondam.

Magnetite sand, with grains of quartz,

ilmenite and felspar, evidently derived

from the basaltic rocks of Narcondam.
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For whom.

R. D. Oldham,

A.R.S.M., F.U.S.,

Offf*. Director,

Geological Survey

of India.

C. S. Middlemiss,

B.S., Superintend

ent, Geological

Survey of India.

H. H. Hayden,

B.A., B.E., Assist

ant Superintend

ent, Geological

Survey of India

P. N. Datta, B.Sc,

F.G.S., Deputy

Superintendent,

Geological Survey

of India.

II. H. Hayden, B.A.,

B.E., Assistant

Su pcrintenden t,

Geological Survey

of India.

W. Anderson, Spe

cialist, Geological

Survey of India.

Garwani.

Quantity re

ceived : I lb. 1 ■ oz.

Moisture . 3'oS

Volatile matter 8*72

Fixed carbon . 44*76

Ash . . 44-44

• ioo'oo

Ash—reddish grey.

Does not cake.

Moisture

Volatile matter

Fixed carbon

g

Date. Substance. Result.

13-V-96

2g-V-g6

9-VI-96

10-vi-oe

30-VI.96

I4-VIII-96

Two specimens of coal,

from Rewah State.

One specimen of auri

ferous quartz, from

the old workings in

Kollegal Taluq (Tip-

poo's Mines), Madras,

One specimen of coal,

from centre of broad

est bands, Mithwa

coal-field, about \\

miles from Thatha-

nah N. N.-W. Upper

Burma.

Three specimens of

iron ore, from Rewah

State.

A specimen of limonite

concretion, from

Nyaungnigyin, Pagan

d is' rict, Upper

Burma.

One specimen of

quartz, from Bala'

rampur, Manbhum

district.

SlNDHOA, NSAK

Karswa.

Quantity re

ceived : 3 lbs. 3 oz.

4"6o

26*00

41*13

28*28

100*00

Ash—grey.

Does not cake.

Quantify received : 2 lbs. 64 oz.

Yielded on assay, 2 oz. 5 dwts. 17 grs.

of gold per ton.

Quantity received 8 lbs.

616

33-48

2464

Ash 35*72

Ash—light grey.

Does not cake.

1. Limonite, S. W. of Lukaora.

Quantity received : Jib.

Contains 35*76 percent. Iron (Fe).

2. Limonite, i mile N, by B. of Paujerio

H. S.

uantity received : 14 oz.

Contains 48*75 per cent. Iron (Fe).

3. Hematite, near Puri, S.-W. of H«rma

on the Son,

g uantity received : 1 1 oz.

ontains 44*32 per cent, iron (Fe).

Quantity received : 4} oz

Contains 44*12 per cent. IIron <Te).

Quantity received : 78 lbs.

Yielded on assay, a trace of gold.
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Date.

2 X-96

Substance.

Specimens of amalgam

tailings, and blank-,

etings, the result

of two trial crush-

in lis of 15 and 9

tons quartz.

3.VIII-06 One specimen of

quartz, from the

I Singbhoom district.

For whom. Result.

W. Anderson, Spe

cialist, Geological

Survey of India.

A. E. Wild, Conser

vator of Forests,

Bengal.

14 1-97 One specimen of Lig- Lieut.-Col. H. A.

nite, containing plant I Vincent, Political

remains and specks Agent, Bickaner,

of resin, found at the

bottom of a well. 201

feet from surface,

Pallana, about 12

miles from Bickaner,

Rajputana.

5-t-'j7 Three specimens of

minerals, for deter

mination.

17-XII-96 One specimen of

Hsilomelane frum

GosalDur, Jabalpur

district, for phospho

rus.

8-11 1-97

8-UI-97

A white mineral, found

underneath the coal

strata, Chitteedand,

Salt Range, supposed

to be Bauute.

1. Ifoholbana, Manbhum district.

Amalgam, from bottles marked I, 4 and 7,

from 9 tons crushed quartz.

Yielded on assay, 1-24 grs. of gold, equal to
■138 grs. per ton.

2. Chandra Dhobni, Manbhum district.

Amalgam, from bottles mark' d 2, 3, 5 and

6, from 15 tons crushed quartz.

Yielded on assay, '095 g rs. of gold, equal

to '0063 grs. per ton.

3. Tailings, from 9 tons crushed quartz.

Yielded on assay, a trace of gold.

4. Tailings, from 15 tons crushed quartz.

Yielded on assay, a trace of gold.

5. Blanketings, from 15 tons crushed

quartz. »

Yielded on assay, a trace of gold.

Contains a trace of gold.

Quantity received : 7 lbs.

Moisture .

Volanle matter

Fix-d carbon

Ash .

Does not cake.

Ash—light grey.

12-50

4140

37'SO

8-6o

10000

Geo. Watt. Reporter No. I.—From Kabul. Travertine,

on Economic Pro- 1 •

ducts to the Govt. No. 2.—From Sakesar and Kalabagh,

of India. Punjab. Massive gypsum.

C. W. McMinn,

Jabalpur.

No. 3.—Prom Kabul.

Jade).

Contains "589 per cent,

dride (P, O ;.

Borvenite (Pseudo

phosphoric anhy

Museum, Geologi- S. G. 1*707.

cal Survey if India,

Calcutta.

Three specimens from

Ba hanar, supposed

to be Sapphire.

R. G. Thomson,

C. S , Deputy Com

missioner, Simla

District.

SO, . .

H,0 .

2j6j

4°'44

Az.Q. . .

CaO .

• 30-08

• trace.

SeK°« ' •

ZnO. . .

• M

• *»

••Aluminite.

Amethyst.

ioo'i5
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Date. Substance.

10-III-97 Six specimens of coal

from the Warora

Colliery.

■-.

n-Ill-97 One specimen of Ga

lena, from Arki,

Baghal Sute, Simla

Hills.

10-IV-97 Four specimens of coal

from Assam.

For whom.

C. O. Leefe, Assis

tant Secretary to

Chief Commis

sioner, Public

Works Depart

ment, Central

Provinces, Njgpur.

Result.

J*|

= e
E

g E < e ■

a. *
"*r *

in Z

°-4-
u '£.:

ft
*£

me ■"«
* 7.

c

©fl

. 2

15
4

Zu Z u
z- z" 1

* : 1 » I

Quantity ■•lbs. tolbi. lolb». iolbs. iolbs. ■ olbt.
received.

Moisture 8-4" 9*78 36*53 7*40 C38 1040

Volatile

matter. 39'00 io'6i 37*10 10*48 I9*6<
3o'«i

Filed

carboo. 41*74 43*7i 4 0*08 16*44 3i'tfa «i-u

Ash . ■ 9*86 16*88 36*30 35*68
«y

1V06

100*00 100*00 10000 loo'oo lOO'OO . 00 "OO

■>"

Da iot cak e.

£
*K as

•9

•O
St

i
t

V -O •O
.C

"S CO

*" — =

J= X

< •<
< < <

K. G Thomson. Quantitv received: 2 i lbs.

C.S., Deputy Com- ■Yielded' on assay. 75- 17 per cent, lead (Pb)

missioner, Simla

District.

F. H. Smith, Geo

logical Survey of

India.

and 21 oz. 1 dwt. ggis. silver to the ton

of lead.

Quantity

received.

Moisture .

Volatile

matter.

Fixed car

bon.

Ash .

5ioz

5*3«

49*96

*5*3**

19-36

II III. IV.

7°«. 5j oz. 4»o«-

3*88
3*'4 7*10

57-S* 29"00 37*4$

2J*4o 1524 40*3S

iy»o 52*62 >5<M

oo"oo lOO'OO ioo-oo

*Z 3
2.0

t/)<

>.u= .it:

"*** 3 4) 3

*£ J5 -*-o

u~
8£

a .43

i-f
« bil

■ss

sif-i
i/ < o<

■si

•S-o
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For whom.

F. H. Smith,

A.R.C.S., Deputy

Superintendent,

Geological Survey

of India.

Tom. D. LaTouehe,

B.A., Superinten

dent, Geological

Survey of India.

A. Cow-Smith, Hast

ings House, Ali-

pore.

The Chief Secretary

to the Government

of Burma, per j.G.

Scott, Superinten

dent of the North

ern Shan States,

Burma.

Result.

Quantity received.

Moisture . .

Volatile matter .

Fixed carbon .

Ash . . .

B.

4 ox.

940

34"4»

a6-j2

29-86

Does not cake.

■a

<

s
IS

I
I

Date.

ia-V-97

18.V.97

10-VI-97

9-VIH-97

Substance.

Two specimens of coal

from Assam.

One specimen of lig

nite with specks of

resin, from Pallana,

12 miles from

Bickaner, Rajputana.

A heavy metallic look

ing specimen from

the Koderma Govern

ment Forest, Hazari.

bagh District, sup

posed to be iron.

Pebbles of schist con

taining quartz, Wa

States, Burma, for

gold assay.

Quantity received: 45lbs.

Moisture .

Volatile matter

Fixed carbon

Ash .

8'2<l

427*

3948

9-6o

loo'oo

Sinters slightly, but does not cake.

Ash—light brown.

Calorific power in heat units (C), 7,295.

Evaporative power, 13*58.

Columbite; S. G. 6-ig.

Quantity received : I4lbs.

Contains 10*5 grains of gold to the ton.
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Date. For whom.

T. H. Holland, Offi

ciating Superinten

dent, Geological

Survey of India.

 

Result.

Ditto

18-IX-97

Substance.

iMX-97

A specimen of the gra-

mtitefrom Urnmalia

quarry \ mile S. W,

of Karasamir, S.

Arcot District. For

bulk analysis.

A hand specimen of

hypersthene, horn

blende granite from

Perumbakam.

Madras. For bulk

analysis.

31-IX-07 Alkaline salt from

Yenangyat, Upper

Burma, where it

occurs as an incrusta

tion and is more or

leu impure.

58-30

20*76

3"59

384

838

3-62

431

'7>
•20

Total 101 '61

Si.O,

Al.O,

EeV?»

FeO

CaO

Mg O

Na, O

K, O

Ignition

G. E. Grimes, Assist

ant Superintend

ent, Ge logical

Sut vey of India.

Total

61 '40

«9'3S

58

S27

656

334

278

+4

""5

99-8o

The portion soluble in hot water was ana

lysed separately—the insoluble pcrtion ut

f;iven below under the heading of " Inso-

ubles." Reaction distinctly alkaline.

Na,0 . , f 3409

K.O . "24

CaO , . 1-25

MgO . 180

SO, t • . 4809

CI . . -32

Ignition , • 465

Insolubles • > I ""no

 

101-34

Less oxygen equivalent . -08

*
fOTAL 10110

This analysis shows that the substance con

tains about 78 per cent. Na, S 04. with

■mailer quantities of Ca S O4 and Me S

o4.



 

irt J.—On the geological features of the northern part of Madura district, the Pudukoti

State, and the southern parts of theTanjorc and Trii uded within the

limits of sheet 80 of the Indian Atlas. Rough notes

poly district, collected in 1877-78. Notes on the gei

tacez, with reference to the Indian form Trizyj jm Trizy.

gia, Ung.). On Mysorin and Atacamite from't) district. On corundum from the

Khasi Hills. On the Joga neighbourhood and old mil

Part jf.—On the ' Attock Slates ' and their probable geo

undescribed tortoise, from the Upper Siwaliks, near Nila, in the Pot

of thegr rth Arcot district. On the t n of the road section from Mu

to Abbottabad.

l. XIII, 1880.

f art 1.—Annual report for 1870. Additional notes on the geology of the Upper Godavari basin

in the neighbourhood of Sironcha. Geology of La< eing

• ey of Kashmir and neighbouring territ

Raniri Island and the Punjab. Note on the fossil genera N6

sis, Fstm.and Rhiptozamites, Schmalh., in palaeozoic and secondary rocks of Eur

and Australia Not. nlantsfrom Shekh Budin, and Sirgujah. On

canic foci of eruption in the Konkan.

/art 2.—G' tes. Palae on the lower trias of the Himalayas. On thf

artesian wells at Pomiicherry, and the possibility of finding such sources of water-supj

Madras.

,.—The Kurnaun lakes. On the discovery of a celt of palaeolithic type in the Punjab. Palae-

ontological notes from the Karharbari and South Rewah 1 Further notes on the

correlation of the Gondwana flora with other Boras. Additional note on the artesian wci

Pondichcrry. Salt in Rajputana. Record of gas and mud eruptions on the Arakan 1

on 12th March 1879 and in June 1843.

x—On som ne deposits of the Northern Punjab, and the evidence they afford

m extreme climate during a portion of that period. Useful minerals of the Arvali region

Further notes on the correlation of the Gondwana flora with that of the Australian --

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.

1'art I.—Annual report for 1880. Geology of part of Dardistan, Baltistan, and neighbouring

districts, being fifth notice of the geology of Kashmirand neighbourit

some Siwalik carnivora. The Siwalik group of the S On the S

Rewah Gondwana basin. On the ferruginous beds associated with

north-eastern Ulster, in relation to Indian laterite. On some Rajmahal plants. Travelled

blocks of the Punjab. Appendix to ' Palaeontological notes on I as of the Hima

layas.' On some ma -ils from Perim Island, in the collection of the Bombay Br

of the Royal Asiatic Soci'

fart 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 remarki

on Jaipurite (Syepoorite). On the occurrence of zinc ore (Smithsonite and Blende'

barytes, in the Karnul district, Madras. Notice of a mud eruption in the island of Cheduba

Part 3.—Artesiai Q India. On oligoclase granite at Wangtu on the Sutlej, nori

Himalayas. On a fish-palate from the Siwaliks. Palaeontological notes from the Hazaribagh

and Lohardag; Undescribed fossil carnivora from the Siwalik hills in the collec

tion of the British Museum.

Port 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 vid the Sach Pass. On the South Rewah Gondwana basin.

Submerged forest on Bombay Island.

Vol. XV, 1882.

Part 1.—Annual report for 1881. Geology of North-west Kashmir and Khagan (beinr.

ce of geology of Kashmir and neighbouring territories). On some Gondwana la

rinthodonts. On some Siwalik and Jamna mammals. The geology of Dalhousie, N. ■

west Himalaya. On remains of palm leaves from the (tertiary) Murree and Kasauli beds

in India. stnine from the Noa-Uibing river, Upper Assam, and on platinum

m Chutia Nagpur. On (1) a copper mine lately opened near Yongri bill, in the Dar-

g 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

net and the Western Duars). Analyses of coal and fire-clay from the Makum coal

field. Upper Assam. Experiments on the coal of Pind Oadun Khan, Salt-range, with

ferenre 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

ils. On the coal-besring rocks of the valleys of the Upper Rer and the Mand rivers in

Chutia Nagpur. On the Pench river Chhindwara district, Centra]

Provinces. O oal at Engsein, British Burma On sapphires recently

Himalaya. Notice oi ion from one of the

mm] voicaii



 

Cin A clrull

Part 3.— Note on the coal of Mach (Much) in the Bolnn Pass, and of Sharlg or !

the Harnai route between New faces observed

the Western Ghats, Bombay. On the traps of Darang and M.i

Himalayas. Farther note on the connexion between the Hazara an<:

On the Uniaria coal-field (South Rewah Gondwana basin). The D.-ir,

Hills, Assam. On the outcrops of coal in the Myanoung division of

Part 4.— On a traverse across some gold-fields of Mysore. Record of b I Bed-

dadanol, Godavari district, in 1874. Note on the supposed occurrence of coal on

Kistna.

