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RECORDS

OF THE

GEOLOGICAL SURVEY OF INDIA.

Part 1.) 1873. [February.

AXNUAL RBPORT OF THE GEOLOGICAL SURVEY OF INDIA AND oF THE GEOLOGICAL
MvuseuM, CALCUTTA, FOR THE YEAR 1872.

During the twelve months of 1872 our working staff was diminished in number by
the abeence, either on leave, or on special duty elsewhere, of several of the officers of the
Survey.

As stated in last year’s report, Mr. W. T. Blanford was deputed to accompany the
Boundary Commission in Beluchistan and Persia. Two very interesting papers on parts
of the Persian Gulf and of the shores of Arabia visited by Mr. Blanford, while waiting
for the arrival of his fellow labourers, have been given to the public during the year. Later
on, at the close of the boundary labours, he was compelled by ill health to proceed direct to
Europe, where he arrived in September. It is to be hoped that he will be able to work up
the extensive and valuable materials he has acquired, together with those of his colleagues
in the duty. Taken as a whole, it is certain they will form one of the most valuable contri-
butions to the Natural History of a little known poxtion of the earth’s surface, which offers
many points of high interest and importance, in so far as it forms a connecting link, as it
were, between our Indian empire and the wide areas of Arabia on one side and of the Cas-
pian and Russia on the other. Mr. Blanford also had opportunities not often offered to
European naturalists, which, I doubt not, he made ample use of. On this duty he has been
absent during the whole twelve months. Mr. Foote was absent for three months from
August to November. But this interfered only slightly with the progress of the work.
Mr. Fedden, who had been suffering from frequent attacks of fever in the unhealthy district
of the Pemgunga and Wurdah valleys, left the country on sick leave in May, and has been
abeent since. Mr. Hug hes, who had been invalided in the same districts during the work-
ing season of 1871-72, returned to duty and resumed his work in November 1872, and has
since been actively engaged. Dr. Waagen was also compelled to leave for Europe on medical
certificate at the close of the year. Mr. J. Willson, who had been absent on sick leave from
May, resumed his duties early in December, and at once proceeded to the field. These con-
stant changes, necessitated in a great measure by the heavy work and great exposure to
which the assistants of the Geological Survey are subjected, unavoidably retard progress and
delay the completion of maps.

At the commencement of the year (January 1872), Mr. Medlicott was actively
engaged in the examination of the Satpura coal-fields and adjoining country. Some of the
results of this examination are already published., Of these results the most important,
practically, were two—the possibility of coal being found to extend under the more recent
deposits of the Narbada valley proper outside the hills, and the probability of beds of
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workable coal being traced more to the south in the Dudhi valley. To test the former, Mr.
Medlicott recommended that boring trials should be made near Gadurwarra, and this has
been commenced. The actual borings have been placed under the charge of Mr. Collin, a
coal engineer who had been engaged at Wurrora in the Chanda district. But badly supplied
with tools, and at & distance from any place where mechanical appliances and instructed
labour could be obtained, the progress hitherto has been very small and very disappointing.
Mr. Medlicott is only responsible for the proper selection of the locality, the actual working
being under different control. The false economy of attempting to carry out such an
undertaking without proper tools and efficient supervision cannot be too strongly insisted on.
Mr. Medlicott meanwhile has been endeavouring to push on the geological examination of
the adjoining country, this being the necessary preliminary to any further practical search for
coal, his progress in this being, however, most seriously retarded by the necessity of looking
after boring operations so inefficiently conducted, without any countervailing advantage.

Mr. W. L. Willson has been steadily engaged in extending the geological lines and
boundaries, from the north of Dumoh, where he had been engaged, into Bundelcund and
the adjoining territory of Rewah. The district examined is as yet incomplete in itself,
and any description must be deferred. Mr. Willson was, during the recess, most usefully
employed in the preparation of the maps of Dumoh district on the scale of 1 inch =1
mile for publication, some of which are now ready.

Mr. Mallet, who had, as reported at the close of last season, proceeded to the coal-fields
of Kota, on the southern borders of Mirzaplr district, mapped out its limits. He notices
some fourteen outcrops of coal, most of them, however, very thin and worthless ; some two or
three have a workable thickness of fair coal. All appear to be on about the same horizon, not
more than two being seen in any cross section, the richer outcrops thus appearing to be only
local. Mr. Mallet has also added many interesting mineralogical observations to thoee
in his previous report upon the rocks occurring in the widely spread gneiss series, especially
upon the valuable bed of Corundum which he had noticed in that neighbourhood. These
notes having been published in the Memoirs of the Survey need not be alluded to here more
particularly. During the later part of the year, Mr. Mallet has taken up the examina-
tion of the Hazaribagh district. A considerable part of this district had been gone over
some years since, but the topographical maps, which were then available and which were
shortly afterwards condemned, were 8o imperfect, and those resulting from the re-survey so
entirely different, that it has not been found practicable to transfer the geological lines, &e.,
without absolutely going over the ground a second time. Mr. Mallet’s labour will be
confined chiefly to the crystalline and metamorphic rocks. In a similar way, Mr. James
Willson has been, since his return from sick leave, engaged in putting in the geological
boundaries and divisions of the coal-fields in the south of the same district on the new
maps preparatory to publication.

In the early part of the season, Mr. Ball was engaged in the examination of the coal-
bearing rocks in Sirguja. Among these areas, the small coal-field of Bisrampiir is in itself
complete, and will shortly be published. Among these rocks Mr. Ball has noticed a case of
unconformity between the lower group, or the Barakér rocks, and the upper sandstones, defined
by faulting in the lower rocks not affecting the upper. This is a very unusual occurrence, bat
is of high interest if established by further research.

In the latter part of the year, Mr. Ball has been deputed to accompany Mr.
H. Baunerman, who had been sent out by the Right Hon'ble the Secretary of State, in
his visit to the more important iron-yielding districts, with a view to giving a definite
opinion on the feasibility of establishing iron works in India, and with him has visited
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Birbhéim, Raneegunj, Hazaribagh, &c. Mr. Bauerman’s report will be submitted to the

Secretary of State.

Mr. Hacket has carried his lines and divisions from the adjoining districts of Jabalpér
and Bijiragoogurh into Rewah. A very large part of this area is covered by the Jabalptir
formation. It is seen typically in the morth-west of the area, but is extended by
Mr. Hacket considerably to the south of Bandogurh. The Bandogurh sandstones are
themselves 1,000 feet thick. How far this apparent extension of the formation can be proved
to be the fact must be seen from the adjoining country when it comes to be examined.
In the present season Mr. Hacket has been sent to work out the details of the more
recent deposits of the Narbada valley in connection with the Satpura basin, which
Mr. Medlicott is examining at the same time.

Previously to his departure on leave, Mr. Fodden had extended to the south his
examination of the rocks of the Nizam's territories adjoining Chanda, tracing out the
existence of a group of rocks under the great Deccan trap to west of Sirpir, containing
remains of Pal@ozamia, thus establishing their relations with the upper jurassic rocks of
Kautoh and the Rajmahal beds of Bengal, and giving another clue towards unravelling the
connection of the so-called Jabalpiir beds of the Narbada valley with the others. The full
extent of these rocks remains to be worked out.

In the Punjab, at the opening of the year, Mr. Wynne and Dr. Waagen were
engaged in the detailed examination of the Salt-range and adjoining country. This has
enabled the mapping of the whole of that range to be completed, while a remarkably interest-
ing and extensive series of fossils has been obtained, which have as yet been only partially
examined, but which, when fully investigated, promise to open up some very important and
intricate results. One of these discoveries I will notice again. At the close of the working
season, Dr. Waagen returned to Calcutta and took up the detailed examination of the
Cephalopoda from Kutch, our previous collection of which had received very extensive additions
from the labours of Dr. F. Stoliczka. This group will form one of the most important
contributions to the Cephalopoda fauna of the upper jurassic formations (from the Titho-
nien to Callovien) ever published. The extent of this group alone, without any of the other
classes of Mollusca, may be estimated from the fact that their illustration will require about
60 large quarto plates. The MSS. of the descriptions have been nearly all completed, and
great progress has been made in the preparation of the plates. But it was with much regret
that we were obliged to suspend the work,—only temporarily, I hope,—in consequence of the
serious illness of Dr. Waagen, who had commenced it, and whose wide and accurate
acquaintance with the Cephalopoda rendered his descriptions highly valuable. I sincerely trust
that a few months and a better climate may restore Dr. Waagen to the enjoyment of full
health, and enable nim to resume and complete his history of this most interesting fauna.

Towards the close of the year, Mr. Wynne had resumed his examination of the
Punjab rocks, but was necessarily diverted for a time to enable him to aid in procuring
and forwarding a complete collection of the salts and rocks of the Salt-range and its salt

" mines, to be sent to the Vienna Exhibition. Having accomplished this, he resumed the
detailed examination of the country north of the Salt-range. A brief but careful description
and sections of the well known hill of Sirban, close to Abbottabdd, has been published during
the year—a result of the joint labours of Dr. Waagen and Mr. Wynne. This has
been given without delay, both because the hill is close to a well known station, and so
accessible to those who desire to examine its structure, but also because this structure had
been entirely misrepresented ; while it would at the same time form a typical illustration
of what might be looked for in other similar areas.
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In Madras Mr. W. King had, at the commencement of the year, taken up the examina-
tion of the country adjoining the Godavari, in continuation of the preliminary survey of the
same area which had been carried out by Mr. Blanford, whose health did not admit of his
returning to that district. As it was important that the more southern portion of the coun-
try should be carefully examined prior to proceeding to the less accessible area further north,
Mr. King'’s attention has been chiefly directed to the country extending between Dumagu-
diem and Kummummett. Some of the principal results arrived at have been already pub-
lished in the Records of the Geological Survey for 1872, so they need not be detailed here. In
one place, a limited area of coal-bearing rocks was traced out, and actual beds of coal
found ; but the country is so covered with jungle, and so thickly coated with debris and
recent deposits, that nothing very definite can be asserted regarding the extent or value of
this coal without borings. Another small area near Ashwarowpetta holds out some promise,
but this also must be actually tested before any satisfactory conclusion can be arrived at.
Towards the close of the year, when it was too early in the season to enter the jungly
country to the north with any safety, Mr. King has made a careful examination of the
country between the Godivari, and Rajahmundry, and the sea, and has there found some fossili-
ferous beds, the organic remains from which will prove of high interest. He has also
brought the well known fossiliferous beds of Kateru, near Rajahmundry, into stratigraphical
relationship with those occurring at Pungady on the opposite bank of the GodAvAri—here a
stream of great width. As the jungles become drier and more accessible, Mr. King will
extend his researches northwards.

Mr. Foote has been steadily carrying out the boundary lines between the great area of
the Deccan trap rocks and the underlying beds ; and between those intermediate beds and the
gueiss rocks on which they rest. He has connected his lines with those previously mapped
in by Mr. Wilkinson to the west. The entire area examined, excepting a few square
miles on the top of the plateaux, is within the drainage basins of the Kistna, Gatpurba, and
Malparba rivers. Mr. Foote has also been fortunate enough to add to the valuable series of
fossils, bones, &c., of Rhinoceros, which he had obtained during the previous year, and to find
others of bovine animals, together with deposits of fresh-water shells, which on examination
proved to be very similar to those found with the ossiferous clays and gravels of the Narbada
valley. There can be no question that these ossiferous beds will prove of the very highest
interest when fully worked out, as bearing on the distribution of genera in these pleiocene
deposits, which still exist in other areas, but which have entirely ceased to exist within the
limits of the districts where their remains are found.

In Burmah, Mr. Theobald has been engaged in extending his examination of the
country between the central range and the eastern boundary of the country on the Sittang
river. The present season will see the completion of his examination of British Burmah
proper ; and a map and general report will then be prepared for publication.

Dr. Stoliczka, in the early part of the year, completed his detailed examination of the
Province of Kutch (Kach'h), in which he has been enabled, by the application of his
palzontological knowledge, to define several well marked sub-divisions or horizons in the -
jurassic rocks, and to establish their close relationship to the acknowledged groups in
European classificitions. The full details of these are being prepared for publication, while
the magnificent series of fossils also obtained will be worked out as soon as possible.

PusLicaTioNs.—The RECORDS OF THE GEOLOGICAL SURVEY OF INDIA have appeared
with regularity at the established three-monthly intervals. In the series for the past year,
besides the Annual Report of the Sugvey, papers, more or less in detail, have been given,
treating of very varied subjects and localities. It would have been impracticable for a
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considerable time to come to publish a detailed account and map of the complicated structure
of the hills flanking the great Himalayan range in the Punjab; and it seemed, therefore,
desirable to give at once a brief outline and description showing the relations of the rocks
and their general physical aspects and structure.

For this purpose, a section close to the most frequented station in those hills, Murree
(Mari) was taken. Dr. W. Waagen has pointed out very clearly the distinctions of the
beds, as indicated by their fossils. Such a sketch ought to suffice as an index or guide to
other observers in the adjoining districts. Descriptions of the mineral contents of the gneiss
in the district of South Mirzapir are given by Mr. F. Mallet, who has pointed out the
occurrence there of a very valuable deposit of Corundum, which is also of high interest
from its associated minerals being identical with those occurring in America in the same
association. .

The sandstones of the Godavarf are described by-Mr. Blanford, while Mr. King, who
took up Mr. Blanford's work there, describes in more detail the southern portions of this
area near Kummummett, and shows the occurrence of coal there in quantities which will
repay the expense of working when the field is rendered more accessible. Mr. Blanford
also contributes two valuable sketches of the geological structure of the Beluchistin
shores of the Persian Gulf, as well as a notice of Maskat and Massandim on the coast of
Arabia. Mr. Medlicott describes in detail a very remarkable case of what appears to be
only local jointing in some sandstones at Jabalpir, and a careful discussion of the physical
relations of the ‘Lameta’ group. Mr. Theobald has given a. notice of petroleum localities
in Pegu, and further discussion of the relations of the ‘axial’ group in Western Prome,
while, in addition to these more local and limited notices, a general sketch of the geology of
Oriesa, and another of the geology of the Bombay Presidency, were also published—both
drawn up by Mr. Blanford. This brief enumeration of the principal contents of the
numbers will show how much has been done to elucidate the geological structure of the parts
of India and adjoining countries in which the officers of the Survey have been engaged.

Of the MEMOIRS OF THE GEOLOGICAL SURVERY two volumes have appeared. It was
stated in last report that these were well advanced. Both Vol. VIII and Vol. IX have
been issued during the year just closed. In the first of these, Vol. VIII, in addition to
brief accounts of three small, isolated, and unimportant coal-fields in Bengal, a long and
detailed account is given of an immense area, nearly as large as England, to the north of
Madras town, including the districts of Kurnool and Kuddapah, with maps and illustrations.
Vol. IX includes a notice of the Peninsula of Kutch (Kach’h), a description of the geology
of the vicinity of Nagpir, a notice of the geology of Sirban hill near Abbottabid in Punjab,
and a brief notice of the occurrence of Ammonites in beds, in the Salt-range, containing
other fossils universally admitted hitherto as of carboniferous age. This last is one of
the most striking discoveries which has marked the progress of Palmontology for many
years. The occurrence of the Brachiopoda, Athyris subtilita, A. Roissyi; Producta
costata, P. longispina, P. Humboldtii, in the same beds would at once be admitted as
abundant evidence that those beds belonged to the true carboniferous group of Europe, but
with them also occur Strophalosia Morrisiana, which would rather indicate a Permian age.
There is, however, no question whatever that the association of fossils points conclusively to
a  Palozoic epoch, whatever doubts there may be as to the exact horizon in the
paleozoic series to which the beds may belong. Now, the occurrence of a true Ammonite
inany of the palmozoic rocks is a fact altogether new to stratigraphical palmontology, and
opens up a whole field of investigation of the highdst interest. The examination in detail
of the beautiful series of fossils obtained from the Salt-range has unfortunately been
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interrupted by the serious illness of Dr. Waagen, who has been obliged to proceed to Europe
on medical certificate, but when completed, this collection will exhibit other novelties besides
those already noticed.

Of the PaL®oNTOLOGIA INDICA, during the year terminating on 81st December 1872,
the portions descriptive of the cretaceous Brachiopoda and of the Ciliopoda have been issued.
In the last reports we pointed out the rapid progress which had been made in this series,
and showed that the rate of publication was limited chiefly by the amount of funds it was
possible to devote to it. The question commended itself to the favorable consideration
of the Government of India, and it is with pleasure I acknowledge the liberality which
has doubled the sum granted for this valuable series from the commencement of the next
financial year. Meanwhile efforts are being made to instruct the necessary artists,
lithographers, &c., 80 as to be ready to take advantage of this. We had, during 1871,
issued, as then stated, the portions of the work which represented the fasciculi due up to
October 1872. The two parts since issued have been large ones, while the Echinodermata are
printed off and only await the completion of the plates. There remain, therefore, the corals
to complete the issue of all the groups of invertebrata represented in the cretaceous
rocks of South India. These parts combined will form the fourth large volume of the
Cretaceous fauna, and will complete the monograph of this very important group. It will
form a monument of skill and labour reflecting the very highest credit on the Palwontologist
of the Survey, Dr. 8toliczka, and will prove a very fitting description of one of the richest
and most varied faune ever obtained from a limited area in a limited formation.

A fasciculus of the Cephalopoda of Kutch is ready for issue. This contains all the
Belemnites and Nautilide. It was hoped that we should have been able to continue this
series without interruption, the succeeding portion being very well advanced ; but the
illness of Dr. Waagen already alluded to has disappointed this expectation. The series of
the Cephalopoda is very extensive, and will prove a contribution to the fossil history of the
upper jurassic rocks of the very highest importance and value.

In addition to the regular issue of the Pal@ontologia Indica, some of the more remark-
able forms met with in the Salt-range, as already noticed, have been figured in the Memoirs
of the Survey.

Mars.—Some of the sheets of the district of Dumoh, which had been taken up first
for publication on the larger scale of our field maps, or 1 inch equal to 1 mile, are ready,
and have been kept back until the whole district be completed, which will be very shortly

now.

Of the ¢ Atlas of India’ maps, which are to be used as the final record of our work, six
quarter sheets were ready for issue to the public at the close of the year. Of these, the
four quarter sheets of sheet 79, containing the larger portion of the Cretaceous area of
Madras Presidency, were prepared some time since, but had not been issued, awaiting the
completion of the adjoining parts. Two quarter sheets, north-east and south-east, of
sheet 78 were printed during the year, and the parts of sheet 77 are now in the hands of
the engravers. A small map is annexed showing the present state of the publication and
preparation for publication of these final maps. These are now printed in colors with
much success at the Surveyor General’s Lithographic Office, and the general system having
been established after several trials, the rate of issue can now be maintained with some
regularity.

L1BBARY.—During the year, seven hundred and ninety-six volumes or parts of volumes
have been added to the library of this department. Of this number 489 have been pre-
sented and 307 have becn purchased. As usual, a list of Societies or Institutions from whom
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we have received such presentations or exchanges is annexed, while each successive number
of the RECORDS has given a list of the additions received during the preceding three months.
I rejoice to think that this department has been relieved from the injury resulting to its
library from the restrictions imposed on the mode of procuring books, and from the delays
consequent thereon. And I doubt not the coming year will again show a return to the
larger number of volumes which we bhave been for years past in the habit of recording.
Advantage has been taken of the past year to bring up the binding and securing of our
valuable series so far as practicable.

MuseuM.—The collections in the Museum have been maintained in good order, the
additions properly embodied in the general series, and the specimens properly cleaned out
and carefully labelled. The collection of minerals, which, as reported last year, had been
entirely remodelled and added to so largely, has been in part carefully catalogued by
Mr. F.R. Mallet, and it is hoped that this valuable work may be completed during the
coming rainy season, when work in the field is impracticable.

The demand for the preparation of a good series illustrative of the mineral wealth
of this country to be sent to the great Exhibition in Vienna has entailed on all the officers
of the Survey a large amount of trouble and occupation during the last months of the
year. The extremely limited and unsuitable accommodation which the present Museum
house offered for such extended collections has always prevented our bringing to-
gether a collection properly representing the mineral resources of the country. In fact,
we had no place to put such a collection if made. While, therefore, our series afforded good
specimens in one or two directions, it was necessary to procure fresh and good sized specimens
for Vienna. I would here acknowledge the great liberality and very cordial co-operation which
I have experienced on the part of the numerous colliery proprietors in the country, who have
supplied us with excellent specimens of the coals, ores, tools, &c., from their districts. I am
also indebted to the Commissioner of Inland Customs for a very valuable series of specimens
illustrative of the salt deposits of India. And in brief, from every one to whom we applied
for aid, we have received most ready support. The time at our disposal was far too
brief to admit of anything approaching to a complete series being obtained, but that which
is to be sent will give a fair representation of the mineral wealth of the country. With the
special sanction of the Government, it is proposed also to send some of our unique and valuable
collections of fossils, which will excite great interest among the Geologists of Europe, and
will afford a much desired opportunity for actual comparison and identification with known
European forms.

An Index map is, as usual, appended showing the present state of progress of the field
work of the Survey.

The various collections are in as good order and preservation as the limited accommo-
dation at our command will permit.

T. OLDHAM,
Supdt. of Geol. Survey, India,
CALCUTTA, and Director of Geol. Museum, Calcutta.
February 1873, }
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List of Socicties and other Institutions, §c., from which publications have been received

in donation or exchange for the Library of the Geological Survey of India during
the year 1872. :

Baravia.—Royal Society of Batavia.
BreriN.—Royal Academy of Science.
Dirro.—Deutsche Geologische Gesellschaft.
Bostox.—Society of Natural History.
BresLav.—Silesian Society.
Carcurra.—Asiatic Society of Bengal.
Drrro.—Agri-Horticultural Society.
CAMBRIDGE, Mass.—Museum of Comparative Zoology.
CHRISTIANIA.—Royal University of Christiania.
CoLumBus.—Geological Survey of Ohio.
CoPENHAGEN.— Danish Academy.
DxrrRas Doon.—Trigonometrical Survey of India.
DrespEN.—Naturwiss. Gesellschaft, Isis.
DusriN.—Royal Dublin Society.
EpinBurcH.—Curators of the Signet Library,
FLrorENCE.—Geological Commission of Italy.
Grasgow.—Philosophical Society.
GOtTINGEN.—The Society.
LavsanNe.—Society of Natural Science.
LoxDoN.—Geological Survey of Great DBritain.
Ditro.—Royal Society.
Ditro.—Royal Asiatic Society of Great Britain and Ireland.
Drrro.—Geological Society.
Ditro.—British Museum.
MonNTREAL.— Geological Survey of Canada.
MiinicHE.—The Academy.
New Haven.—Connecticut Academy of Arts and Sciences.
New ZeaLaND.—Geological Survey of New Zealand.
Paris.—L’'Administration des Mines.
PHILADELPRIA.—American Philosophical Society.
Ditro.—Franklin Institute.
D1110.—Academy of Natural Sciences.
PorTraND.—Society of Natural History.
Roorgee.—Thomason College.
SaLEM.—Essex Institute.
Ditro.—Peabody Academy of Science.
ToriN.—Academy of Turin.
VicTor1a.—Government Geological Survey of Victoria, Department of Mines.
ViexNa.—K. K. Geologische Reichsanstalt.
WasHINGTON.—Smithsonian Institute.
Drrro.— Department of Agriculture of the United States of America.
Yorx.—Yorkshire Philosophical Society.
Governments of India, Bengal, North-Western Provinces, Punjab ;
Chief Commissioners of Mysore, Central Provinces, and British
Burmah ; Surveyor General, and Superintendent, Great Trigonometri-
cal Survey of India.
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PART 1.] 9

SKEICH OF THE GEOLOGY OF THE Nonrn-WEest ProviNces, by H. B. MEepLicorr, M. 4,
F. 6. 8., Deputy Superintendent, Geological Survey of India.

The geology of the North-West Provinces is conveniently separable into three divisions,
corresponding to three distinct geographical regions. Twenty-three of the thirty-five
revenue-districts are entircly on the Gangetic plains. Three districts on the northb—Dehra-
Diin, Garhwal, and Kuméon—belong altogether to the Himalayan region. Out of nine
districts on the south, seven are in very large proportion covered by the plains-deposits ;
three only being in whole or in great part within the rock-area of the Peninsula of Hindu-
stan. It is at once apparent that these geographical divisions are also strictly geological ;
and it may be here stated that no identification has as yet been made out between the
rocks within these provinces on the north and on the south of the plains. The formations
of these several regions may be noticed in the following order : —

L.—The Plains.—Terms applicable to these deposits. Bhéngar and Khidar lands.
Whether the great rivers are raising or lowering their Khadars. Bhibar
and Tarai land. Age of the Bhingar land. Kalar lands.

I1.—Tke Himalayan region.—Physical and geological divisions. The Sub-Himalayan
series : Sabithu group; Nahan group; Sivalik group. The limestone
and slate series: The Krol, Infra-Krol, Blini, and Infra-Blini groups.
The metamorphic series.

I11.—T%e Peninsular regitm.—The coal-bearing series: Barakir and Talchir groups.
The Vindhyan series : its characters: its distribution. The slate series. The
schist and gneiss series.

I—THE Prains.

Terms applicable to these deposits.—The middle region naturally claims first attention.

1t is often spoken of as  the alluvial plains of the Ganges,” or by such like expressions. Ina
general sense these terms are admissible: there is no doubt that the materials forming the
plains were contributed by the Ganges and by its tributaries. But in this range of meaning
the Sivalik deposits might claim to be included ; for it has been shown that their materials,
too, were conveyed through the existing Himalayan drainage system. On the other hand, by
confining the word ‘alluvium’ to its strict geological meaning—to ground subject to flooding
from the very channels that now exist—the alluvial ground of the North-West Provinces
becomes comparatively small. It is necessary to specify still further to bring out the distinc-
tion to be made in the area under notice : the word “alluvium’ is scarcely understood unless as
applied to fine deposits from tranquil inundation; and it applies to such indiscriminately ;
whereas from the proper geological point of view, the distinction to be indicated is what
ground is undergoing increase from whatever form of deposition, and, on what ground
abrasion (denudation) is in permanent action; or, in other words, where river action is for-
mative and where it is destructive.