Vol. XVI, 1883.

Part I.—Annual report for 1882. On the genus Richthofenia, Kays (AnomiaLawrenciana,

Koninck). On the geology of South Travancore. On the geology of Chamba. On

basalts of Bombay.

Part 3.—Synopsis of the fossil vertebrata of India. On the Bijori Labyr

llippotherium antilopinuin. On the iron ores, and sul

ron, in the north-eastern part of the Jabalpur district.

ese ore occurring at Gosulpore, Jabalpur district. Further note'

Part 3.—On the micr- ks. On the

probable occur ,valik strata in China and Japan. On the oc,

angustidens in India. On a traverse between Almora and '

On the cretaceous coal-measures at Borsora, in the Khaai

Putt 4.— Palaeontologiral notes from the D.i

On the altered basalts of the Dalhousie region in the Nor

microscopic structure of some Sub-Himalayan rock

jaunsar and the Lower Himalayas. On a traverse throui

North Cachar Hills. On native lead from Mtulmain and chr

Islands. Notice of a fiery eruption from one of the mud volcanoes of Cheduba

Notice.—Irrigation from wells in the North-Western Provinces and Oudh.

Vol. XVII, 1884.

, —Annual report for 1S83. Considi th.water an r mud

banks of Narrakal and Alleppy on the Travancore coast. 1

other caves in the Kurnool district. On the geology of the On .anas

of Chamba. On the occurrence of the genus Lyttonia, Waagen, in the Kulin.

Kashmir.

Part 2.— Notes on the earthquake of 31st December 1881. On the n

some Himalayan granites and gneissose granites. Report on the

the re discovery of certain localities for fossils in the Siwalikbeds. O'

resources of the Andaman Islands in the neighbourhood of Port Blair. The intertrar

beds in the Deccan and the Laramie group in western North America.

j - On the microscopic structure of some Arvali rocks. Sec

Peshawar Valley to the Salt-range. On 11 ites for bo

Hingir coal-field (first notice). Note on Kg Kaipore, Central Provinces

quoise mines of NishnpQr, Khorassan. Notice of a further fiery erupts

mud volcano of Cheduba Island, Arakan. R' Langrin coal-t

Khasia Hills. Additional notes on the Umaria coal-h<

j —On the Geology of part of the Gangasulan pargana of 1

• < and schists imbedded in the :

west Himalayas. On the geology of the Takht-i-Suleiman. On the

ages of the Travancore coast. On aun' if the Pubansiri river, P

lignite, and Phospbatic rocks at Musuri. Work at the Billa Surgam caves.

Vol. XVIII. 1885.

part j.—Annual report for 1884. On the country between the Singareni

Kistna river. Geological sketch of the country between the Singareni ce

derabad. On coal and limestone in the Doigrung river, near Golaghat, Asset

taxis, as illustrated from Indian formations. Afghan field-notes.

Part 2.— A fofsiiiferous series in the Lower Himalaya, Garhwal. On the pm

Mandhali series in the Lower Himalaya. On a second species of Siwalik

Antiquus, nobis ex Fale. and Caut. MS.). On the Geology of <

lity of obtaining water by means of artesian wells in the plains of 1

considerations upon artesian sources in the plains of Upper India. 0

Aka Hills. On the alleged tendency of the Arakan mud volcanoes to

most frequently during the rains. Analyses of phosphatic nodules ana rock :

sooree.

Part 3.— On the Geology of the Andaman Islands. On a third species of Merycopotamui.

Some observations on percolation as affected by current. Notice

Chandpur meteorites. Report on the oil-wells and coal in the Thayetmyu

Burma. On some antimony deposits in the Maulmain district. On

quake of 30th May 1885. On the Bengal earthquake of 14th July 1885.

Part 4. Geological work in the Chhattisgarh division oi the Central Provinces. Oo the I

earthquake of July 14th, 1885. On the Kashmir earthquake of 30th May 1885. Oi

results of Mr. H. B. Foote's further excavations in the Billa Surgam caves. Or,

mineral hitherto known as Nepaulite. Notice of the Sabetmahet meteorite.



 

Vol. XI X, 1S86.

Part /.—Annual report for 1885. On the International Geological Congress of Berlin

some Palaeozoic Fossils recently collected bv Dr. H. VVarth, in the O

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 S'ltlej valley.

Patti.—On the Geology of parts of Bellary and Anantapur districts. Geology of the Upper

Debing 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.

Fart 3.— Geological sketch of the Vizagapatam district, Madras. Preliminary note 00 tne

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 B.ilai'h.'it 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 t.—Annual report for 1886. Field-notes from Afghanistan : No. 4, from Turkis'an 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

-acter 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—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. Mushketoff's Geology of Russian

Turkistan. Crystalline and metamorphic rocks of the Lower Himalaya, Garhwal. and Ku-

maun, Section 1. 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.

Vol. XXI, 1888.

Pari I.—An nun I 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

oal. A facetted pebble frcm the boulder bed ('speckled sandstone') of

iiel 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 rocks of the

districts of Raipur and Balaghat, Central Provinces. On the Sangar Marg and Mehowgale

coal-fields, Kashmir.

part 3 uganese Iron and Manganese Ores of Jabalpur. 'The Carboniferous Glacial

Period.' The sequence and correlation of the pre-tertiary sedimentary formations of the

region of the Lower Himalayas.

Part 4.—On Indian fossil vertebrates. On the geology of the North-west Himalayas. On

bloi >ck sculpture. Re-discovery of Numir.ulites in Zar.skar. On some mica-

ip» from Barakar and Raniganj.

Vol. XXII, 1889.

Part /.—Annual report for 1888. The Dharwar System, the chief auriferous rock-s-ries in

South India. (Second notice.) On the Wajr.i 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 ltacolumite. with special

reference to its nature and mode of occurrence in India, and the cause of its flexibility.

On Siwaltk and Narbada Chelonia.

Parts.— Note on Indian Steatite. Distorted pebbles in the Siwalik 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 Nehal Nadi,

Kumaun. On some ol the materials for pottery obtainable in the neighbourhood of jabal

pur and of Umaria.



 

Part J.—Abstract report on the ops in the
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of G Ceylon. Extra*

trip to the Giaciers of the Kabru, Pandim, Ac. The Salts of the Sambha:

putana, and of the Saline efflorescence called 'Reh' from Aligarh in the Norti

Provinces. Analysis of Dolomite froui the Salt-range, Punjab.
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Hills. On Mineral Oil from the Suleiman Hills.

Report on the Coal-fields in the No
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Mines in the MainglAn State. Note on a j

Part 3.— Boring Exploration in the Daltongunj C
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(with two plates).

Vol. XXV, 1892.

Part /.— Annual report for 1891. Report 0% tht

country (with a map and 5 plate-

Salt-range, Pio recent and Ren

Pishin and the Dasht-i-Bedaolat ; with appendices on the Cliani-

Artesian water-supply of Quetta and Pishin (with one plate).

s of sections). Report on a Sv-

Jherria Coal-field (with a map ai

beffkinite. Geological !
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urma. Preliminary Report on the Iron-Ores ana

On the Occurrence of Riebeckite in India. Coal

River, Mergui District, Lower Burma.

Patt 4.— Report on the Oil-Springs at Moghal Kot in the Shirani

Second Note on Mineral Oil from the Suleiman Hills. On a Sew Fossi

Resin occurring in Burma. Preliminary notice on the Triassic Deposits of tn

Vol. XXVI, 1893.

Pa'! I.—Annual report for 1892. Notes on the Central Himalayas (with map

, occurrence of Jadeite in Upper Burma (with a map). On

Burmite, a new Fossil Resin/rem Upper Burma. Report cm tie

Metgui District, 1851-92.

of Thai Chottfli and p,

Notes on the Boulder-bed of

of the valley pi.



 

Part 3.—Notes on the earthquake in Baluchistan on the 20th December 1899 (with 2 plate*).

Farther Note on Burmite, o new amber-like fossil resin from Upper Burma. Note an

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 I plate). On a deep Boring at Chandernagore. Note on

Granite in the districts »/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 3 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-

lopite (Haughton) (with a plate).

Vol. XXVII, 1894.

Part /.—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, Garhwal (with 5 plates and 2 maps).

Part 3.—On the Cambrian Formation of the Eastern Salt-range (with a plate). TheGiridih

(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 (?) Flints in the Upper Miocene

of Burma (with a plate). Note on the Occurrence of Velates Schmideliana, Chemo.,

and Provelates grandis, Sow. sp., in the Tertiary Formation of India and Burma (with

2 plates).

Part 4.— Note on the Geology of Wuntho in Upper Burma (with a map). Preliminary

notice on the Echinoids /rom the Upper Cretaceous System of Baluchistan. On Highly

Phosphatic Mica-Peridotites intrusive in the Lower Gondwana Rocks of Bengal. On a

Mica-Hypecsthcne-Hornblende-Peridotite in Bengal.

Vol. XXVIII, 1895.

Part /.— Annual report for 1894. Cretaceous Formation of Pondicherry. Some early allu

sions to Barren Island; with a few remarks thereon. Bibliography of Barren Island and

Narcondam, from 1884 to 1894; with some remarks.

Part 3.—On the importance of Cretaceous Rocks of Southern India in estimating the geo

graphical conditions during later cretaceous times. Report on the Experimental Boring

for Petroleum at Sukkur, from October 1893 to March l8g£. The development and Sub

division of the Tertiary system in Burma.

Part 3.— On the Jadeite and other rocks, from Tammaw in Upper Burma. On the Geology of

the Tochi Valley. On the existence of Lower Gondwanas in Argentina.

Part 4. On the Igneous Rocks of the Giridih (Kurhurbaree) Coal-field and their Contact

Effects. On some outliers of the Vindhyan system south of the Sone and their relation

to the so-called Lower Vindhyans. Notes on a portion of the Lower Vindhyan area of the

Sone Valley. Note on Dr. Fritx Nobtling's paper on the Tertiary system in Burma, in

the Records of the Geological Survey of India for 189S, Part 2.

Vol. XXIX, 1896.

Parti-—Annual report for 1895. On the Acicular inclusions in Indian Garnets. On the

Origin and Growth of Garnets and of their Micropegmatitic inteigrowths in Pyroxenit

rocks (with 1 plate).

Part 3.—Notes on the Ultra-basic rocks and derived minerals of the Chalk (Magnesite) hills,

and other localities near Salem, Madras (with 3—6 plates). Preliminary notes on some

Corundum localities in the Salem and Coimbatore districts, Madras (with 7—9 plates).

On the occurrence of Corundum and Kyanite in the Manbhum district, Bengal. On

the papers by Dr. Kossmat and Dr. Kurtz, and on the ancient Geography of

" Gondwana-land." Note from the Geological Survey of India.

part 3. On some Igneous Rocks from the Tochi Valley. Notes from the Geological Survey

of India.

Part 4.— Report on the Steatite mines, Minbu District, Burma. Further notes on the Lower

Vindhyan (Sub-Kaimur) area of the Sone Valley, Rewah. Notesfrom the Geological Sur

vey of India.
7 J Vol. XXX, 1897.

Parti. Annual Report for 1896. On some Norite and associated Basic Dykes and Lava-

flows in Southern India (with Plates I to II). The reference of the genus Vertebraria.

On a Plant of Glossopteris with part of the rhisome attached, and on the structure

ol Vertebraria (with Plates III to V).

Part 2.—The Cretaceous Deposits of Pondicherri (with Plates VI to X). Notes from the

Geological Survey of India.

Part 3.—Note on flow-structure in an igneous dyke (with plate XI). Additional note on the

Olivine-norite dykes at Coonoor (with plate XII). Report on some trial excavations for

corundum near Palakod, Salem District (with plate XIII). Report on the occurrence of

coal at Palana village in Bikanir State (with plate XIV). An account of the geological

specimens collected by the Ai'ghan-Baluch Boundary Commission of 1896 (with

plate XV).



 

A number of the Records will be issued in (he months of February, May, August, and

November in each year. Each number will contlin tho additions to Library and donations to

Museum up to the first of the next preceding month,—that is, to the end of March, June,

September, and December.

Some extra copies of special papers are printed, and may be available separately.

Subscription for the year . . . . .4

Price of each Number .3

Postage, if for India, 4 annas additional.

„ ,, Great Britain, 8 annas or u. per annum.

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. Pric.

Vol. a. Extra-Peninsular Area. J rupees {out ofprint).

Vol. 3. Economic Geology. By V. Ball. Price 5 rupees (out ofprint).

Vol. 4. Mineralogy. By F. R. Mallet. Price a rupees.

A Manual of the Geology of India, and 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 a 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. Pakeontological collections. By O. Feistmantel. (18S1.) Price a 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. By

K. R. Mallet. (1883.) Price 2 rupees.

An Introduction to the Chemical and Physical study of Indian Minerals. By T. H. Holland.

(1895). Price 8 annas.

Catalogue of the remains of Siwalik Vertebrata contained in the Geological Department

Indian Museum. By R. Lydekker, Pt. I. Mammalia. (1885.) Price 1 ruoee. Pt. IL

Aves, Reptilia, and Pisces. (1886.) Price 4 annas.

Catalogue of the remains of Pleistocene and Pre-Historic Vertebrata contained in the Geolo

gical 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 Geological structure and stability of the hill slopes around Naini Tal. By

T. H. Holland. (1897.) Price 3 rap

Report on the Inspection of Mines in India for 189J-94

1 rupee.

Report on the inspection of Mines in India for 1894-95.

a rupees.

Report on the inspection of Mines in India for 1895 96.

1 rupee.

Geological map of India, 1893. Scale 1"—96 miles. Price 1 rupee

By James Grundy.

By James Grundy.

By James Grundy.

(«894.)

(1896.)

Price

Price

(1807 )

To be bad on application to the Registrar, Geological Survey of India, Calcttla,

London: Kegan Paul, Trench, Triiboer Si Co.
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PART i.] Donations to the Museum.

ADDITIONS TO THE LIBRARY.

From ist October to 31ST December 189G.

Titles of Books. * Donors.

Baird, A. W.—Report on the tidal disturbances caused by the volcanic eruptions at

Java. Flsc, Calcutta, 1884. Government of India.

Bronn, H. G.— Klassen und Ordnungen des Their-Reichs. Band HI, lief 22—23. 8°

Leipzig, 1806.

Cassino, S. E.—The Scientist's International Directory. 8° Boston, 1896.

Deutsch, ff.— Le Petrole et ses applications. 8° Paris.

Fournier, E.—Description Geologique du Caucase Central. 40 Paris, 1896.

Facultb des Sciences pe Marseille.

Gerland, G.—Beitrage zur Geophysik. Band III, heft 1. 8° Leipzig, 1896.

LlFPARl NT, A. de.— Lecons de Geographie Physique. 8° Paris, 1896.

Meunier, £.—Revision des Fers Met£oriques. 8° Pam. Autun., 1893. Thb Author.

„ Revision des LithosideVites. 8C Pam. Autun., 1895. The Author.

Middlbmiss, C. S.—Reports on the Magnesite Areas near Salem and on some Corun

dum localities in the Salem and Coimbatore Districts. 8" Pam.

Madras, 1895. Madras Government.

„ Supplementary Report on some Corundum localities in the Salem

District. 8° Pam. Madras, 1856. Madras Government.

Papers relating to the landslip at Gohna in British Garhwal. Flsc, Calcutta, 1896.

Government op India.

Tables for transliteration of Burmese into English. 8° Rangoon, 1896.

Chief Commissioner, Burma.

Verbeek, R. D. M.—A short report on the eruption of Krakatau, translated by

J. J, Konigs. Flsc. Simla, 1884. Government of India.

PERIODICALS, SERIALS, etc.

American Geologist. Vol. XV III, Nos. 3—5. 8° Minneapolis, 1896.

Thb Editor.

„ Naturalist. Vol. XXX, Nos. 357—359- 8° Philadelphia, 1896.

Annalen der Physik und Chemie. Neue Folge, Band LIX, heft 1—4. 8° Leipzig,

1896.

Annals and Magazine of Natural History. Vol. XVIII, Nos. 106—108. 8° London,

1896.

Athenaeum. Nos. 3594—3607. 40 London, 1896.

Beiblatter zu den Annalen der Physik und Chemie. Band XX, Nos. 9—10. 8° Leipzig,

1896.

Chemical News. Vol. LXXIV, Nos. 1920— 1933. 8° London, 1896.

Colliery Guardian. Vol. LXXII, Nos. 1863- 1876. Fol., London, 1896.

Geological Magazine. New series, Decade IV, Vol. Ill, Nos. 10-12. 8° London, 1896.

Industries and Iron. Vol. XXI, Nos. 1235— 1248. 40 London, 1896.

Journal of Geology. Vol. IV, No. 6. 8° Chicago, 1896.

London, Edinburgh and Dublin Philosophical Magazine and Journal of Science. Vol

XLII, Nos. 257—259. 8° London, 1896.

M ining Journal. Vol. LXVI, Nos. 3185—3198. Fol., London, 1896.

I



Records of the Geological Survey of India. [vol. XXX.

Titles of Books. Donors.

Natural Science. Vol. IX, Nos. 56—58. 8° London, 1896.

Nature. Vol. LIV, No. 1402, to LV, No. 1415. 8° London, 1896.

Neues Jahrbuch fur Mineralogie, Geologie, und Palaeontologie. Beilage-Band, X, heft

3. 8" Stuttgart, 1896.

Palseontographica. Band XLIII, heft 3-4. 40 Stuttgart, 1896.

Petermann's Geographischer Mittheilungen. Band XLII, Nos. 9—11. 40 Gotha, 1896.

The Editor.

Scientific American. Vol. LXXV, Nos. 9—22. Fol., New York, 1896.

„ Supplement. Vol. X LI I, Nos. 1078—1091. Fol., New York, 1896.

Tschermak's Mineralogische und Petrograpliische Mittheilungen. Band XVI, heft

2—4. 8° Wien, 1896.

Zeitschrift fur Krystallographie und Mineralogie. Band XXVII, heft 1—4 8° Leipzig,

1896.

„ Praktische Geologie. Heft 9—11. 8° Berlin, 1896.

GOVERNMENT SELECTIONS, REPORTS, etc.

Bombay.—Selections from the Records of the Bombay Government, New series, Nos.

346—349> 35' and 352- Fls<=-» Bombay, 1896.

Bombay Government.

India.— Agricultural Ledger. No. 25 (1895), and Nos. 8, 10, 19, 20, at, 28 and 29

(1896). 8° Calcutta, 1896. Government op 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, No. XIII, Vols. 1—2 (t88o), and XXX Vols. 1—2 I1896).

4° Calcutta, 1880 and 1896. Government of India.

„ History of Services of officers holding gazetted appointments in the Home,

Foreign, Revenue and Agricultural and Legislative Departments,

corrected to 1st July 1896. 8° Calcutta, 1896.

Government op India.

„ List of Civil Officers holding gazetted appointments under the Government

of India, in the Home, Legislative, Foreign, and Revenue and Agri

cultural Departments, corrected to 1st July, 1896. 8° Calcutta, 1896.

Government op India-

„ Report of the Intelligence officer on tour with the Superintendent, Northern

Shan States, 1895—96. Flsc, Rangoon, 1896.

Quarter Master General in India.

„ Selections from the Records of the Government of India, Foreign Department.

Nos. 329 and 338. Flsc, Calcutta, 1896. Governmbnt op India.

TRANSACTIONS, PROCEEDINGS, etc., OF SOCIETIES, SURVEYS, etc.

Adelaide.—Report on Northern Territory. By R. Tate. Flsc. Pam., Adelaide, 1S82.

Reports on Geology of country east of Farina and northward to Lat.

230 10'. By H. P. Woodwards. Flsc. Pam., Adelaide, 1884.

„ Report on the Geological character of country passed over from Port

Augusta to Eucla. By H. Y. L. Brown. Flsc. Pam., Adelaide, 1SS5.



PAKT I.] Additions to the Library.

Titles of Books. Donors.

Adelaide.—Geological Map of Barossa and Para Wirra. With notes by H. Y. L.

Brown. Flsc. Pam., Adelaide, 1885.

„ Report on Geology and Mineralogy of Northern Territory. By J. E.

Tennison Woods. Flsc. Pam., Adelaide, 1886.

„ Notes on Geological Map of Gumeracha and Mount Crawford Goldfields-

By H. P. Woodwards. Flsc. Pam., Brisbane, 1887.

„ Report on the Ulooloo Goldfield. By H. Y. L. Brown. Flsc. Pam.,

Brisbane, 1887.

,, Report on a journey from Adelaide to Hale River. By H. Y. L. Brown.

Flsc. Pam., Adelaide, 1889.

„ Report of Geological examination of country in the neighbourhood of Alice

Springs. By H. Y. L. Brown. Flsc. Pam., Brisbane, 1890.

„ Report on a journey from Warrina to Musgrave Ranges. By H. Y. I..

Brown. Flsc. Pam., Brisbane, 1890.

„ Journal of Mr. W. H, Tietkins' Central Australian exploring expedition.

Flsc. Pam., Adelaide, 1890.

„ A Record of the Mines of South Australia. Flsc. Pam., Brisbane, 1890.

„ Reports on coal-bearing area in the neighbourhood of Leigh's Creek. By

H. Y. L. Brown. Flsc. Pam., Brisbane, 1891.

„ Further Geological examination of Leigh's Creek and Hergott Districts.

By H. Y. L. Brown. Flsc. Pam., Brisbane, 1892.

„ Catalogue of South Australian minerals. By H. Y. L. Brown. Flsc.

Pam., Adelaide, 1893.

„ Annual Report of the Government Geologist for the year ending 30th

June 1894. Flsc. Pam., Brisbane, 1894.

Geological Survey, South Australia.

„ Transactions of the Royal Society of South Australia. Vol. XX.pt. 1.

8° Adelaide, 1896. The Society.

Baltimore.—American Chemical Journal. Vol. XVII, Nos. 8—10, and XVIII,

Nos. x—5. 8° Baltimore, 1895-96. Johns Hopkins University.

„ American Journal of Mathematics. Vol. XVII, No. 4, and XVIII,

Nos. 1—2. 40 Baltimore, 1895-96. Johns Hopkins University.

„ American Journal of Philology. Vol. XVI, Nos. 2—4, 8° Baltimore,

1895. Johns Hopkins University.

„ Johns Hopkins University Studies in Historical and Political Science.

Series XIII, Nos. 9—12, and XIV, Nos. 1—5. 8° Baltimore, 1895-

1896. Johns Hopkins University.

Basel.—Verhandlungen der Naturforschenden Gesellschaft. Band IX, heft 3 ; X, heft

3 ; and XI, heft 1—2. 8° Basel, 1893, and 1895-96. The Society.

Belfast.— Report and Proceedings of the Belfast Natural History and Philosophical

Society for 1895-96. 8° Belfast, 1896. The Socibty.

Berlin.—Sitzungsberichte der Kon. Preuss. Akad. der Wissenschaften. Jahrg. 1893,

Nos. 39—53 and index, and Jahrg, 1896, Nos. 24—39. 8° Berlin,

1893 and i8„6. The Academy.

„ Verhandlungen der Gesells. fur Erdkunde. Band 'XXIII, Nos. 7—8. 8°

Wien, 1896. The Society.

„ Zeitschrift der Gesells. fur Erdkunde. Band XXXI, No. 4. 8" Wein, 1896.

The Society*
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Berlin.—Deutschen Geologischen Gesellschaft. Band XLVI1I, heft a. 8° Berlin,

1896. The Socibtt.

Bombay.—Journal of the Bombay Natural History Society. Vol. X, No. 3. 8° Bombay,

1896. The Society.

Boston.—Proceedings of the Boston Society of Natural History. Vol. XXVII, pp.

7—74. 8" Boston, 1896. The Society.

Brbslau.—Jahres-bericht der Schlesischen Gesellschaft fur, Vater. Cultur. No. 73, and

Supplement No. 4. 8° Breslau, 1896. The Society.

Brisbane.—Geological Observations in British New Guinea in 1891. By A. Gibb

Maitland. Flsc. Brisbane, 1892.

Geological Survey, Queensland.

„ Proceedings and Transactions of the Queensland Branch of the Royal

Geographical Society of Australasia. Vol. XI. 8° Brisbane, 1896.

The Society.

Bristol.—Proceedings of the Bristol Naturalists' Society. Vol. VIII, No. 1, and List of

officers. 8° Bristol, 1896. The Society.

Brussels.—Annates du Mus^e Royal D'Histoire Naturelle de Belgique. Tome XII,

Text and Plates. 40 Bruxlles, 1896. The Museum.

Bucharest.—Anuarulii Museului de Geologia si de Paleontologia, 1894. 8° Bucuresei,

1895. The Musbum.

Budapest.—Geologische Mittheilungen Zeilschrift der ungarischen Geologischen Gesell

schaft. Vol. XXII, Nos. 11— 12; XXIII, Nos. 1—12, and XXV,

Nos. 1— 12. 8° Budapest, 1892-93 and 1895. The Society.

„ Erlauterungen zur Geologischen Specialkarte der lauder der ung. Krone.

B1^ZOCo,:2XXX1I3,a"d ZOCoe,.I5XXVIl6' 8° Bud^' ^

Hungarian Geological Institute.

„ Jahresbericht der Kg 1. Ung. Geologischen Anstalt fur 1891 and 1893. 4-°

Budapest, 1893 and 1895. Thb Institute.

„ Mittheilungen aus dem Jahrbuche der Kon Ungarischen Geologischen

Anstalt. Vol. IX, Nos. 5 and 7, and X, 3—5. 8° Budapest, 1891, 1892,

189+ and 1895. The Institute.

„ Termeszetrajzi Fiizetek. Vol. XIX, parts 3—4. 8° Budapest, 1896.

Hungarian National Museum.

Buenos Airbs.—Anales del museo Nacional de Buenos Aires. Tome IV. 8' Buenos

Aires, 1895. The Musbum.

„ Boletin de la academia Nacional de Ciencias en Cordoba. Tome

XIV, Nos 3—4. 8° Buenos Aires, 1896. Thb Academy.

Calcutta.—Annual Report of the Economic and Art Section of the Indian Museum

for 1894-95. 8° Calcuita, 1896. The Museum.

„ Indian Museum Notes. \ol. I, Nos. 1—2. 8° Calcutta, 1889.

Thb Museum.

„ East Indian Railway.—Giridih Coal Field—Sections of strata passed

through in borings and sinkings on Kurhurbaree and Serampore Estate.

By W. Saise. 8° Calcutta, 1895. The Author.

„ Geological Survey of India—Quarterly Notes. No. 4. Flsc. Calcutta, 1896.

Geological Survey of India.
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Titles of Books. Donors.

Calcutta.— Records of the Geological Survey of India. Vol. XXIX, No. 4. 8?

Calcutta, 1896. Geological Survey of India.

„ Indian and Eastern Engineer. Vol. XXVII, Nos. 494—506. Fol.

Calcutta, 1896. The Editor.

„ Indian Meteorological Memoirs. Vol. VI, part 3. 40 Calcutta, 1896.

„ Report on the Administration of the Meteorological Department of the

Government of India in 1895-96. 40 Calcutta, 1896.

Meteorological Reporter to the Government of India.

,, Journal of the Asiatic Society of Bengal. Vol. LXV, part II, No. 3. 8°

Calcutta, 1896. The Society.

„ Proceedings of the Asiatic Society of Bengal. No. 8, 8° Calcutta, 1896.

The Socibty.

„ Proceedings and Journal of the Agricultural and Horticultural Society of

India. Vol. X, July to September 1896. The Society.

„ Survey of India Department Notes for September to November 1896.

Flsc, Calcutta, 1896. Survey of India Department.

Cambridgb.—Proceedings of the Cambridge Philosophical Society. Vol. IX, pt. 3.

8° Cambridge, 1896. The Society.

„ Transactions of the Cambridge Philosophical Society. Vol. XVI, pt, 1.

40 Cambridge, 1896. The Society.

Cambridge, Mass.—Bulletin of the Museum of Comparative Zoology. Vol. XXX,

No. 1. 8° Cambridge, Mass., 1 896. Thi Museum.

Canada.—Journal and Proceedings of the Hamilton Association for 1895-96. No. 12.

8° Canada, 1896. The Association.

Cinncinati.—Journal of the Cincinnati Society of Natural History. Vol. XVII I»

Nos. 3-4. 8° Cincinnati, 1896. Thb Society.

Copenhagen.—Oversigt over det Kongeliga Danske Videnskabernes selskabs For-

handlingar. Nos. 4-5. 8° Kobenhavn, 1896. The Academy.

Dresden.—Sitzungsberichte und Abhandlungen der Naturwiss. Gesells. Isis. January—

June 1896. 8° Dresden, 1896. The Society.

Edisburgh.— Proceedings of the Royal Society of Edinburgh. Vol. XX. 8'

Edinburgh, 1895. The Socibty.

„ Transactions of the Royal Society of Edinburgh. Vol. XXXVII, pts. 3—4

and XXXVIII, pts. 1-2. 4° Edinburgh, 1894-1896. The Society.

„ Scottish Geographical Magazine. Vol. XII, Nos. 9-12. 8° Edinburgh,

1896. The Socibty.

Halifax.—Proceedings and Transactions of the Nova Scotian Institute of Science. 1st

series, Vol. VII, pt. 4, and 2nd series. Vol. I, pts. i-» ; and Vol. II,

pt. 1. 8° Halifax, I890-1892 and 1896. The Institute.

Halle.—Abhandlungen der Naturforschenden Gesellschaft. Band XVIII, heft 2-4 ;

XIX, heft i-a ; and XX 8° Halle, 1893-1894. The Society.

„ Bericht uber die Sitzungen der Naturforschenden Gesellschaft, Jahre 1892. 8°

Halle, 189?. The Society.