Bhdngar and Khddar lands.—A large proportion of the plains-area in these pro-
vinces is permanently undergoing denudation. The main rivers run through it in confined
and fixed valleys, the flood-level of the waters being well below the general level of the
country. Several considerable streams, as the Hindan, take their rise within this area;
and though subject to local overflow, with deposition of alluvium, they must, on the whole,
carry away annually a large quantity of earth. The fixed valleys of the great rivers are
of very variable width, generally bounded by steep high banks; they are called Kkddar, the
adjoining high land being known as Bkdagar. The deep, low-water, channel of the river
oscillates within the Kkddar, or river-plain ; the whole of this being liable to inundation from

- g
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the floods, and to constant erosion and re-formation by the action of the current. Kaddar-
mali is very nearly the native equivalent for ‘alluvial land.’ But though there is always a
large total area of true alluvial land in the Kkddars of the great rivers, it is possible that,
on the whole, these KAddars are undergoing denudation, that the river-bed is deepening,
and that the new alluvial land formed by its changes of position may be progressively lower
than the older patches removed by the same process. It has not yet been defined how
much, or if any portion, of the eastern districts come within the sub-deltaic conditions
that prevail in the Lower Provinces, where the river-action is broadly formative. The whole
of the province of Oude would come under one or other of these descriptive terms— Bhdngar
or Kkddar land. i

Whether the great rivers are raising or lowering their Khidars.—The question
whether the great rivers have at present a tendency to deepen or to raise their channels is
one of much importance in relation to engineering works, and of great interest to the
geologist. Within deltaic regions, where the rivers are essentially formative, the process is
sufficiently understood : the bed and banks of the main channel are raised, till the contrast
of level determines a gradnal set of the water to lower ground through some minor distri-
butary ; the new channel is at first scoured out to the capacity of the main channel, when the
ralsing action recommences. Within the narrow river-plain of the KAddar, there might be no
general feature to betray which process is in force. The river would oscillate pretty much
alike in either case, removing and replacing the patches of alluvial land. Still it seems likely
that careful enquiry among the natives cultivating the KAddars would elicit some grounds
for judgment: as, if any very old patches of alluvium were no longer inundated by the
highest flood, one might infer that the river had lowered its channel. The & priori con-
ditions may be stated briefly thus: Whether a river is cutting or depositing depends,
of course, upon its velocity and upon the charge of solid matter, wholly or partially
suspended in it. As regards the first condition, it can be broadly stated that the slope
(and hence the velocity) within the KAddars is everywhere much above that at which
silt-carrying rivers become on a large scale depositing rivers: at Kénhpir the fall is
nineteen inches per mile, at AllAh&bAd thirteen; while in the sub-deltaic region at
Phtna and R4jmAh4l it is only six inches; and in the Delta proper it lowers to three
inches.* It is moreover certain that for eight or nine months of the year, the great
rivers rush from their gorges in the mouuntains as torrents of clear water, or only, in the hot
months, discoloured by fine glacial mud ; immediately upon entering the Kkddar, however,
the water becomes more or less charged with silt and continues so throughout its course.
For these months then the river must be denuding its channel. During the flood season,
on the contrary, the water issuing from the mountains iz highly charged with de-
tritus; which is, to some extent at least, gradually deposited as the slope of the
channel becomes lowered in the Khddar. It would be difficult to conjecture to what
distances within the plains coarse shingle and gravel might be rolled along by the scour of
the current in extreme floods during successive seasons. Large stones not being found in the
bed of the river in the dry season may not be a safe indication of the case; as it is conceiv-
able that they should always be buried under lighter deposits as the flood subsided. Whether
or not the rivers are able, even with the assistance of the clear water for eight months of the
year, to carry out of the Kkddar all that they carry into it in the flood season, cannot be
determined without careful observation; but from all the considerations mentioned, it would
seem likely that throughout the greater part of the Kkddar the balance is in favor of erosion.
Any tendency of the Gianges and Jamna to lower or to raise their bed at the mouth of their
gorges ought to be discoverable from the effect on the canal-heads at Hardwar and Fyzabad.

* These figures are quoted from Mr. Fergusson's paper in the Quart. Jour. Geol. Soc., Lond., Vol. XIX, 1863.
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Continued observations on the silt in the water, uniformly conducted at distant places, as at
Fatehgarh, Kanhpiir, and Allahdbéd, might indicate whether erosion or deposition is taking
place within the Khadar region. But the most satisfactory test would be, continued registra-
tion of the rise and fall of the water on permarently, fixed gauges, to be checked by an
annual exact measurement of the low-water river-section at each gauge.

Bhdbar and Tarai land.—Independently of such tracts on the eastern borders of the
province as come within the sub-deltaic region of the great rivers, there is a considerable
stretch of country where the drainage is formative. The minor streams from the outer skirts
of the mountains do not run on into the plains in deep channels cut through deposits of
earlier times ; they flow, at least for many miles, in broad shallow and ever-shifting beds
formed of materials brought down by themselves. The load of shingle, gravel, sand, and earth
washed into these torrents by the heavy rainfall from the precipitous slopes of the Sivalik
hills, formed of soft conglomerates, sandstones, and clays, is far more than the current can
carry into the main rivers. It is possible, too, as has just been discussed, that something of
the same kind takes place in the upper reaches of these rivers themselves. There is thus,
along the northern margin of the plains, a broad belt of ground the formation of which
is strictly ‘recent.” The portion of it next the hills, having a steeper slope than the rest,
is chiefly composed of shingle and gravel with a filling in of sand and earth. This is the
forest-bearing zone known as the dhdbar. Except in the rainy season, it is devoid of water;
streams of considerable volume soon sinking into the porous ground, to reappear (at least in
part) along the lower fringe of the coarse deposits. This second zone, though having, on
the whole, a considerable slope, greater than the general slope of the plains, is thus made
watery and swampy; it is well known as the farai. West of the Ganges this formative
process is specially active owing to the greater development here of the soft Upper Sivalik
rocks, which are the most abundant source of detritus. Some years ago, excavations in
connection with the Eastern Jamna Canal brought to light the ruins of an ancient town.
The tarai in the Jamna-Ganges Doab is scarcely a noticeable feature, owing probably
to the good natural drainage; the watershed being here 400 feet above the Ganges at
Hardwar. Eastwards from the Ganges the farai becomes more and more distinct. In
the same direction remnants of an ancient bAdbar deposit become frequent and of increasing
elevation, till in the far east, at the base of the Sikim Himalaya, they stand at 1,000 feet
over the actual torrents. To the south of the plains some analogous cases of recent
‘deposits may be found, but they are altogether insignificant; the larger rivers there also run-
ning in channels which they do not overflow to any extent.

The phenomena under notice have been only incidentally examined, so that the sketch
here given is very incomplete and open to correction.

Age of the bhingar land.—It having been shown that the great mass of the plains.
deposits belongs to a bygone period of formation, it devolves upon the geologist to ascertain
the age and nature of the process. Very little progress has as yet been made to that end ;
the systematic study of the question not having been taken up. Some have maintained
that the deposits are marine or estuarine; others, as seems most likely, that they are, at
least to any observed depth, purely fluviatile, by a process like what is now going on
in the Bengal Provinces. No trace of marine organisms has been found in them. But
some bones of terrestrial mammalia were got in a hard bed of calcareous gravel in the bed
of the Jamna near Etdwé; and which seem to belong to species or varieties now extinct ;
80 that those deposits will probably take rank among the later Tertiaries. From observations
made in sinking wells along the line of railway, one of the engineers has stated the general sec-
tion of the Ganges-Jamna Doab south of Aligarh to be—Iloam 35 feet, blue silt 30 feet, strong
lay 20 feet, resting on a water-bed of reddish sand, from which the water rises some 30 feet,
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The bed of clay slopes from north to south at about two feet in the mile, the surface sloping
about eighteen inches in the mile. The water obtained from the blne silt is always more
or less saline. The only deep section of the plains-deposits is from the boring for an
artesian well at Ambala. This position, a little to the west of the Ganges-Indus watershed,
is on the zone of recent deposits; the river channels are all superficial, and become lost in
the desert country to the south. There is nothing in the section of the boring to mark a
change from these surface deposits to others of an older period. None could, indeed, have
been expected, as it is only on an extended horizontal section that a plain of denudation, such
as that of the present Ganges-Jamna Doab, could be detected between any older beds and
perfectly similar materials recently overlaid upon them. There is moreover no presumption
that any such break exists in the plains-deposits west of the main watershed, or at least
at that watershed. A single boring, too, can tell little or nothing of the arrangement of the
strata. The depth reached was 455 feet, or 450 feet above the seca-level. Frequent alter-
nations of clay and sand were passed through. At 286 to 296, and 400 to 417 fect, coarse
gravel and large stones were found ; strong beds of clay occurring again beneath.

Kalar-lands.—The presence of alkaline salts to a very deleterious extent in the sub-
surface water, and their appearance as an eflorescence in many parts of the country, has been
an object of anxious enquiry in Upper India for many years back; especially as it seems
on the increase, and most so in connection with irrigation. The efflorescence consists
principally of sulphate, carbonate and chloride of sodium; more rarely nitrate; and occa-
sionally with potassium as base. The crude salt with its earthy admixture is called Kalar
(Kullur). The cultivators also speak of it as #sar and rek. But the former word is said
properly to mean negatively sterile soil ; and rek is said to be properly applied to the carbonate
of sodium (or natron). Several conjectures have been made as to the origin of the Kalar:
1, that it is an aboriginal ingredient of the soil; 2, that it is continually being elaborated
from the soil by the action of water; 3, that it is brought up by water from saline deposits at
some depth from the surface; 4, that it is very largely and to an indefinite degree due to
accumulation by evaporation from lodgement of inundation waters. It is not likely that any
of these is the exclusive causo; and it is most important to determine in what degree each of
them may operate, with a view to determining the remedy to be applied in each case. The
third supposition, which would be the most unfavorable of all, may be set aside. There are
some spots on the plains of Upper India, as at Bhartpir, where deep brine-wells. are
worked ; but the ground near them is not Kalar-land; and, on the other hand, through-
out the tracts of Kalar-land the water of the deep wells is sweet, holding as little as, or
even less saline matter than, the water of the great rivers. It is of course known that the
Kalar salts are in the main the product of the decomposition of silicious minerals by
atmospheric and other surface conditions. But the ingredients of alluvial deposits are
entirely made up of mineral detritus that has already undergone the principal phase of this
soil-producing action ; and its further decomposition would be very slow indeed. Whatever
opinion may be maintained regarding very ancient Kalar-land, all the evidence upon the
recent formation of these salts goes to prove that it is due to accumulation by evaporation
in water-logged land ; and it is a necessary corollary from this that water-logging from river
or canal inundation must immensely increase the rapidity of its growth. Flooding from
rain would be limited to the salt-resources of the ground affected, or of such local drainage
as it received ; whereas river or canal inundation would be an inexhaustible source of importa-
tion of these salts. Various remedies have been suggested for this most serious evil: the
cultivation of plants, such as the barilla plant, which assimilates a large amount of some of
these salts; the application of suitable mineral manures, so as to facilitate the utilization of
these salts by ordinary crops; the application of efficient drainage. If one had only a
. definite amount of Kalar to deal with, as would be the case supposing it to be of purely
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local origin, the application of the first two methods might be sufficient. But with an
inexhaustible and ever renewed source of the salt, such as is supplied by river and canal

water (both being drainage water), it scems evident that efficient drainage is the only suffi-
cient remedy.

II.—THE HIMALAYAN REGION.

Physical and Geological divisions.—In Kumfon and Garhwil the boundary of the
Province extends up to the great snowy range, the frontier of Tibet. West of tho Ganges,
the District of Dehra-Diin (including Jaonsir) comprises only a small portion of the Lower
Himalaya. The mountain-area presents three well-marked physical zones. There is a
narrow fringe of low hills, which, from their analogy to similar ridges in other countries
named after the range to which they are subordinate, have been called the Sub-Himalayan
range. North of these the mountains rise abruptly to an elevation of 6,000 to 7,000 feet ;
and from here thero is a broad belt, some fifty miles wide, of ridges having this elevation, or
but very little over it, up to the baso of the great snowy range. This middle zone has been
designated the Lower Himalayan region. The geology of the hills has as yet been only
cursorily examined. The rocks that appear within the limits of this province may be noticed
under three heads: 1st, the Sub-Himalayan series, corresponding in distribution, at least in
its upper groups, with the lower hills designated by that name; 2nd, a limestone and slate
series, occurring very constantly in a belt of varying width along the margin of the Lower
Himalayas, as at Naini Til; and 3rd, a metamorphic series with granitic protrusions, form-
ing the rest of the Lower Himalayan region, and also the line of snowy peaks ; close upon
the northern flanks of which, beyond the frontier, there rest the Palmozoic and Secondary
rocks of Tibet.

The Sub-Himalayan Series—The youngest of these divisions, the Sub-Himalayan
series, includes a wide range of the Tertiary period; from the nummulitics up to the Miocene
Sivaliks; and these are closely connected with the Pliocene deposits of the plains. In this
series three well marked physical stages have been described. In point of elevation the order
of sequence of these has been reversed—the oldest being highest and the youngest lowest,
in their respective zones. This has not taken place by inversion; nor yet (it has been
argued) by upheaval in steps, through faulting. Appearances are best explained by the
supposition, that during successive periods of elevation an irregular scarped line of erosion
was weathered out along the newly raised strata (like the present cliffed face of the Sivalik
hills) ; and that against this, as boundary, the newer groups of deposits werc accumulated,
just as we see the bhdbur slopes of the present day. As would result from such a process,
the oldest group has been most elevated and longest exposed, and so has suffered most from
denudation. Only remmants of it arc left along the margin and on the flanks of the
higher hills.