„ Nova Acta academic Caesareae Leopoldino-Carolinae Germanicae Naturae

curiosorum. Vols. LXIII—LXIV. 4° Halle, 1895. The Academy.
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Halle.—Leopoldina Acta academie Caesareae Leopoldino-Carolinae Germatiicae

Naturae curiosorum. Vol. XXXI, 40 Halle, 1895. The Academy.

„ Katalog der Bibliothek Caesareae Leopoldino-Carolinae Germanicae

Naturae curiosorum. Band II, heft 3. 81 Halle, 1895. The Academy.

Lausanne.—Bulletin delta Socie'te' Vaudoise des sciences Naturelles, Vol. XXXII, No.

120.80 Lausanne, 1896. The Society.

Leiden.—Sammlungen des Geologischen Reichsmuseums in Leiden. Band V, heft

2-3. 8° Leiden, 1 896.

LigGB. Annales de la Socie'te' Geologique de Belgique. Tome XXIII, livr 2. 8"

Liege, 1895-1896. The Society.

Leipzig.—Abhandlungen der Mathematisch-Physischen classe der K. Sach. Gesells.

der Wissenschaften. Band XXI II, Nos. 2-3. 8° Leipzig, 1896.

The Society.

„ Berichte fiber die Verhandlungen der K. Sach. Gesells. der Wissenschaften.

Mathe.-Phys. classe. Nos. 2-3. 8° Leipzig, 1896. TheSocibty.

London.— Catalogue of the Fossil Bryozoa in the Department of Geology, British

Museum (Natural History). 8° London, 1896. The Museum.

,, Catalogue of the London Library with Appendix and Index. By R. Harrison.

8° London, i883. The Library.

„ Hrst Annual General Report upon the Mineral Industry of the United Kingdom

of Great Britain and Ireland for 1S94. Flsc, London, 1895.

Revenue and Agricultural Department.

„ Geographical Journal. Vol. VIII, Nos. 4-6. 8° London, 1896. Thb Society.

„ General Report on the Coal Production of the principal countries of the

World. Flsc, London, 1895.

Revenue and Agricultural Department.

„ Journal of the Chemical Society. Nos. 363 aud 371 and 406—408. 8° London,

1896.

„ Journal of the Society of Arts. Vol. XLIV, No. 2286 to Vol. XLV, No-

2299. 8" London, 1896. The Society.

„ List of the vertebrated animals now or lately living in the Gardens of the

Zoological Society of London. 8° London, 1896. The Society.

„ Proceedings of the Zoological Society. Part 3. 8° London, 1896.

The Society.

„ Transactions of the Zoological Society. Vol. XIV, Part 2. 40 London, 1896.

Thb Society.

„ Proceedings of the Royal Society. Vol. LIX, Nos. 358-359. 8° London,

1S96. The Socibty.

„ Quarterly Journal of the Geological Society. Vol. LII, No. 208. 8° London,

1896. The Socibty.

„ Rules and list of members of the Iron and Steel Institute. 8° London, 1896.

The Institute.

„ The Larva: of the British Butterflies and Moths. By William Buckler. Vol.

VI, part 3. 8° London. 1895. (Ray Society).

Madrid.—Boletin de la Sociedad Geografica de Madrid. Tome XXXVIII, Nos. 4—6.

8° Madrid, 1896. The Society.

6



PART I.] Additions to the Libtary.

TitUs of Books. Donors.

Manchester.— List of members of the Manchester Literary and Philosophical Society.

8° Manchester, 1896.

„ Memoirs and Proceedings of the Manchester Literary and Philosophi

cal Society. Vol. XLI, part 1. 8° Manchester, 1896.

The Society.

„ Transactions of the Manchester Geological Society. Vol. XXIV,

part 10. 8° Manchester, 1896. Thb Society.

Melbourne.—Annual Report of the Secretary for Mines, 1895. Flsc. Melbourne,

1896. Department ok Mines, Victoria.

„ Proceedings of the Royal Society of Victoria. New Series, Vol. III. 8°

Melbourne, 1891. Thb Society.

Moscow.—Bulletin de la Societe Imperiale des Naturalistes de Moscou. Anee 1896.

Nos. 1—2. 8° Moscou, 1896. Thb Socibty.

Munich.—Abhandlungen der Mathematisch-Physikalischen classe der K. C. Akad.

der Wissenschaften. Band XIX, No. 1. 4° Munchen, 1896.

Thb Acadbmy.

„ Sitzungsberichte der Mathe.-Phys. classe der K. C. Akad. der Wissen

schaften. Heft. 2. 8° Munchen, 1896. The Academy.

NainiTal.—Report on the Southern Slope of Sher-ka-danda hill, with Introduction

and Preface, by F. E. G. Matthews. 8° Pam. Naini Tal, 189a.

Thb Author.

Naples.—Rendiconto dell' Accademia delle Scienze Fisiche e. Matematiche. Sene

3, Vol. II, fasc. 8—10. 8" Naples, 1896. The Academy.

Newcastle-upon-Tyne.—Transactions of the Federated Institution of Mining En

gineers. Vol. XI, part 3. 8° Newcastle-upon-Tyne, 1896.

Nbw Haven.—American Journal of Science. Vol. II, Nos. 9—12. 8° New Haven,

1896. Thb Editor.

New York.—Annals of the New York Academy of Sciences. Vols. VIII (Index) and

IX, Nos. 1—3. 8° New York, 1896. The Academy.

Ottawa.—Geological Survey of Canada. Annual Report. New Series, Vol. VII,

1894. With maps, Nos. 556, 557, 561—63, 567 and 571. 8° Ottawa,

1896. The Survby.

Paris.—Annales des Mines. SeYie 9"*, Tome X, livr. 7—8. 8° Paris, 1896.

Department of Mines.

„ Bulletin de la Socie"te" Francaise de Mineralogie. Tome XIX, Nos. 5—6. 8°

Paris, 1896.

„ Bulletin de la Socidte' de Geographie. 7" Sene, Tome XVII, No. 2. 8° Paris,

1896. Thb Society.

„ Bulletin de la Soci&e* Geologique de France. Serie 3*' Tome XXIV, Nos.

5-6. 8° Paris, 1896. Thb Socibty.

„ Memoiresde la Societe Geologique de France. Pahlontologie. Tome VI, fasc.

2-3. 4' Paris, 1896. The Socibty.

„ Collection de Minerologie du Museum d'histoire Naturelle : Guide du Visit-

eur. 8° Paris, 1896. The Musbum.

Philadelphia.—Journal of the Franklin Institute. Vol. CXLII, Nos. 849—850. 8°

Philadelphia, 1896. Thb Institute.
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Philadelphia.—Proceedings of the Academy of Natural Sciences. Parti. 8° Phila

delphia, 1896. The Acadbm-y-

■ „ Proceedings of the American Philosophical Society. Vol. XXXV..

No. 150. 8° Philadelphia, 1896. Thb Society -

„ Transactions of the American Philosophical Society. Vol. XVIII,

Part 3. 40 Philadelphia, 1896. Thb Society.

„ Transactions of the Wagner Free Institute of Science. Vol. IV. 8"

Philadelphia, 1896. The Institute-

RoCHESTfcR—Bulletin of the Geological Society of America. Vol. VII. 8° Rochester,

1896. ThbSocibty.

Rome. Atti della R. Accademia dei Lincei, Rendiconti. Serie V, Sems. 2, Vol. Vr

fasc. 4—10. 8° Roma, 1896. Thb Academy-

Bolletino della Societa Geologica Italiana. Vol. V, fasc. 3; VI, fasc. 1—4;

VII, fasc. 1—3 ; VIII, fasc. 1 and 3; IX, fasc. 3; X, fasc. 2—5;

XI, fasc. 1—3; XII, fasc. 1—4; XIII, fasc. 1—3; XIV, fasc. 1—2;

and XV, fasc. 1—2. With Index to Vole. 1—X, 1882—1891. 8tt

Roma, 1887—1896. The Socibty.

Salem.—Bulletin of the Essex Institute. Vol. XXVI, Nos. 7— 12, and XXVII, Nos.

1—6. 8° Salem, 1896. The Institute-

Proceedings of the American Association for the Advancement of Science,

Vol. XLIV. 8° Salem, 1895. The Association.

Springfield.—Bulletin of the Illinois State Museum. No. il. 8° Springfield, 180A

The Museum.

Stockholm. -Bihang till Kongl. Svenska Vetenskaps-Akademiens Handlingar.

Band XXI, parts 1—4. The Academy.

„ Lefnadsteckningar ofver K. Svenska Vetenskaps-Akademiens. Band

III, heft 2. 8° Stockholm, 1894. The Acadjmv.

Meddelanden frau Upsala universitats Mineralogisk-Geologiska Ins

titution. Nos. i—a2. 8° Stockholm, 1891—1896.

The Institution.

Meteorologiska Iakttagelser i. Sverige. Serie 2, Band XIX. 40 Stock-

holm, 1895. The Ac«>bmy.

St. Petersburg.—Bulletins du Comite Geologique. Vol. XV, Nos. 3—4. 8° St-

Petersburg, 1896. Thb Commission.

„ Memoires du Comite Geologique. Vol. XV, No. 2. 40 St. Petersburg,

1806, The Commission.

Travaux de la section Geologique du Cabinet de sa Majesty. Vol. I,

. livr. 1-2, and II, livr. 1. 8° St. Petersburg, 1895—1896.

Muse£ Geol. db l'univ. Imp. de St. Petersburg.

Sydney.—Journal and Proceedings of the Royal Society of New South Wales. Vol.

XXIX. 8* Sydney, 1896. Thb Society.

„, Proceedings of the Linnean Society of New South Wales. Vol. XXI,

pt.2. 8° Sydney, 1896. The Society.

Tokio.—Journal of the College of Science, Imperial University of Japan. Vol. X, pt, I.

40 Tokyo, 1896. The University*
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Titles of Books. Donors.

Turin.—Atti della B. Accademia delle Scienze, di Torino. Vol. XXXI, Nos. 12—15. 8°

Torino, 1896. The Academy.

Upsala.— Bulletin of the Geological Institution of the University of Upsala. Vol. IF,

pt. 2, No. 4- 8° Upsala, 1896. The Institution.

Vienna.—Abhandlungen der k. k. Geologischen Reichsanstalt. Band XVIII, heft

1. 4* Vienna, 1895. The Institute.

„ Jahrbuch der k. k. Geologischen Reichsanstalt. Band XLV, heft a—3. 8*

Vienna, 1896. The Institute.

Verhandlungen der k. k. Geol. Reichsanstalt. Nos. 10—12. 8° Wien, 1896.

Thb Institution.

„ Annalen des k. k. Naturhistorischen Hofmuseums. Band XI, No. 1.

8° Vienna, 1896. The Museum.

„ Geographische Abhandlungen. Vol. V, heft 5, and VI, heft 1 and 3 (atlas

only). 8° and fol., Wien, 1896.

Warsaw.— Annuaire Geologique et Mineralogique de la Russie. Vol. I, Iivr. 1. 40 Var-

sovi, 1896. Inst. Agronom. bt forestier.

Washington.— Annual Report of the United States Geological Survey. No. 15 ; and

No. 16, parts 2-4. FIsc. Washington, 1855.

The Survey.

„ Bulletin of the United States Geological Survey. Nos. 123-136 and

128, 129, and 131-134. 8° Washington, 1 895-1 896. The Survey.

„ United States Department of Agriculture, North American Fauna.

No. 12. 8° Washington, 1896.

U. S. Department op Agriculture.

Wellington.—Papers and Reports relating to minerals and mining. Flsc. Welling

ton, 1896. Department of Minbs, New Zealand.

MAPS.

Paris.—Ministere des Travaux Publics. Carte Geologique detailee de la France des

Feuilles de Dijon el Castellane. Fol., Paris, 1896. The Ministry.

G. 1. C. P. O.—No. 38 D. G. Survey— 26-2-97-620.





PART 2.] Donations to the Museum.

DONATIONS TO THE MUSEUM.

From ist February to 30TH April 1897.

Three small pieces of a meteorite that fell at Nawapali, Sambalpur district, Central

Provinces, on the 6th June 1890, at 6 p.m.

Sent by the Commissioner of Settlements and Agriculture, Central

Provinces, Nagpur.

ADDITIONS TO THE LIBRARY.

From ist January to 31ST March 1897.

Titles of Books. Donors.

Becker, p. F.—Some queries on rock differentiation. 8° Pam., New Haven, 1897.

The Author.

Bronn, H. G.—Klassen und Ordnungen des Their—Reichs. Band III, lief. 24—25 ;

Supplement Band IV, lief. 1—4, and Bp.nd VI, Abth. V, lief. 45—46.

8° Leipzig, 1896.

Draghicdnu, Math, M.—Les Tremblements de Terre de la Roumanie et des Pays

Environnants. 8° Bucuresci, 1896. Thb Author.

Mineral Statistics of the United Kingdom of Great Britain and Ireland, with the Isle of

Man, for 1895. Flsc, London, 1896. Government of India.

Norwegian-North Atlantic Expedition, 1876-78. Vol. XXIIIj Zoology, Tunicata :

Synascidise, by H. Huitfeldt— Kaas ; Ascidia; Simplices and Ascidia:

Composite by Kristine Bonnevie ; A list of Norwegian Ascidia; Sim

plices by Johan Kiaer ; On gemmation in Distaplia Magnilarva and

Pyrosoma Elegans by Kristine Bonnevie j and Germ-layer studies

based upon the development of Ascidians by Johan Hjort. 40

Christiana, 1896. Thb Committee.

O'Riley, E.—Report on the Mineral Resources of the Martaban District. Flsc, Calcutta,

1865. Government op India.

Rough conspectus of the tracts in which minerals are believed to exist in Burma, with

12 Maps. Flsc, Rangoon, 1895. Government op India.

Second Annual General Report upon the Mineral Industry of the United Kingdom of

Great Britain and Ireland for the year 1895. By C. Le Neve Foster.

Flsc, London, 1896. Secretary of Statb for India.

Stephanescu, S.—Carte Geologique de la Roumanie publiee par Mathi M. Draghicdnu.

8° Pam., Bucuresci, 1891. The Geological Bureau.

PERIODICALS, SERIALS, etc.

American Geologist. Vol. XVIII, No. 6 to Vol. XIX, Nos. 1—2. 8° Minneapolis,

1896-1897.

„ Journal of Science. Series 4, Vol III, Nos. 13—15. 8° New Haven, 1897.

Thb Editor.

Naturalist. Vol. XXX, No. 360 tp Vol, XXXI, Nos. 361-362. 8° Phila

delphia, 1 896- 1 897.

Annalen der Physik und Chemie. Band LX» heft. I—2. 8° Leipzig, 1897.

Annals and Magazine of Natural History. Vol. XIX, Nos. 109—III. 8° London,

1 896- 1 897.

II
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Titles of Books. Donors.

Athenseum. Nos. 3608—3620. 40 London, 1896-1897.

Beiblatter zu den Annalen der Physik und Chemie. Band XX, Nos. II—12, and XXI,

Nos. 1—2. 8° Leipzig, 1896-1897.

Chemical News. Vol. LXX1V, No. 1934 to Vol. LXXV, No. 1946. 8° London,

1896-1897.

Colliery Guardian. Vol. LXXII, No. 1877 to Vol. LXX1II, No. 1889. Fol., London,

1896-1897.

Geological Magazine. New series, Decade IV, Vol. IV, Nos. 1—3. 8° London,

1897.

Indian and Eastern Engineer. Vol. XXV III, Nos. 507—519. Folio, Calcutta, 1897.

Thb Editor.

Industries and Iron. Vol. XXI, No. 1249 to Vol. XXII, No. 1261. 4° London,

1896-1897.

Journal of Geology. Vols. IV, Nos. 7—8, and V, No. I. 40 Chicago, 1896-1897.

London, Edinburgh, and Dublin Philosophical Magazine, Vol. XLIII, Nos. 260—262.

8° London, 1896-1897.

Mineralogical Magazine. Vol. XI, No. 51. 8° London, 1896.

Mining Journal. Vol. LXVI, No. 3199 to Vol. LXVII, No. 3211. Folio, London,

1896-1897.

Natural Science. Vol. X, Nos. 59—61. 8° London, 1896-1897.

Nature. Vol. LV, Nos. 1416— 1428. 40 London, 1896-1897.

Neues Jahrbuch fur Mineralogie, Geologie und Palaeontologie. Jahrg. 1896, Band II,

heft 1—3, and Jahrg. 1897, Band I, heft 1. 8° Stuttgart, 1896-1897.

„ „ Beilage-Band XI, heft 1. 8° Stuttgart, 1897.

Petermann's Geographische Mittheilungen. Band XI. 1 1, No. 12 to Band {XLIII,

Nos. 1-2. 40 Gotha, 1896-1897. Thb Editor.

Scientific American. Vol. LXXV, Nos. 23—26, and Vol. LXXVI, Nos. 1—9. Fol.,

New York, 1896-1897.

„ „ Supplement. Vol. XLII, No. 1092 to Vol. XLIII, No. 1104.

Fol., New York, 1896-1897.

Tschermak's Mineralogische und Petrographische Mittheilungen. Vol. XVI, heft

5—6. 8° Wien, 1896-1897.

Zeitschrift der Gesellschaft fur Erdkunde zu Berlin. Band XXXI, heft 5—6. 8°

Berlin, 1896.

„ fur Krystallographie und Mineralogie. Band XXVII, heft 5—6. 8° Leipzig,

1896-1897.

„ fur Praktische Geologie. Heft 12 (1896) and heft 1—2 (1897). 40 Berlin

1896-1897.

Zoological Record. Vol. XXXII, 1895. 8° London, 1896. Thb Socibtt.

GOVERNMENT SELECTIONS, REPORTS, etc.

Assam.— Report on the Administration of the Province of Assam for 1895-96. FIsc,

Shillong, 1896. Chief Commissioner, Assam.

Bengal.—Report on the Administration of Bengal, 1895-96. Flsc, Calcutta, 1896.

Bengal Government.
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Titles of Books. Donors.

Bombay.—Magnetical and Meteorological observations made at the Government Obser

vatory, Bombay, 1895. Flsc., Bombay, 1896.

Bombay Government.

„ Report on the Administration of the Bombay Presidency for 1895-96. Fife,

Bombay, 1896. Bombay Government.

„ Selections from the Records of the Bombay Government. New series,

Nos. 354—355. Flsc, Bombay, 1897. Bombay Government.

Burma.—Report on the Administration of Burma during 1895-96. Flsc, Rangoon,

1896. Chief Commissioner, Burma.

Central Provinces.—Report on the Administration of the Central Provinces for

1895-96. Flsc, Nagpur, 1897.

Chief Commissioner, Central Provinces.

Coorg.—Report on the Administration of Coorg for 1895-96. Flsc, Bangalore, 1896.

Chief Commissioner, Coorg.

Hyderabad.—Report on the Administration of the Hyderabad Assigned Districts,

1895-96. Flsc, Hyderabad, 1896.

Resident, Hyderabad.

India.—Administration Report on the Railways in India for 1895-96. Part 2. Flsc

Calcutta, 1896. Government of India.

„ Agricultural Ledger. Nos. 22 and 24 (1895) ; 23 and 30—41 (1896). 8° Calcutta,

1896. Government of India.

„ Indian Meteorological Memoirs. Vol. VII, No. 6; VIII, No. 2; and IX,

Nos. 8—9. 40 Simla and Calcutta, 1896-1897.

Meteorological Reporter to the Government of India.

„ India Weather Review. Annual Summary, 1895. 40 Calcutta, 1896.

Meteorological Reporter to the Government of India.

„ Monthly Weather Review, June to October 1896. 40 Calcutta, 1896.

Meteorological Reporter to the 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 1897. 8° Calcutta, 1897.

Government of India.

„ Selections from the Records of the Government of India, Foreign Department.

No. 341. Flsc, Calcutta, 1896. Government of India.

Madras.—Report on the Administration of Madras Presidency, 1895-96. Flsc, Madras,

1896. Madras Government.

Punjab.—Report on the Administration of the Punjab and its dependencies for 1895-96.

Flsc, Lahore, 1896.

Punjab Government.

TRANSACTIONS, PROCEEDINGS, etc., OF SOCIETIES, SURVEYS, etc.

Adelaide.—Reports on the Arltunga Gold Field and Hart's Range, North-West of

Alice springs and of the Frew River Country. By H. Y. L. Brown ;

also contributions to the Palaeontology of South Australia. By R.

Etheridge, Jr. Flsc, Adelaide, 1897.

Geological Survey, South Australia.
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Titles of Boohs. Donors.

Adelaide.—Transactions of the Royal Society of South Australia, Vol . XX, part 2.

8° Adelaide, 1896. The Society.

Baltimore.—Johns Hopkins University Circulars. Vol. XVI, Nos 127-28. 4°

Baltimore, 1896. The University.

Berlin.—Sitzungsberichte der Konig. Preuss. Akad. der Wissenschaften. Nos. 40—53.

8° Berlin, 1896. The Academy.

„ Verhandlungen der Gesellschaft fur Erdkunde zu Berlin. Vol. XXIII, Nos.

9-10. 8° Berlin, 1896.

„ Zeitschrift der Deutschen Geologischen Gesellschaft. Band XLVIII, heft 3.

8° Berlin, 1897. The Society.

Bombay.—Journal of the Bombay Natural History Society. Vol. X, No. 4. 8° Bombay,

1897. Thb Society.

Budapest.—Termeszetrajzi Fuzetek. Vol. XX, Nos. 1-2. 8° Budapest, 1897.

Hung. Nat. Museum.

Buenos Aires.—Boletin de la Accademia Nacional de Ciencias en Cordoba. Tome

XV, No. 1. 8° Buenos Aires, 1896. The Academy.

Calcutta.—Journal of the Asiatic Society of Bengal. Vol. LXV, part 1 , No. 3, and

part 3. No. 1. 8° Calcutta, 1897. The Socibty.

„ Proceedings of the Asiatic Society of Bengal, Nos. VII—IX. 8° Calcutta,

1896. The Society.

„ List of officers of the Geological Survey of India, corrected to 1st January,

1897. 8° Calcutta, 1897. Geological Survey op India.

„ Memoirs of the Geological Survey of India. Vols. XXV—XXVI. 8°

Calcutta, 1896. The Survey.

„ Records of the Geological Survey of India. Vol. XXX, part 1. 8° Calcutta,

1897. The Survby-

„ Report on the inspection of Coal Mines in the Sor Range of Hills, near

Quetta. By James Grundy. Flsc, Calcutta, 1897.

Geological Survby of India.

„ Report on the inspection of the Dandot and Pidh Mines, Salt Range,

near Khewrah, Jhelum district, Punjab. By James Grundy. Flsc.,

Calcutta, 1896. Geological Survey of India.

„ Proceedings and Journal of the Agricultural and Horticultural Society of

India, Vol. X. 8" Calcutta, 1896. The Socibty.

„ Survey of India Department Notes for December 1896 to February 1897.

Flsc, Calcutta, 1896-1897. Survby of India Department.

„ University of Calcutta. Calendar for 1897. 8° Calcutta, 1897.

The University.

Cambridge.—Proceedings of the Cambridge Philosophical Society. Vol. IX, part 4.

8° Cambridge, 1897. The Society.

„ Mass.— Annual Report of the Curator of the Museum of Comparative

Zoology for 1895-96. 8° Cambridge, Mass., 1896. The Museum.

„ „ Bulletin of the Museum of Comparative Zoology. Vol. XXVIII,

Nos. 2-3, and XXX, Nos. 2-3. 8° Cambridge, Mass., 1896.

Thb Musbum.

Edinburgh.—Scottish Geographical Magazine. Index to Vol. XII; and Vol. XIII,

Nos. 1*3. 8° Edinburgh, 1896-1897. Thb Socibty.

14



PAKT 3.] Additions to the Library.

....... r t>. l. Donors.
Titles of Books.

FRANKPURT-AM-MAIN.-Abhandlungen der Senckenbergischen Naturforschenden

Gesellschaft. Bind XXIII, heft 1-2. 4" Frankfurt-am-Main, 1897.

Glasgow.—Proceedings of the Philosophical Society of Glasgow. Vol. XXVII. 8'

Glasgow, 1896. The Society.

Gottingen —Nachrichten von der Kgl. Gesells. der Wissenschaften. Mathe.—Phys.

Klasse. Heft 3-4. Gesch.—Mittheilungen. Heft 2. 8° Gottingen,

1896. " The Society.

Halifax.— Proceedings and Transactions of the Nova Scotian Institute of Science. 2nd

series, Vol. I, parts 3.4. 8° Halifax, 1896. The Institute.

Leipzig.—Abhandlungen der Mathe.—Phys. classe der K. Sachs. Gesells. der Wis

senschaften. Band XXIII, Nos. 4—5- 8° Leipzig, 1896.

The Society.

Berichte fiber die Verhandlungen der Kon. Sachs. Gesellschaft der Wis

senschaften. Math.—Phys. Classe. No. 4. 1896- 8° Leipzig, 1897.

The Society.

Festschrift zur 50 jahrigen Jubelfeier der K. Sachs. Gesells. der Wissen

schaften. 8° Leipzig, 1896. The Society.

Lisbon.— Description des Echinodermes Tertiaires du Portugal. Par P. De Loriol. 40

Lisbonne, 1896.

Direction des Travaux Gbologi&ues du Portugal.

London.—Geographical Journal. Vol. IX, Nos. 1-3. 8° London, 1897.

• The Society.

„ Journal of the Chemical Society. Vols. LXIX and LXX, Nos. 409-410.

8° London, 1896-1897.

„ Journal of the Society of Arts. Vol. XLV, Nos. 2300—2312. 8° London.

1896-1897. Thb Society,

„ Quarterly Journal of the Geological Society. Vol. LIII, part 1. 8° London,

1897.

„ „ General Index to the first 50 Volumes. Part I. 8°

London, 1897.

Geological literature added to the Geological Society's Library during

the year ended 31st December 1896. 8° London, 1897.

Thb Society.

Madrid.—Boletin de la Sociedad Geografica de Madrid. Tomo XXXVIII, Nos.

7—12. 8° Madrid, 1896. The Society.

Manchester.—Memoirs and Proceedings of the Manchester Literary and Philosophi

cal Society. Vol. XLI, part 2. Thb Society.

„ Transactions of the Manchester Geological Society. Vol. XXV, parts

1—2. 8° Manchester, 1897. Thb Socibty.

Melbourne.—Proceedings of the Royal Society of Victoria. New series, Vol. VIII.

8° Melbourne, 1897. The Socibty.

Munich.—Sitzungsberichte der Math.—Phys. Classe der K. B. Akad. der Wissen

schaften. Heft 3 (1896). 8° Munchen, 1897.

The Academy.

Naples.—Rendiconto dell'Accademia delle Scienze Fisiche e Matematiche. Serie III,

Vol. II, fasc. 11-12 ; and III, fasc. 1. 8° Napoli, 1896-1897.

Thb Acadbmy.
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Newcastlb-upon-Tyns.—Transactions of the Federated Institution of Mining En

gineers, Vol. XII, Nos. 1—2. 8° Newcastle-upon-Tyne, 1896-1897.

Oxford.—Catalogue of Books added to the Radcliffe Library, Oxford University

Museum, during 1896. 40 Oxford, 1897. The Museum.

Paris.— Bulletin de la Société de Geographie. Serie 7"", Tome XVII, No. 3. 8' Paris,

1896. The Society.

„ Comptes Rendus des Seances de la Société de Geographie. Nos. 15—19(1896),

and Nos. 1—3 (1897). 8° Paris, 1896-1897. The Society.

„ Bulletin de la Société Fran caise de Mineralogie. Tome XIX, Nos. 7-8. 8°

Paris, 1896.

Philadelphia.—Journal of the Franklin Institute. Vol. CXLII, Nos. 852-854. 8°

Philadelphia, 1896. The Institute.

Pisa.—Atti della Società Toscana di Scienzi Naturali Processi Verbali. Voi. X,

pp. 121—200. 8° Pisa, 1896. The Society.

Rome.—Atti della Reale Accademia dei Lincei Rendiconti. Serie V, Sems. II,

Voi. V, fase. 11-12, and Sems. 1, Voi. VI, fase. 1—4. 8° Roma,

1896- 1897. The Academy.

„ Bolletino della Società Geologica Italiana. Voi. XV, No. 3. 8° Roma, 1896.

The Society.

Springfield.—Bulletin of the Illinois State Museum of Natural History. No. 12. 40

Springfield, 1897. • Thb Museum.

St. Petersburg.—Bulletin de L'Academie Imperial des Sciences. Serie V, Tome VI,

No. 1. 8° St. Petersbourg, 1897. The Academy.

,» Verhandlungen der Russ. Kaiserlichen Mineralogischen Geselschaft.

Band XXXIII, lief. 2, and XXXIV, lief. 1. 8° St. Petersbourg,

1897- The Society.

Sydney.—-History and description of the skeleton of a new Sperm Whale lately set up

in the Australian Museum. 8" Sydney, 1 890. The Museum.

» Memoirs of the Australian Museum. Vols. II and III, parts 1-2. 8° Sydney,

1889-1897. Thb Musbum.

„ Records of the Australian Museum. Vol. Ill, No. 1. 8* Sydney, 1897.

The Musbum.

» Proceedings of the Linnean Society of New South Wales. Vol. XXI, part 3.

8° Sydney, 1896. The Society.

., Records of the Geological Survey of New South Wales. Vol. V, part 2.

8" Sydney, 1897. Thb, Survey.

Tokio.—Journal, College of Science, Imperial University, Japan. Vol. IX, part 2.

8° Tokyo, 1897. The University.

Turin.- Memorie della Reale Accademia della Scienze di Tonno. 2nd series. Tome

XLVI. 4° Torino, 1896. Thb Acadbmy.

Vbnicb.—Atti del R. Istituto Veneto di Scienze, Lettre ed Arti. Serie VII, Tomo LV,

disp. i-2. 8° Venezia, 1896-1897. The Institutb.

Vienna.—Denkschriften der K. Akad. der Wissenchaften. Mathe.—Natur. Classe.