The Subdthu group.—The typical area in which all the sub-divisions of the lowest
group are seen lies out of the North-West Provinces, to west of the Jamna. The hill
stations of Kusaoli, Dagshai, and Subdthu are on these rocks, which take their name from the
last of these places. The base of the group consists of brown clays with limestones and
fine sandstones, passing up into thick red clays and strong sandstones. The age of the
lower portion is well characterized by abundant nummulitic fossils. Only a very small
remnant of these beds has yet been observed in these provinces. It occurs on a gap of the
ridge bounding the Eastern Diin, close above Rikikés, and just north of the village of
Bone. The hills of Kumfion and Garhwil have been only cursorily examined, and other
outliers of this group may yet be found.

The Nikan group.—The middle group of the series is largely developed in the hills
immediately at the base of the mountain range, as spurs of which they might be hastily
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described ; but their distinctness as a range is well marked by a line of low gaps and open
longitudinal valleys along the geological boundary, the drainage passing through the range
by narrow transverse gorges. These features may be well seen along the Western Din
under Masiri. In the Eastern Din, from Rajpir to the Ganges, this flanking range has
been removed ; but east of the Ganges it appears again in great force, continuing so up to
the Nepal frontier. The strata are well exposed along both roads up to Naini Tél. They
consist principally of massive gray sandstone (very like the molasse of Switzerland), with
subordinate bands of clay. The small nests of lignite found at many places in the sand-
stone have more than once given rise to exaggerated hopes, and even to confident statements,
as to the existence of coal. The fine hsematite iron-ore of Dechouri near KAlidiingi is
only a local concentration of the iron oxide which occurs so freely disseminated as an ingre-
dient of the clays. This middle member of the series has been called the Nihan group,
from the chief town of Sirmiir.

The Sivalik group.—The youngest member of the Sub-Himalayan series is the Sivalik
group, so called from the name given to the outermost range of hills by Colonel Sir Proby
Cautley, who found in those rocks the splendid collection of vertebrate foesils, partially
described by Dr. H. Falconer in the Fauna Sivalensis. These hills are much lower than those
of the middle group, from which they are generally separated by the broad longitudinal
valleys known as the dins; which are structural features, not mere valleys of denudation.
The form of disturbance of the strata is very regular: broad ‘normal’ anticlinal flexures,
the axis-plane sloping towards the mountains. The Sivalik bills have been weathered out
along the axis of the flexures; and the diuns lie on the flat northern slope. The original
‘Sivalik Hills' are that well-defined portion of the range between the Ganges and the
Jamna separating the Dehra-Diin from’ the plains. From a short distance east of the
Ganges the range is broken and scarcely recognisable, having probably been denuded off
and covered up, if indeed it had ever been so prominent as to the west. The bdhdbur
deposits here often reach up to the base of the inner range of the middle group of rocks.
The Patli Dinis an irregular valley of denudation in these hills of the Nahan group.
The lower part of the Sivalik group is very like the Ndhan group in composition, save that
the sandstone is softer and fresher. At top there is a great thickness of conglomerate, both
earthy and sandy. The physical separation between the Sivalik and the Ndhan group has
recently been clearly made out; but the distinction was unfortunately not observed in the
collection or the description of the great series of fossils formerly procured from this region.
The vast majority, if not all, of the large mammalian remains were obtained from the
younger group; some vertebrate fossils were found in the Ndban rocks, but they were in
great part lost or were mixed with those from the Sivaliks: a very interesting point—the
comparison of the two faunas—was thus missed.

The limestone and slate series.—The second rock-system to be noticed consists of an
unknown thickness of slates, limestones, and sandstones, forming the first range of the
mountains from end to end. The stations of Chakréta, Masiiri, and Naini T4l are on those
rocks. The strata are greatly contorted, although preserving a strike approximately parallel
to the mountain range; and the relations of the several bands of rock can now be only
vaguely suggested. From the more regular sections in the hills west of the Jamna the
series has been roughly divided, in descending order, into—The Krol limestone; the
Infra-Krol slaty shale (often carbonaceous); the Blini limestone and conglomerate; the
Infra-Blini slates. It is the Krol limestone that determines the picturesque outline of the
outer ranges, as at Naini Tal, compared with that of the great mass of the Lower
Himalayan region. The Blini limestone has also been traced eastward, along the outer flanks
of the mountains, to as far as under Naini Tal. The Krol group has been asserted to be of
triassic age; but the only fossils certainly known to have been procured from these rocks
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within these provinces were some indeterminate casts of bivalves from a band of limestone
in the gorge of the T4l river, at the east end of the Dehra-Din. The lead-mines of Sirmir
and those near SubAthu are in this series of rocks. Trappean intrusions occur at many
places in them.

The metamorphic series.—At many places, as on the Simla section, there is a complete
transition from the slate series into the crystalline schist series, through a graduated meta-
morphism. Elsewhere the passage is abrupt, as in the valley north of Naini Tél, where the
junction is complicated by profuse trappean intrusion. The great mass of the lower Hima-
layan region, and also of the snowy range, is composed of crystalline schists, gneiss, and
granite. There is a large mass of intrusive granite near Almora. Copper ores occur at many
places, and are worked by the natives. They have not been favorably reported on by Euro-
pean mineral-viewers. There are also many fine bands of rich iron ‘ore; but the inacces-
sibility of the ground prevents their being extensively used. Impure graphite is found in
several places. :

II1.—TrHE PENINSULAR REGION.

Although the rock-area south of the plains and within the North-Western Provinces is
very small, it forms an extended line; and thus it includes representatives of the principal
rock-series of Hindustan, excepting only the Deccan trap formation and the cretaceous rocks
below it. There are thus to be noticed—

The conl-bearing series.

The Vindhyan series.

The slate series.

The schist and gneiss series.

The coal-bearing series.—The great plant-bearing series of rocks, so widely scattered
over India, has been divided in different basins into a number of well-marked groups. Baut
the characters of many of those sub-divisions, or their equivalence in time, do not exactly
correspond from one basin to another, so that it is impossible as yet to adopt a scale of
groups applicable thronghout. The two bottom groups of the series are the most widely
distributed and the most constant in character. The Talchirs, the lowest group, is of
special interest as exhibiting undoubted glacial action in very ancient rocks (probably
Palmozoic), and in what is now an intertropical latitude. The most characteristic bed of
this group is a fine greenish-gray silt, in which there frequently occur huge boulders of rock,
sometimes rounded, and sometimes, in the same spot, quite angular, occasionally polished
and deeply grooved by friction ; just as is at present only known to occur in glacial deposits.
It is not possible at present to conjecture to what conditions—whether to great elevation,
or to change of climate from cosmical causes—these phenomena were due. In most of
the fields throughout India the coal-measures are confined to the Barakdr group, which
is largely made up of coarse felspathic sandstones.

In British Singrowli, the southern extremity of the Mirzapir District, there are
about forty square miles of the Talchir group exposed; and about twenty more overlaid by
the Barakirs. From the Kota mine in Singrowli all the coal was procured, which used in
old times to be carried on pack-bullocks for forty miles, across the Vindhyan plateau, to
Mirzapiir, for the steamers on the Ganges. The sandstone forming the small plateau over
the coal-measures at Kota probably belongs to one of the upper groups of the series. This
is the only patch of this series of rocks within the North-Western Provinces. It is the
eastern extremity of the great central basin of South Riwah.

The Vindhyan series : its characters.—The base of the plant-bearing series is separated
all over India by total unconformity, involving a great break in time, from the next preced-
ing formation, which is known as the Vindhyan series. The precise range of this series has
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not yet been fixed. The rocks to which the name was first given, or rather adopted from
the old geographical name, are the strong fine sandstones forming a very long range of cliffs
along the north side of the Narbadé valley from Hosungabad to Jabalpir, and continuous
thence along the north of the 86n valley to Sasseram in Behar. As the sandstones recede
from this line of cliffs, they become steadily split up by thick bands of shales, with lime-
stones, and 8o necessitating a division into three principal groups, as Bhanrer, Riwah, and
Kaimur, forming the original Vindhyan series. In the Son valley the sandstone cliff is
weathered back to the north of its line in the Narbadéd country; thus exposing older beds,
underlying the Kaimur sandstone. Theso consist of limestones, fine flaggy sandstones and
shales, with strong bands of very peculiar porcellanic and trappoid beds; the whole forming
a series of local groups. Beds of exactly the same description as those of the Sén
Valley appear again along the north edge of the Vindhyan basin; and here also they
stop out against the gneissic rocks of lower Bandélkand, and so are entirely over-
lapped by the Kaimur sandstone. They were hero first described as the Semri series,
but are now properly merged in the SOn serics. As these strata present throughout
steady parallelism with the Vindhyan beds above them, both occupying the same basin,
being alike affected by local disturbance, and alike free from any symptoms of* meta-
morphism (except the conversion of the sandstone into quartzite in certain positions
of disturbance), the name Vindhyan has been extended to the whole series, with only
the distinction of Upper for all the original Vindhyans and of Lower for the Son
series. On the north side of the gneissic area of lower Bandelkand, about Gwalior, there
is a group of rocks resting, just as the upper Vindhyans themselves do, upon an old surface
of the gneiss; they have scarcely undergone any more disturbance or metamorphism than
the Vindhyans; but the Kaimur conglomerate rests unconformably upon an ancient surface
of erosion of these rocks, and is largely made up of their débris. There is, however,
at least one marked character common to the Gwaliors and the lower Vindhyans—the
peculiar porcellanic and porphyritoid beds occur in both; and it would be by no means
improbable to supposc that the two are in part cotemporaneous deposits. There are
also marked differences between them; the Gwaliors are highly ferruginous and include
some . strong sheets of cotemporaneous basic trap. These new characters, on the other
hand, suggest another link in the descending series of formations: recrossing the same
gneiss, to the south, we find in the Bijiwar country a new group of rocks, still again
resting flatly upon an eroded surface of the gneiss, only partially disturbed and showing only
incipient metamorphism, but upon which the original lower Vindhyans rest unconformably.
Cotemporaneous trap and highly ferruginous deposits are marked features of this Bijawar
" group; and it would not be extravagant to assume that it is, in part, cotemporaneous with
the Gwalior group. Again, in the Sén Valley, the lower Vindhyans rest with extreme
unconformity upon beds that have been thought to represent those of Bijawar, and which
have become highly metamorphic and associated with gneissic rocks. We thus finally arrive
at the suggestion of a younger and an older gneissic series; without finding, below the
Vindhyans proper, a clearly marked physical break applicable generally over even so small a
geological field as the Indian Peninsula.

The stratigraphical difficulties observed in the preceding paragraph might be removed
by the aid of fossils; but to the great disappointment of geologists in India, the Vindhyans
have as yet yielded no organic remains, although the undisturbed and unaltered strata
composing them, often covered with fine ripple marking, continually tempt one with the
hope of successful search. Some forms supposed to be corals were found by Mr. Hacket in
a limestone of the Gwalior series.

Besides producing in abundance building stope of first rate quallty and lizaestone,
the Vindhyans are only remarkable as containing diamonds. The miues near Pannih are
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now more worked than any others in India. The gem is, of course, found in the diluvial
deposits; but the diggings most prized are in the Riwah group of the Vindhyan series.
Although, however, this group has a very wide range, diamonds are not known to occur
in it beyond a very limited tract in the State of Pannah. This fact and other observations
have suggested that the diamond was not originally formed in the Riwah group; but rather
in some peculiar contact-rocks at.the base of the lower Vindbyan, or Sdn, series, and well
exposed in the sections close to the north of Pannah.

Its distribution—The Karamnésa, forming the eastern boundary of the North-Westem
Provinces, flows from the eastern extremity of the Vindhyan plateau. From here to
Futehpir Sikri (which stands upon a ridge of Bhanrer sandstone), south of Agra, the north
scarp of the Vindhyans corresponds approximately with the south boundary of the
provinces; the native states of lower Bandelkund being intricately interwoven with the
districts of Banda, Lalatpir, and Jhansi. Only, on tbe east, the Mirzapir district stretches
southward across the Vindhyan plateau, here formed of the Kuimur group, and across the
S0n valley, where there is a full section of the lower Vindhyan, or 86n, series. The
northern outcrop of this same series is exposed in the Banda district, about Kirwi. The °
Gwalior series just touches the border of the province in the Etdwah district.

The slate series.—In discussing the range of the Vindhyan series, the BijAwar
formation was mentioned as showing incipient metamorphic action. It is made up of
hornstone-breccias, quartzite-sandstone, cherty limestones, ferruginous sub-schistoss slaty
shales, and thick sheets of basic trap-rock. The districts of Banda and Lalatpir just touch
upon the original area of these rocks in Bijiwar. In the Mirzapir district, in the hills
south of the SOn, similar rocks occur, in a state of high contortion, and connected on the
south with a broad band of clay-slates, which are in turn intimately associated with
crystalline schists and gneiss.