Band LXII. 40 Wien, 1895. The Academy.
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Titles of Books. Donors.

Vienna.—Sitzungsberichte der K. Akad. der Wissenchaften.

Abth. I, heft i-io.

Band CIV

r A Din. i, neit 1-10.

S „ Ha, „ I-io.

1 „ lib, „ I-io.

(. „ III. „ i-io.

8° Wien, 1895, The Acadbmt.

„ Verhandlungen der K. K. Geologischen Reichsanstalt. Nos. 13-18. 8° Wien,

1896. The Institute-

MAPS.

Birlin.—Carte Geologique Internationale de 1' Europe. Livr. II, containing sheets

Nos. A5, A6, Bs, B6, and C6. Folio, Berlin, 1896.

Royal Society, London.

Bucharest.—Harta Geologica Generala A Roumanie, Sheets Nos. 36, 37, 40 and 41.

Fol. Bucuresci. The Gbolooical Bureau.

G. 1. C. P. 0.—No. 4° D- G. Survey.—37-5-97.-63°.
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PART 3.] Donations to the Museum.

DONATIONS TO THE MUSEUM.

From ist May to 31ST July 1897.

Specimens of Muscovite ; Muscovite with Garnet and Tourmaline; thin Quartz plate»

from Muscovite; a large crystal of Garnet ; and 3 specimens of Columbite,

from the Koderma Government Forest, Hazaribagh district.

Presented by A. Gow-Smith,

f Koderma, Hazaribagh district.

ADDITIONS TO THE LIBRARY.

From ist April to 30TH June 1897.

».... /• J 1 Donors,
Titles of Boohs. , "

Beck L -Die Geschichte des Eisens. Band III. lief. 4-5- 8° Braunschweig, 1896.

Chambers 7. G—Register of the associates and old students of the Royal College of

Chemistry, the Royal School of Mines and the Royal College of

Science. 8° London, 1896.

Gerland, G.-Beiträge zur Geophysik. Band III, No. 2. 8° Leipzig, 1897. .

Guebhard, 4,-Tectonique d'un coin difficile des Alpes-manHmes. 8 Pam., Pans,

Esquisse Geologique de la commune de Mons. 8° Pam., Draguignan»

" J? The Author.

HiNTZE,C.-Handbuch der Mineralogie. Nos. 9-12. f WpagV1897.

Klein, H. ^.-Jahrbuch der Astronomie und Geophysik. Jahrgang VII, 1896. 8

Leipzig, 1897.

Koken, £^-Die Leitfossilien. 8° Leipzig, 1896. .,„.., ,, . „, ,rv

Murray f yt.tf.-A new English Dictionary on Historical Principles. Vols. III. (Dts-

Murray, J. A. ^urJened_Dfstrustful)> and iv (Fish-Flexno«e). 4° London, ,896.

Phillips, J. A.—A Treatise on Ore Deposits. 2nd Edition, by H. Louis. 8° London,

t " lSo6-

Sanderson. G. P.-Pack Gearfor Elephants. 8° Cried* «"^^ op '^

v

Tryon G. ^.-Manual of Conchology. ist series, parts 61A and 64, and 2nd series,

part 40. 8° Philadelphia, 1895—1896.

Zirkel, F.-Lehrbuch der Petrographie. Band I—III. 8° Leipzig. 1893-1894.

\ PERIODICALS, SERIALS, etc.

American Geologist. Vol. XIX, Nos. 3-6. 8° Minneapolis, 1897.

A I JoH of Science. Vol. III. No, 16-18. 8« New Haven, 1897^ ^^

„ Naturalist. Vol. XXXI, No, 363-365- 8° Philadelphia, 1897.

Annate» der Physik und Chemie. Band LX. No. 3 to LXI, No 1. 8» Leipzig, 1897.

Annales de Geographie. Annee VI., No,25-*6. 8° Paris, 1897.

Geologie et de Paleontologie. Livr. 21. 4° Palermo, 1897.

Annais and Magazine of Natural History. Vol. XIX, Nos. 112-114. 8° London,

1897.
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Titles cf Boohs. Donors.

Annuaire Geologique Universe!. Tome XIII. 8° Pari 9, 1897. The Editor.

Athenjeum. Nos. 3621—3633. 40 London, 1897.

Beiblatter zu den annalen der Physilc und Chemie. Band XXI, 'Nos. 3—5. 8° Leipzig,

1897.

Chemical News. Vol. LXXV, Nos. 1947—1959. 4" London, 1897.

Colliery Guardian. Vol. LXX1 1 1, Nos. 1890—1902. Fol., London, 1897.

Geological Magazine. New series, Decade IV, Vol. IV, Nos. 4—5. 8° London, 1897.

Glacialists' Magazine. Vols. Ill, part 4, and IV, part 1. 8° London, 1896.

Indian and Eastern Engineer. Vol. XXVIII, Nos. 520—532. Fol., Calcutta, 1897.

The Editor.

Industries and Iron. Vol. XXII, Nos. 1262—1274, 40 London, 1897.

Journal of Geology. Vol. V, Nos. 2—3. 8° Chicago, 1897.

London, Edinburgh and Dublin Philosophical Magazine. Vol. XLIII, Nos. 263—265.

8" London, 1897.

Mining Journal. Vol. LXVIL Nos. 3212—3324. Fol., London, 1897.

Natural Science. Vol. X, Nos. 62—64. 8" London, 1897.

Nature. Vol. LV, Nos. 142c)— 1441. 40 London, 1897.

Neues Jahrbuch fur Mineralogie, Geologie, und Paleontologie. Jahrg. 1897, Band

I. heft 2. 8° Stuttgart, 1897.

Palseontographica. Band XLIII, lief. 5—6. 40 Stuttgart, 1897.

Petermann's Geographischer Mhteilungen. Band XLIII, Nos. 3—5. 40 Gotha, 1897.

The Editor.

Scientific American. Vol. LXXVI, Nos. 10—22. Fol., New York, 1897.

„ Supplement. Vol. XLIII, Nos. 1105—1117. Fol., New York,

1897.

Tschermak's Mineralogische und Petrographische Mittheilungen. Band XVII, heft 1.

8° Vienna, 1897.

Zeitschrift fur Krystallographie und Mineralogie. Band XXVIII, heft 1—3. 8° Leipzig,

1896.

„ Praktische Geologie. Heft 3—5. 4° Berlin, 1897.

GOVERNMENT SELECTIONS, REPORTS, etc.

Bombay.—Administration Report of the Marine Survey of India for 1895-96. FIsc.,

Bombay, 1897. Bombay Government.

v Gazetteer of the Bombay Presidency. Vol. I, parts 1—2. 8° Bombay, 1896.

Bombay Government.

„ Selections from the Records of the Bombay Government. New series,

No. 357. Flsc., Bombay, 1897. Bombay Government.

India.—Administration Report on the Railways in India for 1896—97. Part 1. Flsc.

Simla, 1897. Government of India.

„ Agricultural Ledger. Nos. 15, 16 and 42 (1896). 8° Calcutta, 1897.

Government of India.

„ Civil Budget Estimate of the Government of India for 1897—98. Flsc, Cal

cutta, 1897. Government of India.

„ List of Civil Officers holding gazetted appointments under the Government of
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Titles of Books. Donor$ .

India in the Home, Legislative, Foreign and Revenue and Agricultural

Departments, corrected to 1st January 1897. 8° Calcutta, 1897.

Government of India.

India.—Monthly Weather Review. November and December 1896. 4° Calcutta,

1897.

Meteorological Reporter to the Government of India.

Madras.—Provisional Index of the local distribution of important minerals, miscellaneous

minerals, gem stones and quarry stones in the Indian Empire (Madras

only). By VV. King, B.A., D. Sc., w.ith additions by C. S. Middlemiss,

B.A. Flsc, Madras, 1896.

Madras Government.

TRANSACTIONS, PROCEEDINGS, etc., OF SOCIETIES, SURVEYS, etc.

Baltimore—Johns Hopkins University Circulars. Vol. XVI, No. 129. 40 Baltimore,

1897. The University.

Batavia.—Natuurkundig Tijdschrift voor Nederlandsch— Indie. Deel LVI. 8° Bata-

via, 1897. The Society.

Berlin.—Sitzungsberichte der Koniglich Preussischen Akademie der Wissenschaften

zu Berlin. Nos. 1—25. 4° Berlin, 1807. The Academy.

„ Zeitschrift der Deutschen Geologischen Gesellschaft. Band XLVIII, heft4.

8° Berlin, 1897. Thb Societt.

„ Verhandlungen der Gesellschaft fur Erdkunde zu Berlin. Vol. XXIV,

Nos. 1—3. 8° Berlin, 1897.

„ Zeitschrift der Gesellschaft fur Erdkunde zu Berlin. Band XXXII, No. 1.

8" Berlin, 1897.

Bologna.—Memorie della R. Accad. delle Scienze dell'Istituto di Bologna. SeYie V

Tomo IV, fasc. 1—4. 4° Bologna, 1894. The Institute.

Bordeaux.—Actes de la Societe Linn, de Bordeaux. Sene V, Tome VIII. 8U

Bordeaux, 1895. Thb Society.

Boston.—Proceedings of the American Academy of Arts and Sciences. Vol. XXXIII.

8° Boston, 1896. The Academy.

„ Proceedings of the Boston Society of Natural History. Vol. XXVII,

pp. 75—241. 8° Boston, 1896. The Society.

Brisbane.—Proceedings of the Royal Society of Queensland. Vol. XII. 8° Brisbane,

1897.

Brussels.—Bulletin de la Societe Royale Beige de G6ographie. Annee, XX. Nos. 3—6.

8° Bruxelles, 1896. Thb Society.

Calcutta.—Journal of the Asiatic Society of Bengal. Vol. LXV, Part I, No. 4,

Part II, No. 4, and Part III ; and Vol. LXVI, Part I, No. 1, and Part

II, No. 1. 8° Calcutta, 1897. Thb Socibty.

n Proceedings of the Asiatic Society of Bengal. No. 10 (1896), and

Nos. 1—3 (1897). 8° Calcutta, 1897. The Socibty.

„ Proceedings and Journal of the Agri-Horticultural Society of India. Vol.

XI. 8' Calcutta, 1897. The Society.
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Titles of Books. Donor*.

Calcutta.—Quarterly Notes of the Geological Survey of India. Nos. 1—2. FIsc.

Calcutta, 1897. Geological Survby of India.

„ Records of the Geological Survey of India, Vol. XXX, part 2. 8?

Calcutta, 1897. Geological Survey of India.

„ Report on the Geological structure and stability of the hill slopes around

Naini Tal. By T. H. Holland. 8° Calcutta, 1897.

Geological Survey of India.

„ Survey of India Department Notes for March and April 1897. Flsc

Calcutta, 1897. Survey op India Department.

Cambridge.— Annual Report of the Museums and Lecture Rooms Syndicate. No. 31.

40 Cambridge, 1897. Woodwardian Museum.

„ , Mass.—Bulletin of the Museum of Comparative Zoology. Vol. XXX,

Nos. 4—6. 8° Cambridge, Mass., 1897. The Museum.

„ „ Memoirs of the Museum of Comparative Zoology. Vol. XXII. 40

Cambridge, Mass., 1896. The Museum.

Cassel.—Abhandlungen u Bericht des Vereins fur Naturkunde zu Kassel. Vol. XLI.

8° Kassel, 1896. The Society.

Cincinnati.—Journal of the Cincinnati Society of Natural History. Vol. XIX, No. 1.

8° Cincinnati, 1896. The Society.

Copenhagen.—Memoires de 1'Academie Royale des Sciences et des Lettre^ de Dane-

mark. Vol. VIII, No. 3. 40 Kjobenhavn, 1896. The Academy.

„ Oversigt over det Kongelige Danske Videns. Selskabs Forhandlingar.

Nos. 6 (1896), and 1 (1897). 8° Kobenhavn, 1896-1897.

The Academy.

Des Moines.—Iowa Geological Survey. Vol. V. 40 Des Moines, 1896.

The Survby.

Dresden.—Sitzungsberichte und Abhandlungen der Nat Gesellschaft Isis. July to

December 1896. 8° Dresden, 1897 Thb Society.

Dublin.—Proceedings of the Royal Irish Academy. 3rd series, Vol. IV, No. 1. 8°

Dublin, 1896. Thb Academy.

Edinburgh.— Scottish Geographical Magazine. Vol. XIII, Nos. 4—6. 8° Edinburgh

1897. ^he Society.

„ Transactions of the Royal Scottish Society of Arts. Vol. XIV, part 2.

8° Edinburgh, 1896. The Socibty.

Hblsingfors.—Bulletin de la Societe de Geographie de Finlande. Nos. 4—9 and

11—13. 8° Helsingfors, 1891—1896. The Society.

Konigsberg.—Schriften der Phys.—Oko. Gesellschaft. Vol. XXXVII. 40 Konigs-

berg, 1896. The Socibty.

Lausannb.—Bulletin de la Soc. Vaudoise des Sciences Naturelles. Vol. XXXII,

Nos. i2i—122. 8° Lausanne, 1896. Thb Society.

Leipzig.—Abhandlungen der Malhe-Phys. Classe der Sach. Gesells. der Wissens-

chaften. Vol. XXIII, No. 6. 4° Leipzig, 1897- The Society.

„ Berichte fiber die Verhandlugen der K. Sach. Gesells. der Wissens-

chaften. Mathe-Phys. Classe. Nos. 5—6. 8° Leipzig, 1897.

Thb Society.

„ Mitteilungen des Vereins fur Erdkunde, 1896. 8° Leipzig, 1897.

The Society.
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Titles of Boohs. Donors,

Leipzig.—Wissens. Veroffentlichungen des Vereins fur Erdkunde. Vol. Ill, heft 2.

8° Leipzig, 1897. The Society.

Lille.—Annales de la Societe Geologique du Nord. Vols. XXIII and XXV. 8° Lille,

1895 and 1896. The Society.

„ Memoires de la Societe Geologique du Nord. Vol. IV, No. 1. 40 Lille, 1894.

The Socibty.

Liverpool.—Proceedings of the Literary and Philosophical Society of Liverpool

Vol. L. 8° Liverpool, 1896. The Society.

„ Proceedings of the Liverpool Geological Society. Vol. VII, part 4.

8° Liverpool, 1896. The Socibty.

London.—Geographical Journal. Vol. IX, Nos. 4—6. 8° London, 1897.

Thb Socibty.

„ General Index to the first fifty volumes of the Quarterly Journal of the Geo

logical Society. Part 2. 8° London, 1897. Thb Society.

„ Quarterly Journal of the Geological Society. Vol. LI 1 1, part 2. 8° London,

1897. The Society.

„ Journal of the Chemical Society. Nos. 411—414. 8° London, 1897.

„ Journal of the Iron and Steel Institute. Vol. L, No. 2, 1896. 8° London, 1897.

The Institute.

„( Journal of the Society of Arts. Vol. XLV, Nos. 2313—2325. 8° London,

1897. The Socibty.

„ Memoirs of the Geological Survey of the United Kingdom. Monograph III.

8° London, 1897. The Survey.