The schist and gneiss series.—The wide bay formed by the Vindhyan scarp between
Gwalior on the north-west and Kirwi on the south-east is occupied by bhighly metamorphic
rocks,—coarse porphyritoid gneiss and crystalline schists. In the districts of Jhansi and
Lalatpér these rocks appear freely ; but to the north-east, in the districts of Jaloun, Hamirpér,
and Banda, outcrops become more and more scarce as the rock disappears under the
plains deposits. The strike of the foliation and of the bedding, where observable, is
generally east and west. Greenstone dykes are very abundant, with a prevailing north-west-
south-east direction. None of these dykes pass into any of the overlying sedimentary rocks,
and are therefore presumably of older date. The most striking feature of this area is
the prevalence of great quartz-reefs, standing up in great wall-like ridges, sometimes
more than three hundred feet high, many yards wide, and running quite straight for
several miles continuously, or with intervals appearing again on the same strike. They
bave a prevailing north-easterly run, but exceptions are frequent. These also are certainly
older than the Bijiwar formation, and also apparently older than the trap dykes. It has
been thought that gold should be found in or about these great quartz-reefs; but there is
no trace or tradition of its occurrence. According to some theories, this would be accounted
for by the extreme antiquity of these'reefs and of the enclosing gneiss.

The gneiss at the southern point of the Mirzapdr district in Singrowli belongs to the
great metamorphic area of Behar and Bengal. Here also massive porphyritic and granitoid
gneiss is the predominant rock, with subordinate bands of hornblende schist. There is a
strong band of fine Corundum in it near the village of Pipra. Bands of crystalline
dolomite and limestone are also frequent in this gneiss; whereas none whatever has been
observed in the gneiss of Bandelkund.

H. B. MEDLICOTT.
September 1872.
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DONATIONS TO MUSEUM.

8. E. Pear, EsqQ.,, Assam.—A supposed ancient stone implement found in the common clay
at Seebsaugor.

A. Stewazr, EsQ., Collector, Rajamundry, Godavari District.—A series of Intertrappean
foesils from Kateroo, Rajamundry.

C. U. Shepard.—A small portion of the Meteorite which fell at Searsmont, Walds Co.,
: Maine, U. 8. A,, fell 21st May 1871.

Dn Bieca, 10th N. I., Barrackpore.—A specimen of calcareous tufa (statactitic) from
Ross, Hokatoka, West Coast of New Zealand.

ACCESSIONS TO LIBRARY.
FroM 1sr OcroBER TO 31sT DECEMBER 1872.
Titles of Books. Donors.
Annual Reports of the Superintendent of the Coast Survey for 1851-52, 1853, 1854, and 1858,
4to., Washington.
Musguy, CoMP. ZooL., HARVARD.
Archzological Survey of India. Reports for 1862—1865, Vols. I and II, (1871), 8vo., Simla.
HoME OFFICE.
Evvior, S12 H. M.—The History of India as told by its own Historians, Vol. IV. The
. Muhammadan period, (1872), 8vo., London.
GOVERNMENT OF INDIA.
Geological Survey of Illinois, Vols. IIT and IV, Geology and Palontology, 1868 and 1870,
8vo., Springfield.
MuseuM, Comp. ZooL., HARVARD.
HecTor, James.—Geological Survey of New Zealand. Reports of Geological Explorations
during 1870-71, with maps and sections (1871), 8vo., New

Zealand.
GROLOGICAL SURVEY OF NEW ZEALAND.

Huxiey, THOMAS H.—A Manual of the Anatomy of Verlebrated Animals (1871), 8vo.,
London.
JaarBoEE van het mijowezen in Nederlandsch Qost Indié. Jaarg. I, Deel. I, (1872), 8vo.,

Amsterdam.
NETHERLANDS' GOVERNMENT.

MaexHAM, C. R—Abstract of the Reports of the Surveys and of other Geographical
Observations in India for the year 1870-71, (1872), 8vo., London.
INDIA OFFICE.
Pwnnn, A. 8.—First and Second Annual Reports on the injurious and beneficial Insects
: of Maassachusetts (1871 and 1872), 8vo., Boston.
* PgriBODY ACADEMY OF SCIENCE.

” ” Injurious Insects, new and little known (1870), 8vo Salem.
. Ditr0. -
", »  Record of American Entomologg for 1868 and 1870, (1869 and 1871),
z ’ 8vo., Salem.
. : : . Dlm
SCUDDBB, SAMUEL H —A systematic Revision of some of the American Butt/elﬂles (1872),
o 8vo., Salem.

Dirre.
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Titles of Books. - Donors.
SoweeBY, JaMes.—Mineral Conchology of Great Britain, Vol. VII, Nos. 106 to 113, (1840)
8vo., London.

Tate, Rarpr.—Rudimentary Treatise on Geology, Part II. Historical Geology, (1871),
8vo., London. o
WALKER, CoLoNEBL.—Notes on the Harmonic Analysis of Tidal Observations, (1872), 8vo.,

London.
THE AUTHOR.

PERIODICALS.

American Journal of Conchology, Vol. VII, part. 4 (1871-72), 8vo., Philadelpbia.
- »  of Science and Arts, 3rd Series, Vol. IV, Nos. 20 to 23 (1872), 8vo., New
Haven.
” Naturalist, Vol. II, (1868), V, (1871), 8vo., Salem.
PEABODY ACADEMY OF SCIENCE.
Annales des Mines, 7th Ser., Vol. I, liv. 3, (1872), 8vo., Paris.
L’ApMINISTR. DE8 MINES.
Annals and Magazine of Natural History, 4th Series, Vol. X, No, 59, (1872), 8vo., London.
» of Indian Administration for 1871-72, Vol. XVI, part. 2, (1872), 8vo., Serampore.
GOVERNMENT OF INDIA.
Archiv fiir Naturgeschichte, Jahrgang XXXVTI, heft 4, (1871), 8vo., Berlin.
Geological Magazine, Vol. IX, Nos. 9 to 11, (1872), 8vo., London.
Indian Economist, with Agricultural Gazette, and Statistical Reporter, Vol. IV, Nos. 2 to 4,
(1872), 4to0., Bombay.
GOVEENMENT OF INDIA.
London, Edinburgh, and Dublin Philosophical Magazine and Journal of Science, 4th Ser.,
Vol. XLIV, Nos. 293 & 294, (1872), 8vo., London.
Neues Jahrbuch fiir Mineralogie, Geologie, und Palmontologie, Jahrgang, 1872, heft § & 6,
(1872), 8vo., Stuttgart.
PerERMAN, DR. A.—QGeographische Mittheilungen, Band XVIII, Nos. 8 to 10, (1872), 4to.,
Gotha.
Professional Papers on Indian Engineering, 2nd Series, Vol. I, No. 6, (1872), 8vo.,
Roorkee.
PriNcipaL, THOMASON COLLEGE.
Quarterly Journal of Science, No. 36, (1872), 8vo., London. o

GOVERNMENT SELECTIONS.

BrrrisH BurMA.—British Burma, General Department. Reports on Hospitals and Dispen-
saries for 1869-70, (1872), 8vo., Rangoon.
' CHIEF CoMMISSIONER, BRITIsH BUurMA.
" British Burma, General Department, (Sanitary). Report on Sauitary
Administration for 1871, (1872), 8vo., Rangoon.

DitTo0.
.» - - - -British Burma, Judicial Department, (Police). Report on Police
Administration for 1871, (1872), 8vo., Rangoon.
Drrro.
» - British Burma, Judicial Department. - Report on ' Criminal and. Civil -

Justice for 1871, (1872), 8vo., Rangogn.
Drrro.
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Titles of Books. Donors.
BrimisE BurMa.— British Burma, Political Department. Report on the Administration of
the Hill Tracts, Northern Arrakan, (1872), 8vo., Rangoon.

CrIEF CoMMISSIONER, BRITISH BURMA.

British Burma, Revenue Department, (Excise). Report on Excise Admin-
istration for 1871-72, (1872), 8vo., Rangoon.

Drrr0.

British Burma, (Miscellaneous). Report on Revenue Administration for
1871.72, (1872), 8vo., Rangoon.

Drrro.

Ixpia.— ConniNgHAM, J. M.—Eighth Annual Report of the Sanitary Commissioner with
the Government of India, 1871, (1872), flsc., Calcutta.
GoVERNMENT OF INDIA.

Narrative of the Course of Legislation by the Council of the Governor General
during the official year, 1871.72, (1872), 8vo., Calcutta.
Ditro.
Selections from the Records of the Government of India, Department of Agricul-
ture, Revenue and Commerce, No. 90. Extracts from the Reports
of the Trigonometrical, Topographical, and Revenue Sarveys of
India for 1870-71, (1872), 8vo., Calcutta.

»

”

Drrro.
NorTH-WESTERN PROVINCES.—CABMICHAEL, C. P.—Report on the Administration of the
Police of the North-Western Provinces for 1871, (1872), flsc.,
Allahabad.
GoverNuENT, N. W. ProvINCES.
PoxsaB.—Report on the Administration of the Punjab and its Dependencies for the year

1871-72, (1872), 8vo., Lahore.
PuxJaB GOVERNMENT.

TRANSACTIONS, &c.

Berrin.—Monatsbericht der konig. Preuss. Akad. der Wissenschaften, May to July, (1872).
8vo., Berlm
THE Acmnn

Zeltschnﬂ; der Deutschen Geologischen Gesellschaft, Band XXIV, heft 1—2,
(1872), 8vo., Berlin.

THER SoCIETY.
Bosron.—Journal of the Boston Society of Natural History, Vol. IV, Nos. 2-—4, (1844),
8vo., Boston.
Drrro.

Memoirs of the Boston Society of Natural History, Vol. IT, pt. 2. On the Deve-
lopment of Limulus Polyphemus by A. 8. Packard, (1871),
4to., Boston.

Dirro.

BresLAv.—Achtundvierzigster Jahres. Bericht der Schlesischen Gesellschaft fiir vaterlin-
dische Cultur, (1870), 8vo., Breslau.
SiLes1AN SocCIeTY, BRRSLAU.
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Titles of Books. Donors.

Cavrcurra.—Journal of the Asiatic Society of Bengal, New Ser., Vol. XLI, part I, No. 3,
part II, Nos. 3 and 4, (1872), 8vo., Calcutta.

THE SocIery.
» Proceedings of the Asiatic Society of Bengal, No. 9, November, (1872), 8vo.,
Calcutta.
Drrro.

” Records of the Geological Survey of India, Vol. V, pt. 4, (1872), 8vo., Calcutta.
THE SUrvEY.
CawBRIDGE, Mass.—Bulletin of the Museum of Comparative Zoology, Vol. T, Nos. 1-7,
and IIT, Nos. 2—4, (1869 and 1871), 8vo., Cambridge.
Museon, Conr. Zoor., Harvagrp.
» Catalogue of the Museum of Comparative Zoology at Harvard College,
No. 1V, Pourtalés, L. F. de. Deep-sea Corals, (1871), 8vo.,
Cambridge. .
Drrro.
, Annual Report of the Trustees of the Musenm of Comparative Zoology
at Harvard College for the years 1868—1871, 8vo., Boston.
Drrro.
" Memoirs of the American Academy of Arts and Sciences, Vol. I, (1785),
to IV, (1821), 4to., Cambridge.
THR AcADENMY.
DrEsDEN.—Academize Ceesarese-Leop. Nat. Cur. Ephemerides sive observationum Med,
Phys. centuria I, (1712), to X, (1722), 8vo., Lipsis.
" Acta Physico-Medica Academise Camsares Leopoldino-Caroline Nature Curioso-
rum exhibentia Ephemerides, Vol. 1, (1727), to X, (1754), 8ve.,
Norimberga.
» Abbandlungen der romisch-kaiserlichen Akademie Medicinisch, Chirurgisch
Anatomisch Chymisch und Botanische, Vol. I, (1755), to XX,
(1771), 8vo., Norimberga.
" Nova Acta Physico-Medica Academis Csesaress Leop.-Carol. Nat. Curio. Ephe-
merides, 1, (1757), to VIII, (1771), 8vo., Norimberga.
” Novorum Actorum Academie Cemsaress Leopoldino-Carolinse Nature Curio-
sorum, Vol. IX, (1818), to XXXII1I, (1867), 4to., Dresden.
" Miscellanea Curiosa, Vol. I, (1670), to XIII, (1705), and Index (1670—1705),

8vo., Norimberga. ‘

” KeLixee, W. A., axp Bicaner, A. E.—Index rerum memorab. que in
decuriis I1I, ac centuriis X, Ephemeridum ab anno 1670—1722,
(1739), 8vo., Norimberga.

» Commercium Litterarium ad rei medicse et scientiee naturalis incrementum.

Anni 1731—1745, 8vo., Norimberga.
” Biichner, A. E. Academiz sacri Romani Imperii Leop.-Carol. Nat. Curio.
Historia, (1755), 4to., Halle.
» Nri1eeBavER, J. D. F.—Geschichte der Leop. Carolinischen Deutschen
Akademie, (1860), 4to., Jena.
» Sitzungsberichte der naturwissenschaftlichen Gesellschaft Isis in Dresden
Jahrg., 1871, Juli to Sept., 8vo., Dresden.
: TrE Is1s Sociery.
Froeence.—~Bollettino R. Comitato Geologico d’ Italia, Nos. 7—10, (1872), 8vo., Florence.
THR Socigry.
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Titles of Books. " Donors.

Lonpon.—Journal of the Royal Asiatic Society of Great Britain and Ireland, New Series,
" Vol. VI, part 1, (1872), 8vo., London.
THE SocIETY.

» Memoirs of the Geological Survey of the United Kingdom. Figures and Descrip-
tions illustrative of British Organic Remains, Decade XIII,
(1872), 8vo., London. ‘

GEoLoGICAL SURVEY OF GREAT BRITAIN.