„ Pateontographical Society. Vol. L. 40 London, 1896.

„ Proceedings of the Royal Institution of Great Britain. Vol. XV, part I, No.

90. 8° London, 1897. The Institution.

„ Proceedings of the Royal Society. Vol. LX, Nos. 360—367. 8° London,

1896-1897. Thb Society.

„ Proceedings of the Zoological Society of London. Part 4. 8° London, 1897.

The Society.

„ Transactions of the Zoological Society of London. Vol. XIV, part 3. 40

London, 1897. The Society.

„ Report of the 66th Meeting of the British Association for the advancement of

Science held at Liverpool in 1896. 8° London, 1896.

„ The Larva? of British butterflies and moths. By W. Buckley, edited by

G. T. Porritt. Vol. VII. 8° London, 1897. (Ray Society.)

Manchester.—Memoirs and Proceedings of the Manchester Literary and Philosophical

Society. Vol. XLI, part 3. 8° Manchester, 1897. The Society.

„ Transactions of the Manchester Geological Society. Vol. XXV, parts

3—6. 8° Manchester, 1897. The Society-

Marseilles.—Annales de la Faculte des Sciences de Marseille. Tome IV, fasc. 4 ; V,

fasc. 2—4; VI, fasc. 1—3 ; and VII. 4° Marseille, 189+—1S96.

Thb Faculty.

Melbourne.—Department of Mines, Victoria.—Special Reports, 1896-1897. Flsc,

Melbourne, 1896-1897. Department op Mines, Victoria.
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Titles of Books. Donors.

Mexico.—Boletin del Institute Geologico de Mexico. Nos. 4—6. Flsc. Mexico, 1897

Thb Institute

Miuu.-Atti della Soc. Italiana di Scienzi Naturali. Vol. XXXVI, Nos. 3-4. 8°

Milano, 1897. The Society.

Minneapolis.—Bulletin of the Minnesota Academy of Natural Sciences. Vol. IV,

No. I, part 1. 8s Minneapolis, 1896. The Academy.

Moscow.—Bulletin de la Societe Imperiale des Naturalistes. Annee, 1896, No. 3. 8°

Moscou, 1897. The Society.

Munich.—Sitzungsberichte derMathe.-Phys. Classe der K. B. Akad. dei-jWissenschaften.

Heft. 4, 1896. 8° Munchen, 1897. Thb Academy.

Naples.—Rendiconto dell' Accademia delle Scienze Fisiche e Matematiche. SeYie III,

Vol. Ill, fasc. 3—4. 8° Napoli, 1897. Thb Acadbmy.

Newcastle-upon-Tyne.—Annual Report of the North of England Institute of Mining

and Mechanical Engineers for 1895-96. 8° Newcastle-upon-Tyne

1896. The Institutb.

„ Transactions of the North of England Institute of Mining

and Mechanical Engineers. Vols. XLV, parts 4-5, and XLVI, parts

1-2. 8° Newcastle-upon-Tyne, 1896-1897. The Institute.

„ Transactions of the Federated Institution of Mining Engi

neers. Vols. XII, part 3, and XIII, part 1. 8° Newcastle-upon-Tyne,

1897. 1

Ottawa.—Proceedings and Transactions of the Royal Society of Canada, and series,

Vol. I. 8° Ottawa, 1895. ■ Thb Society.

Paris.— Annales des Mines. Tome X, livr. 9—12, and XI, livr. 1-2. 8° Paris,

1896— 1897. Department or Mines, Paris.

„ Bulletin de la Societe Francatsede Mineralogie. Tome XX, Nos. 1—4. 8°

Paris, 1897.

„ Bulletin de la Societe Geologique de France. 3°* serie, Tome XXIII,

Nos. 9-10, and XXIV, Nos. 7.9. 8° Paris, 1895—1896.

The Society.

Bulletin du Museum d'Histoire Naturelle. Nos. 2—6, 1896. 8° Paris, 1896.

Thb Museum.

Comptes Rendus des Seances de la Societe de Geographie. Nos. 4—7 and

9—10. 8° Paris, 1897. The Socibty.

Ministere des Travaux Publics.—Bulletin des services de la carte Geologique

de la France et des Topographies Souterraines. Tome VIII,

Nos. 54—55, and IX, No. 56. 8° Paris, 1896. The Ministry.

Perth. Department of Mines, Western Australia.—Gold Mining Statistics for 1896.

Oblong, Perth, 1897.

Department op Mines, Western Australia,

Philadelphia.—Journal of the Academy of Natural Sciences. 2d series, Vol. X, part 4

4° Philadelphia, 1896. Thb Academy.

Proceedings of the Academy of Natural Sciences, part 2. 8° Phila

delphia, 1896. Thb Academy.

n Journal of the Franklin Institute. Vol. CXLIII, Nos. 855—857. 8?

Philadelphia, 1897. Thb Institute.
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PART 3.] Additions to the Library.

Titles of Books. Donors.

Philadelphia.—Proceedings of the American Philosophical Society. Vol. XXXV,

Nos. 151— 152. 8° Philadelphia, 1896. The Society.

„ Transactions of the American Philosophical Society. Vol. XIX, part

1. 40 Philadelphia, 1896. Thb Society.

Romb.—Atti della R. Accad. dei Lincei Rendiconti. Sèrie V, Semestre I, Voi. VI,

fase. 5—10. 8° Roma, 1897. Thb Academy.

„ Bolletino del R. Comitato Geologico d'Italia. Voi. XXVII, Nos. 1—4. 8°

Roma, 1897. The Commission.

Salem.—Bulletin of the Essex Institute. Vol. XXVII, Nos. 7—12. 8° Salem, 1897.

The Institute.

St. Petersburg.—Bulletins du Comité Géologique. Vol. XV, No. 5. 8° St. Peters-

bourg, 1896. The Commission.

„ Supplement au Tome XV des Bulletins du Comité Géologique.

8° St Petersbourg, 1896. The Commission.

„ Memoires du Comité Géologique. Vol. XIV, Nos. 2 and 4. 40 St.

Petersbourg, 1896. The Commission.

„ Bulletin de L'Academie Imperiale des Sciences. Sèrie V, Tome VI,

Nos. 2—3. 8° St. Petersbourg, 1897. The Academy.

„ Memoires de L'Acad. Imp. des Sciences de St. Petersbourg. Sèrie

VII, Tome XLII, No. 13, and Sèrie VIII, Vol. II, No. 3. 4' St.

Petersbourg, 1895. Thb Academy.

„ Verhandlungen der K. K. Mineralogischen Gesellschaft. Vol.

XXXII. 8° St. Petersbourg, 1896. The Society.

Tokio.—Mittheilungen der Deutschen Gesellschaft fùr Natur und Vólkerkunde Osta-

siens in Tokio. Heft 58—59. 40 Tokio, 1897. The Society.

Toronto.—Proceedings of the Canadian Institute. 2nd new series. Vol. I, part I,

No. 1. 8° Toronto, 1897. Thb Institutb.

„ Transactions of the Canadian Institute. Vol. V, part I, No. 9 . 8°

Toronto, 1897. Thb Institutb.

Turin.—Atti della R. Accademia delle Scienze di Torino. Voi. XXXII, disp. 1—6.

8° Torino, 1896—1897. Thb Academy.

„ Osservazioni Meteorologiche fatte nel!* anno 1896 all' Osservatorio della R.

Università di Torino. 8" Torino, 1897. Thb University.

Vibnna.—Annalen des K. K. Nat. Hist. Hofmuseums. Band X, Nos. 3—4, and XI,

No. 2. 8° Wien, 1895—1896. Thb Museum.

„ Jahrbuch der K. K. Geol. Reichsanstalt. Band XLV, heft 4, and XLVI,

heft 1. 8° Wien, 1896. Thb Institute.

„ Verhandlungen der K. K. Geol. Reichsanstalt. Nos. 1—5. 8° Wien, 1897.

Thb Institute.

Venicb.—Atti del Reale Istituto Veneto di Scienze, Lettere ed Arti. Serie VII, Tome

LV, disp. 3—6. 8° Venezia, 1897. Thb Institute.

„ Memorie del Reale Istituto Veneto di Scienze, Lettere ed Arti. Voi. XXV,

Nos. 4—7. 8° Venezia, 1895— 1896. The Institute

Washington.—Annual Reports of the United States Geological Survey. Vol. XVI,

part 1, and XVII, part 3. 40 Washington, 1896. The Survey.
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Records of the Geological Survey'of India, [VOU xxx.

Titles of Books. Donors.

Washington.—Bulletin of the Philosophical Society. Vol. XII, 1892—1804. 8*

Washington, 1895. The Society.

„ Smithsonian contributions to knowledge. No. 1033 ; and Vols.

XXX—XXXII. 40 Washington, 1895-1896.

Smithsonian Institution.

„ Smithsonian Miscellaneous Collections. Nos. 1031 and 1037. 8°

Washington, 1896. Smithsonian Institution.

Wellington.—Annual Report of the Colonial|Laboratory, Mines Department, No. 30.

8° Wellington, 1897. Mines Department, New Zealand.

Zurich.—Vierteljahrsschrift Naturfors. Gesellschaft. Jahrgang XLI (Supplement),

and XLII, heft 1. 8° Zurich, 1896—1897. Thb Society.

Maps.

Calcutta.—Bartholomew, J. G.—Thacker's Reduced Survey Map of India. Oblong.

Calcutta, 1897.

London.—Geological Survey of England and Wales. Index Map sheets, Nos. 6, 9, ia

and 15. Folio, London, 1897. The Survey.

New York.—Preliminary Geologic Map of New York prepared under the direction of

James Hall, State Geologist, by W. D. McGee. Folio, 1894.

Geol. Survey, Nbw York.

0. I. C. P. O.—No. la D. G. Survey.- i9&}j,—6in.
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PART 4.] Donations to the Museum.

DONATIONS TO THE MUSEUM.

From ist August to 31ST October 1897.

Specimens of Muscovite, with tourmali ne and ferruginous inclusions, from the Koderma

Government Forest, Hazaribagh District.

Presented by A. Gow-Smith,

Koderma, Hazaribagh District.

ADDITIONS TO THE LIBRARY.

From ist July to 30TH September 1897.

Books and Pamphlets, etc.

Purchased.

Baratta, Af.—U Vesuvio e le sue Eruzioni, iamo. Roma, 1897.

Bauer, Max.—Edelsteinkunde. 40 Leipzig, 1896.

Beck, L.—Die Geschichte des Eisens. Band III, lief. 6. 8° Braunschweig, 1897.

Bronx, H. G—Klassen und Ordnungen des Thier-Reichs. Band IV, lief 48—52. 8°

Leipzig, 1897.

Brush, G. J.—Manual of Determinative Mineralogy, with an introduction on Blow

pipe Analysis. 13th edition. 8° New York, 1895.

Dana, J. D.~The System of Mineralogy. 6th edition, by E. S. Dana. 8° New

York, 1896.

Doelter, C—Edelsteinkunde. 8° Leipzig, 1893.

The Earthquake in Bengal and Assam. Re-printed from the Englishman. 8°

Calcutta, 1897.

Geikie, A.—The Ancient Volcanoes of Great Britain. Vols. I—II. 8° London, 1897.

Gunther, S.— Handbuch der Geophysik. 2nd edition. Band I, lief 1-4. 8° Stuttgart,

1897.

Hann, 7., Bruckner, E. and Kirchoff, A.—Allgemeine Erdkunde. 5th edition. Vol.1.

4U Wien, 1896.

Heim, Albert.-Die Erdbeben und deren Beobachtung. 8° Basel, 1880.

Keilhack, K—Lehrbuch der praktischen geologic 8° Stuttgart, 1896. (2 copies.)

Leche, W.—Untersuchungen ueber das Zahnsystem lebender und fossiler halbaffen.

4° Leipzig, 1896.

Merrill, G. P.—Stones for building and decoration. 2nd edition. 8° New York,

1897.

Murray, J. A. H.—A New English Dictionary on Historical Principles. Vols. Ill

(Distrustfully— Doom) and IV (Flexuosity—Foister). 40 Oxford, 1897.

PoTONiB, #.—Lehrbuch der Pflanzenpalaeontologie. Lief. 1—2. 8° Berlin, 1897.

Raubbr, A.— Die Regeneration der Krystale. 8° Leipzig, 1895.

Russell, /. C—Glaciers of North America. 8° Boston, 1897.

Schmidt, J. P. J.—Vulkanstudien. 8° Leipzig, 1874.

n Studien iiber Erdbeben. and edition. 8° Leipzig, 1879.

Schwantkb, A.—Die Drusenmineralien des striegauer Granits. 8° Leipzig, 1896.

Wulfino, E. A.—Die Meteoriten in Sammlungen und ihre literatur. 8" Tubingen,

1897.

Zirkbl, P.—Lehrbuch der Petrographie. and edition. Bands I—III. 8° Leipzig,

1893-94.
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Presented by the Authors, Publishers, etc.

Anderson, A. //.—Notes of a journey to the Auriferous Quartz Regions of Southern

India, with facts relating thereto. i2mo., Edinburgh and London,

1880.

Major, C. J. F.—Le Gisement Ossifere de Mitylini et Catalogue d'ossements fossiles.

4° Lausanne, 1894..

Nordessriold, A. E.—Sketch of the Geology of Spitzbergen. 8° Stockholm, 1867.

Norwegian North-Atlantic Expedition, 1876—1878. Botany: Protophyta : Diato-

maceae: Silicoflagellata and Cilioflagellata. By H. H. Gran. 40

Christiana, 1897.

Peach, B. N., and Home, J.—The Glaciation of Caithness. 8° Edinburgh, 1881.

Vekbeek, R, D. M^ et Fennema, R.— Description Geologique de Java et Madoura.

Tomes 1-2. With Atlas. 8° Amsterdam, 1896.

PERIODICALS, SERIALS, etc.

Purchased.

American Geologist. Vol. XX, Nos. 1—2. 8° Minneapolis, 1897.

Naturalist. Vol. XXXI, Nos. 366—368. 8° Philadelphia, 1897.

Annalen der Physik und Chemie. Band LXI, heft 2, to LXII, heft i< 8* Leipzig,

1897.

Annales de Geographie. Annee VI, No. 27. 8° Paris, 1896.

Annals and Magazine of Natural History. Vol. XX, Nos. 115—7. 8° London, 1897.

Athenaeum. Nos. 3634—3646. 4°London, 1897.

Beiblatter zu den Annalen der Physik und Chemie. Band XXI, Stuck 6—8. 8°

Leipzig, 1897. ^

Chemical News. Vol. LXXV, Nos. i960—1971. 8° London, 1897.

Colliery Guardian. Vol. LXXIII, Nos. 1903—1915. Folio, London, 1897,

Geological Magazine. New series, Decade IV, Vol. IV, Nos. 6—9. 8° London, 1897.

Industries and Iron. Vol. XXII, No. 1275, to XXIII, No. 1287. 40 London, 1897.

Journal of Geology. Vol. V, Nos. 4—5. 40 Chicago, 1897.

London, Edinburgh and Dublin Philosophical Magazine. Vol. XLIV, Nos. 366—26S.

8° London, 1897.

Mineralogical Magazine, Vol. XI, No. 52. 8° London, 1897.