» Memoirs of the Geological Survey of England and Wales. Explanation of
Quarter Sheet, 88 N. E., of the Geological map of England
and Wales, illustrating the Geology of the neighbourhood of
Dewsbury, Huddersfield, and Halifax, (1871), 8vo., London.

Drrro.
» Memoirs of the Geological Survey of England and Wales. Explanation of
: . Quarter Sheet, 93 8. W., of the one-inch Geological Survey map
of England, illustrating the geology of the carboniferous
rocks north and east of Leeds, and the Permian and Triassic
rocks about Tadcaster, (1870), 8vo., London.
Drrro.

» Geological Survey of England and Wales. Geology of the country between
Liverpool and Southport, and explanation of geological map,
90 8. E., by Charles E. de Rance, (1870), 8vo., London.

Drrro.

” Memoirs of the Geological Survey of Great Britain and of the Museum of
Practical Geology. Mineral Statistics of the United Kingdom of
Great Britain and Ireland during the years 1869 and 1870, (1870
and 1872), 8vo., London.

Drrro.

» Memoirs of the Geological Survey of England and Wales, Vol. IV, Whitaker, Wm.
The Geology of the London Basin, part I. The chalk and the
eocene beds of southern and western tracts, (1872), 8vo., London.

Drrro.
” Proceedings of the Royal Society, Vol. XX, Nos. 186—136, (1872), 8vo., London.
THE SocIETY.
” Ray Society. ALLMAN-GEORGE, J. A monograph of the Gymnoblastic or
Tubularian Hydroids, (1872), 4to., London.
MincHEN.—Abhandlungen der Mathematische-Physikalischen classe der k. b. Akad.
Wissenschaften, Band X1, abth., (1871), 4to., Miinchen.
TrE AcADEMY.
» Sitzangsberichte der Mathematische-Physikalischen classe der k. k. Akad.
Wissenschaften zu Miinchen, 1871, heft. 3, and 1872, heft. 1,
8vo., Miinchen.
. . . . Drrro.
»  Sitzungsberichte der konig. bayer. Akademie der Wissenschaften zu Miinchen,
- 1869, I, heft 4, and II, heft. 1 and 2, 8vo., Miinchen.
Drrro.
PRILADRLPEIA.—Journal of the Academy of Natural Sciences, Philadelphia, New Ser., Vol. I

(1847), to 111, (1855), 4to., Philadelphia.” -~ - .
TaE Acmmn
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Tstles of Books. Donors.
PrILADELPHIA.—Proceedings of the Academy of Natural Sciences, Philadelphia, 1857—
1858 ; pp. 65-144 of 1861; Nos. 1—6 of 1862; Nos. 1—2 of
1869, 8vo., Philadelphia.
MusguM, CoMp. Zoor.,, HaRvaRD.
" Journal of the Franklin Institute—
1st Ser., Vol. V—VI, (1828),
2nd ,, Vol I1I, (1829)—XXVI, (1840),
3rd ,, Vol I, (1841)—XXXII, (1856),
» s Vol. XLVII, No. 5,(1864), LXIII, No. 6, and
» » Vol LXIV, Nos. 1—3, (1872), 8vo., Philadelphia.

Drrro.
» Transactions of the American Philosophical Society, New Ser., Vol. XIII,
pt. 2, (1866), 4to., Philadelphia.
Drrro.

Proceedings of the American Philosophical Society, Vol. I, Nos. 1—4 and
6—12, (1840); IT, Nos. 16 and 18, (1841); IIT, (1843); IV,
Nos. 20—39; V—VI; VII, Nos. 61—62; and VIII—IX, 8vo.,
Philadelphia.

”

Drrro.
SaLEM.—Bulletin of the Essex Institute, Vol. II, (1870), III, (1871), 8vo., Salem.
Tar INsTITUTE.
»  Memoirs of the Peabody Academy of Science, Vol. I, Nos. 2—3, (1872), 8vo.,

Salem.
THE ACADEMY.

First Annual Report of the Trustees of the Peabody Academy of Science, (1869),
8vo., Salem. '

”

Drrro.
VienNa.—Jahrbuch der k. k. Geologischen Reichsanstalt, Vol. XXII, Nos. 1—2, (1872),

8vo., Vienna.
TrE INSTITUTE.

Verbandlungen, der k. k. Geologischen Reichsanstalt, Vol. XXII, 1872, Nos. 1—
10, 8vo., Vienna.

”

Drrro.
WasHINGTON.—Proceedings of the American Association for the Advancement of Science,
Vol. 1V, (1850), to XIX, (1870), 8vo., Washington.
Musgum, ComPp. ZooL., HARVARD.
Smithsonian Contributions to Knowledge, Vol. I, (1848), to XVII, (1871),

4to., Washington.
DirTo.
" Smithsonian Miscellaneous Collections, Vol. I, (1862), to IX, (1869), 8vo.,
Washington.
Dirro.

Annual Report of the Board of Regents of the Smithsonian Institute for
the years 1857—1859 and 1866, 8vo., Washington.

»

Drtro.
Yorr.—Communications to the monthly meetings of the Yorkshire Philosophical Society,

1870—1871, 8vo., London.
THE SocIETY.

January 10th, 1872.
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TaE BiseAMeUR CoaL-FIRLD, by V. BaLL, M. A, Geological Survey of India.

The above name being that of the capital town has been given to an area of coal-
measure rocks which is situated in the eastern portion of the
comparatively low-lying ground of Central Sirgijd. On the
north and east the limits of the original basin of deposit are
defined by, in the former case, a ridge of low hills composed of metamorphic rocks, and in
the latter by the flanks of a plateau formed of the same rocks. This plateau rises from 1,000
to 1,800 feet above the generally elevated country of Western Chota Nagptr; thus forming
a step or barrier between Lohardugga and Central Sirgija.

In some cases the ancient valleys and indentations in these bounding walls of the basin
are occupied by prolongations from the rocks of the Tilchir formation, which, as they crop
out on all sides, probably underlie the coal measures throughout. Instances occur, notably
one, where spurs from the metamorphics penetrate into the area pow occupied by the coal
measures. With these exceptions the latter lie within well defined boundaries, which, to a
comparatively small extent only, have been affected by faults. On the south and west the
case is very different. The original boundaries of the coal measures are far removed from the
present limits; and broken and semi-detached extensions of the sedimentary rocks, especially
the Télchfrs, connect the BisrAmptr field with other coal-fields, which, however, for all practical
purposes are, and for purposes of description may be, most conveniently regarded as distinct.

The coal measures whose limits have been thus defined occupy an area of about 400
square miles, throughout which, except in tkte river beds or their
immediate neighbourhood and on a few small hills, no rocks are
exposed : a considerable covering of alluvium concealing all. To such an extent is this the
case that a traveller might pass over the Bisrdmpiir and Partabpiir road for twenty-two miles
without seeing a single outcrop of Barfkars, save at two or three of the river crossings. -

The level of this area falls gradually from south to north, BisrAmpiir at the south-east
corner being 1,943 and Kiunrd on the northern boundary 1,747
feot above the sea level.

The drainage of the eastern three-fourths of the field is effected by the Méhén river
and its tributaries. The waters of the remainder are carried directly into the Rehr by the
Pazsing and other smaller tributaries. The MAhan itself joins the Rehr at a point a few
miles to the north-west of the field, in its course traversing a channel deeply cut in the above
mentioned barrier of metamorphic rocks which bounds the field on the north. This fact, if
others were wanting, affords evidence of the immense denudation
which has taken place. But in the isolated Pilka hill, formed of
the upper sandstones which rest on the southern boundary of the field, there is & remnant

Name.
Position and boundaries.

Area,

Drainage.

Denuaation.
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of the rocks, which, with a covering of trap, filled up the basins and valleys existing in the
ancient metamorphic area. Thus, we can see what were the conditions which gave the river
a fall from above, sufficient to enable it in the long lapse of time to cut down through what,
under other circumstances, would have been an insurmountable obstacle to the formation of
a drainage outlet for this area on the north.

Under somewhat similar conditions, two other considerable rivers, the Kunhur and
Rehr, have cut gorges for themselves, through which they are gradually removing away all
traces of those rocks whose former presence enabled them to force their way to the Sone.

Thus the valleys and basins are being sculptured and cleared out anew, the sedimentary
rocks broken up into detached areas, and the basal metamorphics gradually re-exposed to
the direct action of denudation.

Previous to the first visit of the Geological Survey, the information regarding the
existence of coal measures in Sirgiji was of a somewhat hazy
character, being chiefly confined to brief notices by the district
officers, who in their tours had seen or heard of the existence of coal seams.

Previous observers.

Colonel Ouseley, J. A. 8. B., Ina paper on the antiquities of Sirgiija, Colonel Ouseley men-
XV, 1848, p. 66, tions the occurrence of coal, iron, gold, ochre, marble and lime in
that district.

In Mr. Greenough’s map the Damida valley coal measures are connected with those
Greenough, Brit. Ass. Re-  Of Sirglij& and the Hutso valley. The incorrectness of this was

port for 1854, and map. pointed out in the Report of the Committee on Mr. Greenough’s
map, appointed by the Asiatic Society in 1866. Vide J. A. S. B, XXV, p. 425.
Colonel Haughton, J. A. 8, Colonel Haughton states “the Gaungpir coal formation is
B, 1854, p, 106. probably connected with that of Sirgdji and Palamow; but on
this point I have no reliable data.”
Colonel Dalton, J. A. 8. B, Colonel Dalton alludes to the occurrence of coal in parts of

XXXIV, pt. 11, No. 1, 1865, Girgriija.
Localities for coal are given on the 1-inch maps constructed under the superintendence

Topographical Survey Maps, of Major Depree and Captain Sale. Reference will be made to
1867-68. these localities in the following pages.

I.—GENERAL GROLOGY.
The sedimentary rocks of this area are referable to three formations, viz. :—

Thlchir series.
Damvidé series (Barikar group). ‘
Upper sandstones (= Méahadevas?)

As to the maximum thickness of the Talchfrs, there are no sections sufficiently definite
to enable us to determine its amount with certainty; but in no
part of the field where the rocks of this formation are exposed do
they reach 200 feet. In the clearest section in the area—in the Goinghatta—the same beds
roll over and over and it is impossible to measure them. OQutside what we have adopted as
the limits of the present description, there may be a much greater thickness, and in one
section underneath the Main pat, they certainly do exceed 200 feet.

Télchirs.

Similarly with the Barakars, though occupying a considerable area, there is no tilting
or disturbance of the beds for any continuous distance, the con-
sequence being that no measurements- can be made which are of
the least value for determining the thickness. The prevalence of sandstomes to the almost

Barikars,
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total exclusion of the other rocks which go to make up the Barékar group in the eastern
coal-fields renders it impossible to identify individual beds in sections at any distance from
one another. And the coal seams are far too irregular and variable in thickness to be of
much use for this purpose. :

From the general horizontality of the beds, from the character of the basin in which
they lie, and the outcropping of the Télchirs on all sides, it is evident that, as compared with
the eastern fields, the thickness must be inconsiderable, and I find it difficult to bring myself
to believe that it anywhere amounts to even as much as 500 feet.

With the upper sandstones it is less difficult to assign a definite thickness, though it
be a minimum one. The horizontal beds which form the Pilkh
hill are about 1,000 feet thick.

II.—TArcrigs.

The natural geological boundaries of the BisrAmpfir coal measures include an area suffi-
ciently limited and compact for convenient description ; but such
is not the case with respect to the underlying Talchirs. Were
the usual practice—one very well suited to the Télchirs underlying the coal measures of the
eastern basins—of following out the rocks to their extremest limits adopted in Western
Chotd Néagphr, we should find ourselves obliged to follow the extension in one direction
towards Riwé and Mirzépir, and in the opposite some 100 miles or so towards Sambalpir.

As it has been found with the metamorphic rocks elsewhere, so the TAlchfrs, which
spread over such an enormous area in Sirgdji, can be most satisfactorily discussed in a
general account of the district, apart from their relations to any particular basin occupied by
coal measures.

In describing the distinct areas of coal measures which occur in Western Chotéd Négpir,
I propose in fatare to adopt artificial boundaries, which will include a limited margin of
the surrounding rocks.

In the present instance the Rehr river serves as a very convenient boundary, except for

Limits of Talchirs here & short distance near Pahérbulls, where the coal measures them-
i selves cross it. )

Upper sandstones.

Extent of Télchfrs,

On the north of the field, outside the fault which bounds the coal measures, there are
two patches of Talchirs. The principal of these situated west
Taefrs weatof Kianr ¢ the village of Kiunr4, is of an irregular triangular shape, and
is traversed by the Mihén river. The rocks in the lower portion of this area adjoining
the fault are pebble and boulder beds, with some hard sandstone: the latter I did
not at first recognise as belonging to the Tilchir formation, but further on it is seen to pass
into true TAlchfrs, which extend up the SikAid river for about a mile. A short distance
north-east of Sugri these rocks are cut off by a ridge of slaty quartzites. In the upper
reaches of the stream just mentioned, outside our limits, there is a strip of Talchirs the
boundaries of which have not yet been mapped.
The second patch of TAlchirs lies south of the village of Mah4ispir; it is of quadran-
, gular shape, and is in area about 1} square miles. Its northern
™ south of Mab " boundary is very irregular, a stream which runs with it alternately
exposes Télchirs and metamorphics.
From the position of the faulted boundary, which is well seen in the Banki river close
by, there can be little doubt that these patches lie outside the run of the fault, but I did
not succeed in finding any point Where the section showed direct opposition of the edges
of the Barikars and Télchirs.
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From the eastern corner of the field, a long irregular strip of Télchirs runs with the
valley of the MAb&n towards Uphis, near which place it probably
Tdichirs In Mihén vally. disappears under the sandstones exposed on the southern face of the
.Mailén pAt. So far as it could be traced between Uphid and Barbdspiir, it appears to be
unbroken for about fourteen miles. When it does not occupy the present bed of the river, it is
often much obscured by alluvium and jungle. The boundaries of this strip are frequently in-
dented by noses of metamorphics and submetamorphics, and there are also several inliers
of the same rocks.