Mining Journal. Vol. LXVII, Nos. 3225—3337. Folio, London, 1897.

Natural Science. Vol. XI, Nos. 65—67. 8° London, 1897.

Nature. Vol. LVI, Nos. 1442—1454. 8° London, 1897.

Neues Jahrbuch fur Mineralogie, Geologie und Palasontologie. Jahr. 1897. Band Ii

heft 3, to II, heft 1. 8° Stuttgart, 1897.

Palaeontologische Abhandlungen. Band III, heft 3. 4° Jena, 1897.

Palaeontographica. Band XLIV, lief. 1—3. 4° Stuttgart, 1897.

Scientific American. Vol. LXXVI, No. 23, to LXXVII, No. 9. Folio, New York,

1897.

„ Supplement. Vol. XLI 1 1, No. 11 18, to XLIV, No. 1 130. Folio,

New York, 1897.

Tschermak's Min. und Petro. Mittheilungen. Band XVII, hefts 2—3. 8° Wien, i8g7-

Zeitschrift fur Krystallographie und Mineralogie. Band XXVIII, hefts 4—5. 8° Leip

zig, 1897. ; ; _ . -

Zeitschrift fur praktische Geologie. Hefts 6—9. 8° Berlin, 1897.
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PART 4.] Additions to the Library.

Presented by the respective Editors, Publishers, etc.

American Journal of Science, Series IV, Vol. IV, Nos. 19—21. 8° New Haven, 1897.

Indian and Eastern Engineer, Vol. XXVIII, Nos. 520—542, and New Series, Vol. I,

No. i. Folio and 40 Calcutta, 1897.

Petermanns Geographischer Mitteilungen. Band XLIII, hefts 6—8. 40 Gotha, 1897.

GOVERNMENT SELECTIONS, REPORTS, etc.

Presented by the respective Governments, Administrations, etc.

Assam.—Report on the Earthquake of the 12th June 1897, so far as it affected the

Province of Assam. Flsc., Shillong, 1897.

Bombay.—Selections from the records of ihe Bombay Government. Nos. 358 and 360.

Flsc, 1897.

India.—Report on the Administration of Andaman and Nicobar Islands, 1895—96.

Flsc, Calcutta, 1897.

„ Agricultural Ledger. Nos. 17 (1896) and 1—9 (1897). 8° Calcutta, 1897.

M Foreign Department Selections from Records. No. 334. Flsc, Calcutta, 1897.

„ Geological Survey of India—

List of Officers corrected to 1st July 1897. 8° Calcutta, 1897.

Memoirs. Palaeontologia Indica. Ser. XV, Vol. I, part 4, and II, part 1.

4° Calcutta, 1897.

Records, Vol. XXX, part 3. 8° Calcutta, 1897.

Quarterly Notes, No. 3 (1897). Flsc, Calcutta, 1897.

n History of services of officers holding gazetted appointments in the Home,

Foreign, Revenue and Agricultural and Legislative Departments,

corrected to 1st July 1897. 8° Calcutta, 1897.

„ Meteorological Department-

Administration Report, 1896-1897. 40 Calcutta, 1897.

India Weather Review—Annual Summary, 1896. 40 Calcutta, 1897.

Monthly Weather Review. January to May 1897. 4° Calcutta, 1897.

Indian Meteorological Memoirs. Vol. VII, part 7. 40 Simla, 1897.

Rainfall Data of India, 1896. Flsc, Calcutta, 1897.

„ Survey of India Department—Notes. May to August 1897. Flsc, Calcutta,

1897.

Madras.—Annual Administration Report of the Forest Department, Madras

Presidency, for the year ending 30th June 1896. Flsc, 1897.

North-Wbstern Provinces and Oudh.—Damage caused by a landslip at Gohna

on the Birai-Ganga in the Garhwal District. Flsc, 1895-1896.

TRANSACTIONS, PROCEEDINGS, ETC., OF SOCIETIES,

SURVEYS, ETC.

Purchased.

Berlin.—Gesellschaft fur Erdkunde—

Verhandlungen. Band XXIV, hefts 4—6. 8', 1897.

Zettschrift. Band XXXII, hefts 2-3. 8", 1897.
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Frankfort-Am-Main.—Senckenbergischen Naturforschenden Gesellschaft.—Ab-

handlungen. Bands XX, heft i, and XXIII, heft 3. 40, 1897.

London.—Chemical Society.— Journal. Nos. 415—18. 8°, 1897.

Newcastle-upon-Tyne.—Federated Institution of Mining Engineers.—Transactions.

Vol. XIII, part 2. 8°, 1897.

Stuttgart.—Vereins fur Vaterlandische Naturkunde in Wurtemberg.—Jahreshefte.

Jahr. 53. 8°, 1897.

Presented by the respective Societies, Surveys, etc.

Adelaide.—Royal Society of South Australia.—Transactions. Vol. XXI, part I.

8', 1897.

Albany, N. Y.—Geological Survey.—Natural History of New York. Palaeontology.

Vol. VIII, Brachiopoda II. 4°, 1894.

Baltimore.—Johns Hopkin's University

American Chemical Journal. Vols. XVIII, Nos. 6—10, and XIX, Noi.

1—2. 8°, 1897.

Circulars. Vol. XVI, Nos. 130— 131. 4*. 1897.

Studies in Historical and Political Science. Series XIV, Nos. 6—12,

and XV, Nos. 1—2. 8°, 1896— 1897.

American Journal of Mathematics. Vols. XVIII, Nos. 3—4, and XIX,

No. 1. 40, 1896— 1897.

American Journal of Philology. Vol. XVII, Nos. 1 —3. 8°, 1897.

Berkbley.—University of California, Department of Geology.—Bulletin. Vols. I, Nos.

12—14, and II, Nos. 1—3. 4°, 1896.

Berlin.—K. Akademie der Wissenchaften.

Abhandlungen, 1896. 40, 1896.

Sitzungsberichte. Nos. 26—39 ('897). 4°. 1897.

„ Deutschen Geologischen Gesellschaft.—Zeitschrift. Band XLIX, hefts 1— 2

8°, 1897.

Bombay—Natural History Society.—Journal. Vols. X, No. 5, and XI, No. 1. 8*,

1897.

Boston.—American Academy of Arts and Sciences—

Memoirs. Vol. XII, Nos. 2—3. 4°. "896.

Proceedings. Vol. XXXII, Nos. 2-14. 8°, 1896-1897.

„ Society of Natural History.—Proceedings. Vol. XXVII, No. 14. 8°, 1897.

Brisbane.— Queensland Museum.—Annals. No. 3. 8°, 1897.

Brussels.—Societe Royale Beige de Geographic—Bulletin. Annee XXI, No. 2. 8°,

1897.

Budapest.—Hung. Nat. Museum.—Termeszetrajzi Fuzetek. Vol. XX, part 3. 40, 1897

Caen.—Societe Linneenne de Normandie— Bulletin. Vol. X, fast, I—2. 8°, 1896.

Calcutta.—Agri-Horticultural Society of India.—Proceedings. Vol. XI, April—June,

1897. 8°, 1897.

„ Asiatic Society of Bengal—

Proceedings. April to July 1897. 8°, 1897.

Journal. Vols. LXI, part I, Extra No. 3; LXVI, part I, No. 2, and

part II, No. 2. 8°, 1897.

Cambridge.—Philosophical Society—Proceedings. Vol. IX, part 5. 8°, 1897.

H Mass—Museum of Comparative Zoology, Harvard College.— Memoirs.

Vols. XIX, part 2, XX and XXI, with atlas. 40, 1897.
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Capb Town, Capb op Good Hopb.—Geological Commission-

Bibliography of South African Geology. Parts 1—2. 8', 1897.

First Annual Report. 40, 1897.

Cincinnati—Society of Natural History.— Journal. Vol. XIX, No. 2. 8°, 1897.

Copenhagen.—L' Academie Royale des Sciences et des Lettres.—

Bulletin. Nos. 2-3. 8°, 1897.

Memoires. Vol. VIII, No. 4. 40, 1897.

Dbmerara.—Geological Survey of British Guiana.- Reports, 1869. 88, 1870.

Dijon.—L' Academie des Sciences et Belles Lettres.- Memoirs. Tome V. 8°, 1896.

Dresden.—K. Minerolog.-Geolog. und Praehistorischen Museum.—Mittheilungen.

Heft 12. 4% 1897.

„ Natur. Gesellschaft Isis in Dresden.—Sitzungsberichte und Abhandlungen.

Jahr., 1897. Januar bis Juni. 8°, 1897.

Dunedin.— Essay on the Geology of the North Island of New Zealand, by J. C

Crawfurd. 8°, 1865.

Edinburgh.—Royal Scottish Geographical Society.—Magazine. Vol. XIII, Nos. 7—9.

8°, 1897.

Glasgow.—Glasgow University.—Calendar for 1897-98. 8°, 1897.

Gottingbn.—Konigl. Gesellschaft der Wissenschaften—

Geschaftliche Mittheilungen. Heft 1, 1897. 40, 1897.

Mathematische Physikalische Classe. Heft 1. 1897. 4°. >897-

Halifax, N. S.—Nova Scotian Institute of Science.—Proceedings and Transactions.

2nd Series, Vol. II, part 2. 8°, 1896.

International.—Congres Geologique International. 5" Session, Washington, 1891.

6* Session, Zurich, 1894.— Catalogue des Bibliographies Geologique.

Redigepar Emm. de Margerie. 8° Paris, 1896.

La Plata.—Muse de La Plata—

Revista. Tome I—VII. 8°, 1890— 1896.

- Seccion Zoologica. Nos. I—3.

„ de Historia General. No. I.

„ de Arqueologia. Nos. 2—3.

Anales ( „ Antropologica. No. 1.

„ Geologica y Mineralogica. No. 1.

„ Palaeontologia Argentina. No. 4.

• Folio. 1892—1895.

Lausanne.—Societe Vaudoise des Sciences Naturelles.—Bulletin. Vol. XXXIII, No.

123. 8°, 1897.

Leipzig.— K. Sach. Gesellschaft der Wissenschaften.—Berichte uber die Verhandlungen.

Mathe. Phys. Classe. Nos. 1—3, 1897. 8°, 1897.

Libgb.—Societe Geologique de Belgique.—Annales. Tome XXIV, livr. 1. 8°, 1897.

London.—Society of Arts.—Journal. Vol. XLV, Nos. 2326—38. 8° London, 1897.

„ Royal Geographical Society.—Journal. Vol. X., Nos. I—3. 8°, 1897.

„ Geological Society.—Quarterly Journal. Vol. LI 1 1, part 3. 8°, 1897.

» Geological Survey of Great Britain and the Museum of Practical Geology-

Memoirs. Vol. III. 2nd edition. 8°, 188 1.

British Organic Remains. Decade X. 8°, 1861.

Monographs. Nos. Ill—IV. 40, 1877-18 78.

Jurassic Rocks of Britain. Vols. I—V. 8°, 1892-1895.

Report on the Geology of Trinidad, or Part I of the West Indian

Survey. By G. P. Wall and J. G. Sawkins. 8°, i860.
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London.—Geological Survey of Great Britain, etc.—contd.

Reports on the Physical, Descriptive and Economic Geology of

British Guiana by C. B. Brown and J. G. Saw-kins. 8°, 1875.

List of Memoirs, Maps, etc. 8°, 1897.

„ British Museum (Nat. Hist.)—Dept. of Geology and Paleontology—

A Guide to the Fossil Invertebrates and Plants. 8°, 1897.

» * Mammals and Birds. 8°, 1896.

n n Reptiles and Fishes. 8°, 1896.

Catalogue of Tertiary Mollusca, Part 1. The Australian Tertiary

Mollusca. By G. F. Harris. 8°, 1897.

Catalogue of Fossil Cephalopoda. Part 3. 8°, 1897.

„ Royal Society.—Proceedings. Vol. LXI, Nos. 369—374. 8°, 1897.

„ Zoological Society—

Proceedings. Part 2. 8°, 1897.

List of Fellows, corrected to May 31st, 1897. 8°, 1897.

Madrid.—Sociedad Geografica de Madrid.—Boletin. Tome XXXIX, Nos. 1—4.

8°, 1897.

Manchester.—Geological Society.—Transactions. Vol. XXV, part 7. 8°, 1897.

Melbourne.—Dept. of Mines and Water-Supply.—Annual report of the Secretary,

1896. Flsc., 1897.

„ Royal Society of Victoria.—Proceedings. Vol. IX. 88, 1897.

Milan.—Societa Italiana di Scienze Naturali—

Memorie. Tome VI, fasc. I. 4.0, 1897.

Atti. Toms XXXVII, fasc. 1. 8°, 1897.

Munich.—K. B. Akademie der Wissenschaften.—Sitzungsberichte der Mathe. Phys.

Classe. Heft I. 8°, 1897.

Naples.—Accademia delle Scienze Fisiche E. Matematiche —Rendiconto. Serie 3,

Vol. Ill, fasc. 5—7. 4.° Napoli, 1897.

Newcastle-upon-Tyne.—North of England Institute of Mining and Mechanical

Engineers.—Transactions. Vol. XLVI, part 3. 8', 1897.

New York.—Academy of Sciences—

Annals. Vol. IX, Nos. 4—5. 8°, 1897.

Transactions. Vol. XV, 8°, 1897.

Ottawa.—Geological Survey of Canada.—Annual Report. New Series, Vol. VII F.

With maps. 8°, 1897.

Paris.—Societe de Geographic—

Comptes Rendus des Seances. Nos. 8 and 11—14. 8°, 1897.

Bulletin. Tome XVIII, No. 1. 8°, 1897.

, Societe Geologique de France.—Bulletin. 3rd Serie, Tome XXV, Nos. 1—3

8°, 1897-

Paris.—Museum D'Histoire Naturelle.— Bulletin. Annee 1896, No. 7. 8°, 1897.

» Ministere des Travaux Publics—

Annates des Mines. Tome XI, Nos. 3—4. 8°, 1897.

Bulletin des Services de la Carte Geologique de la France. Tomes VIII,

No. S3 ; IX, Nos. 57—58 ; and X, No. 59. 8°, 1897.

Penzance.—Royal Geological Society of Cornwall.—Transactions. Vol. XII, part a.

8°, 1897.

Philadelphia.—Academy of Natural Sciences.—Proceedings, part 3 (1896) and part 1

(1897). 8°, 1897-

.'; " d ■ ' American Philosophical Society.—Proceedings. Vol. XXXVI, No. 154.

8°, 1897
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PART 4.] Additions to the Library.

Bulletin.

Philadelphia.—Franklin Institute.—Journal. Vols. CXLIII, No. 858, to CXLIV,<

No. 861. 8°, 1897.

Pisa.—Societa Toscana di Scienze Naturali—

Processi Verbali. Vol. X, pp. 201—242. 8°, 1897.

Memorie. Vol. XV. 40, 1897.

Rome.—Societa Geologica Italians.— Bolletino. Vol. XVI, fasc. I. 8°, 1897.

'„ R. Accademia dei Lincei—

Rendiconti. Classe de Sci. Fisi. Mate. E Naturali. Serie V, Vol. VI,
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