The bottom rocks of the Talchirs in the sections exposed in the Mahén are the boulder
bed with very irregular bedding and a hard grit sandstone. Overlying these is a considerable
bed of yellowish-green sandstone, which, near Barbaspiir, has been thrown by a cross-fault
against the edges of the Barikars. In the Méhén itself shale beds are of comparatively rare
occurrence, but they are exposed in some of the sections in the streams which join it on the
south.

One point in reference to the boulder bed, which plasters over quarizites and slates in the
river south of the Rinchf and Partabpir road-crossing, is deserving
i of especial notice, as it has an important bearing on the origin
of that rock. The principal proportion of the boulders are derived not from the underlying
rocks, but from the granitic gneisses which occur three miles to the north. Ome rock,
a pink porphyritic granite, which is seen in sifu north of Térki, seems to have been a prolific
source of these boulders.®

A branch from the strip of Télchirs' above described borders the Barfkars southward
as far as Karnji. This branch is traversed by the Gehir river,
in which there is a section of sandstones and boulder bed, which
continues up to the mouth of the Doldoéd stream, where slates and quartzites strike into
the river and continue in its bed for several miles.

Origin of boulders.

T4lchirs on eastern boundary.

In the Ghgur river west of Karnji there is a very intricate section in which Bardkars,
Télchirs, Slates, Télchirs, Slates, and Barikars are successively exposed.

The jungle on the banks is very dense, and the map is, probably from that reason,
deficient in detail, so that it is difficult to trace out the geological boundaries. The accom-
panying map may, however, be taken as uffording a fair approximation to the true state of
things. The second appearance of the slates is due to the same cross-fault as that above
mentioned at Birbspir. They occur as a very small inlier in the base-beds of the Télchirs,
whose ends are against the Bardkar sandstones.

As to the continuation of this fault further south, I could see no satisfactory evidence.
Possibly it bounds the Talchirs south-east of Uddkatra, but with
the streams, in which the Talchirs are exposed, inclining, accord-
ing to the map, to the westwards, it is impossible so to represent it.

Between Kérnji and Chérgar there is a very small patch of Talchirs exposed in the
low ground.

Fault.

North-east of Sidmé there appears to be a narrow strip of Télchirs cropping out from

underneath the Bardkars, but the evidence of its existence i
TAlchirs north-cast of Sidma. h ce 18
chirs 0o ° afforded rather by débris in the stream, than from rocks in situ.

* In some of the boulder beds which cccur in the country west of the Rehr, a considerable proportion of the
boulders consist of a reddish quartzite sandstone, probably of Vindyan age, which. if that supposition be correct,

must have been transported to their present position from the neighbourhood of the Sone. This could only have
been effected through the agency of ice.
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Near the village of Bhopoli there is seen the commencement of another bordering strip,
Talchirs between Bhopoli Which is traceable in the bed and neighbourhood of the Banki
and Bisrkmpir. river; thence to Bisrimpdr it is covered and obscured by alluvium ;
but sufficient is seen to enable two branches of Télchirs to be traced with approximate
accuracy, one extending southwards to the Main pat, where it is covered by the upper sand-
stones which underlie the trap, and the other westwards to the Pilkd hills, under the sand-
stones forming which it also disappears.

The first of these branches is between seventeen and eighteen miles long, with an
average of about three miles in width. On the east the boundary
is throughout natural, but the western boundary is in part faulted,
with an inconsiderable throw, against the metamorphics.

The best section of the rocks in this strip is exposed in the bed of the Goinghétts,
between the villages of Péri and Librd, where sandstones, pebble
and boulder beds, and needle shales, all of typical appearance and
lithological character, are seen.

In several of the reaches a peculiar effect is produced by the gneiss boulders, which
have been washed out of the boulder bed, and are scattered about on the surface, as though
they had been only just dropped from floating ice. One boulder, still §r sifx in the bed,
gave the following dimensions 7' 4" x 6' 8” x 2=97 cubic feet, and I observed several others
which could not be measured, which were still larger. Further south in the valley of the
Barnéi, where the strip is bounded by two ridges of gnelss hills, the boulder bed, shales and
sandstones, all occur, but no clear, consecutive section is exposed.

The Talchfrs which stretch westwards from BisrAmptr to the Pilka hills, are fanlted
against the metamorphic rocks along the southern boundary.
The line of junction between them and the Barékars on the north,
is completely hidden by allavium, but the probabilities are in favor of its also being faulted,
as west of the hill its continuation certainly is so.

The Téalchirs disappearing under the grits and sandstones of the Pilk4 hill, re-appear
on the western side much increased in their lateral dimensions ; this is due partly to the origi-
nal divergence of the boundaries, and partly to the effects of a cross-fault, the position of
which is marked by a ridge of fault-rock at the south-west corner of the hills, and by the
effects produced by it in the RAmpir coal-measure area, of which more hereafter.

Between the hills and the Rehr an irregularly shaped area of quartzites cuts the Talchfrs

Quartsites. in two parts, running up to both boundaries and being faulted
against the Bardkars. Resting on these quartzites, are three
small patches of Télchirs, remnants of the rocks which at one time spread all over them.
An isolated outcrop of these quartzites is exposed in the Goinghatt4 section, in which, as well
as in the Rehr and its tributaries, Tlchirs are seen in many broken and detached sections.

Eastern branch.

Bection.

Western branch.

The further extension of the southern fault, westwards from the point where it crosses

Pabkcballe the Rehr, is not at present known. The Télchirs continue to border

) the coal measures to within a mile and a half of Paharbulls,

where the latter terminate. At PahArbulld the extension of the Télchirs in a southerly direc-

tion is limited by a considerable group of quartzite and slate hills, which will probably prove

to be bounded on the south by the above-mentioned fault, whose western extension has not

been yet traced out.

As stated above, the Télchirs extend far to the west of the Rehr, underlying one or

more distinct areas of coal measures. The present account®is

Telehirs west of Rehr, limited to that portion of them bordering the coal-field and east
of the Rehr.
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The boundary between the Barikars and Télchfrs is pretty well seen in the Rehr north
of the village of Piindih ; but in the surrounding country the
rocks are completely obscured by alluvium, and I have been
compelled to draw the boundary straight from point to point. It is probably somewhat less
regular than is represented.

Proceeding northwards from this junction down the bed of the Rehr, there are greenish
and yellow sandstones with some shales and flaggy beds, which are chiefly exposed at the
salient points in the bed of the river. )

East of S&rmé there are some rather coarse sandstones, not altogether like Talchirs, but
apparently geologically inseparable from other more typical rocks
of that series. A short distance beyond, a nose of submetamor-
phic-looking quartzites and hornblendics strikes into the river. From the mouth of the
Jumarpéi4 stream northwards for about three miles no Tilchirs are seen in the Rehr, the rocks
exposed being for the first mile hornblendics and slaty quartzites, with a west-north-west,
east-south-east strike, changing to east and west. Nearly due west of Khopé V. S., coarse
granites come in and continue up to and beyond Khopé.

The Télchir boundary leaving the Rehr close to the mouth of the Jumarphré stream
strikes north-eastwards, passing round the village of NoudpérA.

In the streams north and south of Kéronji the rocks are much covered; but where
exposed, except at one spot below the village, they are clearly Télchirs. At that point thers
are some coarse sandstones, which I could not, as in the previous case, satisfactorily separate.

In the Gobri river and its various tributaries which traverse the country between

Chungéri and Datmé the boundaries between the Talchirs and

Gobri sections. Baréikars are very obscure. This is owing partly to the imper-

fections of the sections, partly to the presence of rocks of indefinite character, colored like
Thlchirs, but lithologically resembling Barékars.

There is an inlier of Barikars south of Dhorf whose boundaries can only be approxi-
mately represented. A reference to the map will explain the position better than any
description.

North and north-west from Nouépéra the Talchir and metamorphic boundary runs with
the Gobri, where it is very irregular and intricate. The river exposes granitic gneiss and
Télchir rocks alternately. West-north-west of Kurkali, a belt of Talchirs, half a mile wide,
occupies the low ground below Késkel4, and is seen in contact with the edges of the gneiss
under the east bank of the Rehr.

Leaving the Gobri the boundary bends round Aginé and S&lk. At the latter place
there is a remarkably fine boulder bed. The large masses of

Boundary &t SAkL- gneiss which have been washed out of it, when seen from a short

Boulder beds. distance, look like rock in situ. A mile north of Kotis the
T4lchirs are cut off by the fault which bounds the field.

A few small outlying patches of Télchirs occur in the metamorphic area which inter-

venes between the north-west corner of the BisrAmpir field and

Outlying patches. the eastern extremity of the Jhilmilli coal-measure area.

ITT.—DAiuGpA Semizs.
Bardkar Group.
Before proceeding to the description of the rocks exposed in the river sections, it will
be well to say a few words on the localities where the rocks appear
in the high ground uncovered by alluvium. For the most part
the rocks s0 exposed consist of coarse grits, and pebble beds which form bossy mounds or
small hills.

Section in the Rehr.

Sandstones what?P

Rocks in high ground.
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A few very striking instances occur, where the hidden boundary of the Bardkars is
Boundary of Barikars 8harply defined either by the character of the jungle growing
marked by vegetation. above, or by the undulating or sloping character of the surface, as
compared with that of the ground, where the underlying rocks are Télchirs or metamorphics.
At the north-east corner of the field close to Mukénpur there are some small mounds
of a coarse grit, which are separated from the gneiss by a run of
fault-rock. In the country to. south-west bending to south
as far as Chénchi, there is high ground, some of the hills, as the B4l H. S., rising
100 feet above the plain. The rocks are coarse sandstones and grits, with bands of pebbles,
which are sometimes of considerable size and little water-worn.
In the neighbourhood of Koilari there are coarse grits near the surface, most of them
excessively ferruginous.
At Bardb4 there are mounds of whitish grit sandstones.
Close to Pindih (or Prinri) there are several small hills, the highest of which is 200 feet
above the plain. The principal rock forming them is an open-
Pénri hills of pebbly gt 4 rtured grit with pebbles, which I was at ﬁrstndgisposed to regrd
as belonging to the upper group, as it presented the very strongest resemblance to the rocks
of the Pilka hill. However, with the general resemblance which exists between the Barikars
and rocks of the upper group, it is, in the absence of any well marked geological features,
almost impossible to attempt the separation of such isolated patches. South of the hill there
is a run of fault-rock, which marks the continuation of the bound-
Faalt. ing fault of the north-west corner of the field. So far as I could
gee, its throw must be inconsiderable. I am the more inclined to regard the Piinri rocks as
Barikars, in consequence of the range near Bhatgéon, which is at the same level, being
formed of rocks exactly similar to the grits and pebble-beds on the east of the field, north
of Chénchi. Towards the south and south-west of the field, as at 8idm4, Bisrdmpiir, Karwa,
and JAinnagar the coal-measure rocks are completely concealed by alluvium.
In describing the river sections, I shall begin with the Mahén, and then take up the
tributaries successively from east to west.

Grits at Mukénpir, &c.

Mdhdn River Section.—The first Bardkars exposed in the MAh&n section® are seen near
the village of Barbispir, where, as already stated on a previous page, they are faulted
against Talchfrs. South of the river Bardikars occur outside the fault; possibly some of the
sandstones seen in the river too, should be so grouped, but at the fault there is a greenish
sandstone which is certainly Talchfr.

On the west of the fault there is a small seam of carbonaceous
Seam. shales with irregular coaly layers. )

From this down to the mouth of the Dekié stream the section exposes sandstones with
some carbonaceous shales; but even of the latter, at the point west of Bedr where coal is
marked on the published map, there is not a trace of shales, much less any sign of coal. Here
as well as at several other points to be noticed in due course, the Topographical Survey
must have marked coal from seeing drifted pieces lying at those points and not seams in situ.

Opposite the mouth of the Dekif stream there is a seam, of which 4 feet, consisting of

coal and carbonaceous shale, is exposed. The coal is of inferior
Seam. quality, but burnable. The base of the seam is quite concealed by.

sand and water; possibly there may be a better quality of coal below.

¢ Disregarding for the present the probable occurrence of Bardkars in higher reaches of the river outside the
}imits of the Bisrémpir coal-field.
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Higher in the section there is a considerable seam, which is exposed along the northern
bank. The clearest view of it is to be obtained in the next
reach.

The actnal base is concealed, and the top much weathered and covered by surface débris.
Section ascending. Dip variable (rolling).

Concretionary shale e o . -4
Flaky coal .
Concretionary shale

Same as No. 4; portions mon coaly; oonhlnl mneh fron, lbout
Concretionary shales . .
Hard band of strong coal ... e

Same as No. 6 - e

10. Hidden, about
11. Concretionary shales 8”
12. Flaky coaly shale we UV
13. Concretionary shale . 8
14. 8imilar to No. 8, perhaps a mm betur . . 2
15. Coaly shale . . o Var
16. Concretionary shale e }3
17. Coal, fair e oo s o 4 8
18. Concretivnary shale - 1V 6
18, Coal e e 2
20. Indistinct concretionary shales alternating with flaky coaly layers ... 19

Seam.
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Though this seam, as at present exposed, does not give promise of any considerable supply
of first rate coal, it undoubtedly contains much of 3rd or 4th rate quality, which might be
easily worked.

Owing to the horizontality of a portion of this seam, and the various rolling dips of
other portions, it is impossible to represent its strike and outcrop in one. The line on the
map is intended to indicate that the coal is seen throughout the distance marked on the bank
of the river, rather than to convey any definite idea of strike.

From this to the mouth of the Patptri4 (Dhari4) stream I did not find any coal-seams,
the coal marked on the Topographical Survey map south of the site of the deserted village of
Pansidand having no existence. The principal rocks which are seen are horizontal sand-
stones, some of the individual beds of which are traceable for several miles.

Just beyond the Patpurid stream there is a small seam of

inferior but burnable coal ; the section is—
Descending.
Sandstone, about ... . 2
Coal - 17
Bluish sandy shales ... s . ¥

After this for about five miles the only rocks seen were sandstones and grits. There is
no coal in situ at the mouths of either the Ghogor or Bink, as has been indicated on the
Topographical Survey map.

At the KoteA and Bhojd road-crossing there is a seam containing about 2' 11* of
poor coaly shale. It is seen again in the adjoining stream on the
east. Where seen in the Mahén it has been let in between sand-
stones by {wo small faults. The tops of two other seams are exposed in the two next
reaches, at the localities indicated on the map. What the thickness
aud quality of the coal may be which they contain can only be
determined by excavation.

There is no coal at either of the localities marked near the mouth of the Galphils.

Beam.

Two seams.
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In the long south-to-north reach which follows, the lower portion of a seam is exposed,
paving the bed of the river for about two miles. A clear section

Seam- of the top of this seam is exposed near Bhaghré.
Seam— Descending.
Sandstone, about . 12
1. Blue shale .o P
2. Coal, portions shaly, but for the most part fair ... . 4
3 Blue shale - 4"
4. Coal, fair, upper 3” stony ... R U U
5. Shale ... . U 'Y
6. Coal like No 4 ... 3
7. Shale ... . 8"
8. CoaP like No. 4 ... 3"
9. Blue shale, about ... [T L
10. Carbonaceous shale o ¥
11. Coal like No.4 ... e ?

12. 8hale,—covered.

Some experiments with No. 4 showed that it does not coke, but retains its shaly shape.
On roasting, it evolved gas freely in quantity, see p. 39.

The east-to-west reach beyond this has a deep channel, which retains a comsiderable
body of water. This and a dense grass and tree jungle which clothes the sides render it
almost impossible to keep the river in sight.

At the bend to the next reach there is a seam which is possibly only another outerop of
the one just described at Bhagiri. However, it contains less coal,

Seam. and the constituent layers of coal and shale do not correspond.
Section— Descending.

Pelspathic grit sandstone,

Interval.
1. Blue shale . &
2. Coaly ,, S U
3. Blue e 1 g
4. Coaly ,, 4
5. Coal, fair e 2w
6. Blue shale P
7. Coaly shale . U L 1
8. Coarse grey and blue shales ... . 2
9. Coaly carbonaceous shale [T . U
10, Shale.

Base covered.

From this northwards to its junction with the Banki (Pertabpiir) river, the MAhén
exposes sandstones at intervals; east of Durti a fine trap dyke
causes a fall in the river. The strike of this dyke in the bed of
the river is 15° north of east to 16° south of west. A possible continuation of it is seen
in the Joho4, six miles to the west; but in the intervening country and also to the east of the
river I could see no trace of it.
Beyond the junction with the Binki, under the eastern bank, there is a small seam
Seam. which contains some hard coaly shale, but apparently no coal.
After this for nearly a mile there are Barikar sandstones ; and then
no rocks are seen for nearly a mile, the deep channel of the river being filled with water.
The first rocks exposed are some Talchir boulder beds, which crop out from underneath the
western bank. The faulted junction is therefore hidden here, but is very plain in sections
both on the east and west. North of this the Mahan does not again traverse Bardkar rocks.

Taking up the tributaries of the Méhﬁn, in regular suocession from east to west, the
first to be noticed is the Dekié.

Trap.
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Dekid River Section.—South-west of Markétind a nearly horizontal seam of from 1’6"
to 2 of coaly shale and coal crops out at several places. Above it
are ferruginous pebble beds and concretionary iron bands, the
former resembling rocks occurring in the upper group, e. g., in the hills near Kussumbi on
the Ranchi road.

Gagur River Section.—Although Barikars occur east of the cross-fault above described,
the river section of these rocks commences at it. They consist of massive sandstones, which
are horizontal or only slightly rolling, and are deeply cut by the river. North-west of
UdukAtr4, a seam of coal is partially exposed on the southern bank
underlying these sandstones. Apparently the same seam is again
seen at the loop bend east-north-east of Burka-Dhuri4; it there nnderlies some much
honey-combed sandstone. The thickness of coal is about 2’ 4°.
. At the next reach there is another badly seen seam. Throughout
the remainder of the section up to the Mahéan the rocks are all coarse sandstones.

Seam.

Seam,
Seam.

The small streams flowing into the GAgur on the south were not examined in detail,
but where crossed, they showed no signs of containing coal. They for the most part are
at a higher level than the Gagur channel, and have not yet cut down to the coal exposed in it.
The watershed where they take their rise is the spur of quartzite which penetrates the
Barfkar area, and which has been already referred to.

Patpiirid River Section.—The Patplrid stream rises in the high ground of the
quartzite spur below Dhurié, where it passes on to the BarAkars. The rocks exposed are of
very peculiar appearance; they consist of pebble-beds and coarse conglomerates, which latter
contain masses of blue quartz, jasper, and jasper breccia, derived from the sub-metamorphics
in the vicinity. Not far off a large fragment of coal was seen, but no seam from whence it
could have been derived was discovered. Half a mile from the
mouth of this river there is a seam of coal which measures 2 11 ;
it underlies massive sandstones, and is not improbably a thickened continuation of the
seam described in the Mahén section on page 32.

Seam,

The stream east of Kharghon4, which joins the Patpiirid near its mouth, passes under-
ground for some distance east-north-east of the village. At the
base of the tunnel a seam of about 1’ 6" of poor coal, possibly the
same as the one in the Mahén and Patpiria, is exposed. My attention was drawn to this
peculiar tunnel by a flock of blue pigeons suddenly rising out of a hole near the road. This
hole proved to be an entrance to the cavern, the existence of which I might otherwise not
have suspected. '

Seam.

Turrd River Section.—The TurrA river, as well as its tributary, takes its rise in the ridge
of metamorphic rocks outside the northern boundary of the field, and joins the Mahén
rather more than one mile west-south-west of Kertd.

A short distance from the mouth there is a seam under a thick bed of sandstones which
contains about 117 of inferior coal. About half a mile further up
the stream, there is a flat seam containing coaly and carbonaceous
shales, the thickness of which is uncertain. The map not being plotted, I am unable to
say to what exact spot the next locality for coal marked on the topographical map may
refer.  Somewhere in that neighibourhood there are traces of carbonaceous shale, but no coal.
Like so many others in Sirgdj4, this river proved very difficult to follow up : throughout long
reaches the accumulation of the water in the deeply cut sandstone channel rendered it impos-
sible to wade, and the thickness of the jungle on the ravine-intersected banks made it almost
equally impossible to keep along the bank in sight of the rocks.

Seam.
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The next coal seam exposed is situated slightly south of west of Chourf. It is flat,
and paves the bed of the river; portions are coaly, but the thick-
ness is not disclosed.

In the western branch of the Turré called the Gohogor, I saw no traces of coal at the
junction. But the river has not been examined.

Seam.

Bdnk River Section.—The Bank river rises in the metamorphic hills to theé east
of Bisrdmpir, and joins the MahAn north of Bhoji. It first enters the sedimentary rocks
(Télchirs) near the village of TakiA. Thence it proceeds northwards along the eastern
boundary of the field, bending at one locality into the Barikars, and at another into the
metamorphics, and for the remainder of its course up to Ghangri, traversing T4lchirs.

In the Bhiti river, which joins it close by, there is a seam of carbonaceous shale which is
seen at the road-crossing below Bakni. In a stream which joins
the Bhiti south-east of Bakn#, there is another seam containing
about 1' 6” inches of coaly shale; this is covered by coarse sandstones, the exact position
of the boundary between which and the slates is hidden. Returning to the Bink, the Tal-
chirs, which occur in the bed of the river north of Ghangri, are gradually covered by pebbly

Barikar grits. About a mile from the junction, there is a seam

Seam. containing about 5” of good coal ; after this, half a mile further,

there is a rolling seam which contains 2’ 10" of shaly coal; it

is several times repeated higher up. West-south-west of Abkord, there is a seam which

is exposed by the deep-cut channel included between massive

beds of grit. It has a slight inclination to north and a variable

thickness, the average being about 2'; it is, like many other-of the seams in Sirgdj4, in all
probability only a lenticular mass with limited lateral extension.

For about two miles beyond this only sandstones and grits are exposed. But east of
Chétésirdi there is a seam of shaly coal of which 2’ 1” is exposed,
the base being hidden. The streams which join the Bink in this
neighbourhood from the east did not, at their mouths and for some distance in, give any
promise of coal. At the point where the Partibpir and Bisrdmpiir road crosses the Bénk
there is a seam, with a slight dip to the south-east, which contains
about 8 of poor flaky coal and carbonaceous shale exposed, the
base being hidden. In a stream which joins the Bank north of R4imé, there is a seam

: containing somewhat similar shales. Nearly north-west of the
deserted village of Chora, there is another seam with the same
constituents ; of this 2’ 6” only is exposed.

For about two and a half miles more the river runs along through a gorge cut in q. p.
horizontal beds of massive sandstones and pebbly grits. Nearly
due east of Bhoj& there is a seam of coal dipping 5° to north, in
which there is about 1' 8" of coal exposed.

The remaining two miles or so of the Béink, up to its junction with the Mahén, I was
prevented from examining by an attack of fever.

Beam.

Seam.

Seam.,

Seam.

Seam.

Koted River Section.—In the stream which joins the Mhén south of Koteé, the rocks
are much covered, especially near Gourl. East of Koted, there are sandstones; and close
to the mouth there is a section of the seam which is seen in the Mahén, vide p. 32.

Galphiild River Section.—In the loop-bend of the Galphild near Bildro there is a
seam containing some coal, about 8” of which is seen. In an
adjoining stream the whole seam, measuring about 7', is exposed,
in which there are seen to be coaly layers mixed .up with carbonaceous shales. I do not

Seam.
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think there is any promise of good coal being found in workable quantity. This seam has
a more decided dip to the north-east than is common, the rocks being for the most part
horizontal. Coal was met with south of the deserted village of
Jhapris. The seam consists of carbonaceous shales, with thin
layers of coal, one near the base measuring 6" ; the dip is 10° to south-east.

The same seam is better seen in the Baherddol branch of the river; it is here seen to
be of considerable size, and contains about 6} feet of fair coal.
Some of the accompanying shales contain Glossopteris and other
plant fossils.

There are several other seams containing carbonaceous shale, with portions coaly. One is
situated west of Jhapré and another west of Bhojé ; the character
of the latter hardly justifies the insertion of coal on the Topo-

Seam.

Fossils.

Seams.

graphical Survey maps.
Jhampi River Section.—In the Jhampi from Doin to its junction with the Mahén I
only met with one seam of carbonaceous shale associated with

Seam. the Barikar sandstones. Some fragments of coal, however, indi-

_ cated the presence of a seam in the area drained by the numerous small tributaries.

Chengodri River Section.—From the character of this river and its banks it was
Seam absolutely impossible to follow it up closely. The only seam I
' met with, was one containing 1’ 1” of coal which is situated at the
junction with the Jhampi.

Mdsdn river Section.—Asindicated on the Topographical Survey map there is coal in the
M4sén north-north-cast of Jarhi ; the total thickness of the seam is
about 7', of which ' is coal. It dips to north-east. From its more
shaly and generally inferior character, I am inclined to think it is distinct from the seam about
to be mentioned. This seam runs with the stream for a considerable distance, being last exposed
about half a mile from the junction with the Médban ; it contains
from b to 6 feet of coal, the upper portion of which is very fair.
It has an unsteady dip to south-south-west, which never exceeds, and rarely attains 10°.
This is the most promising seam in this part of the field.

Bdnki (Partdbpir) River Section.—The boundary of the coal-field crosses the Banki
about two miles north-north-west of Bardha. The section clearly shaws it to be faulted ;
the edges of the sandstones are presented against the faces of some much tilted and
disturbed slates and quartzites, the penetration of which by granite-veins and their
relations to the granitic gneissose rocks I shall allude to further
on. At the junction on the western bank of the river a thin
band of 7" of coal underlies the topmost sandstone, and is itself underlaid by a greenish
yellow sandstone, which I at first thought might be Talchir, but subsequently concluded
to be Barékar.

From this to the junction with the Mahan there are more or less horizontal sandstones.

In the Daldali stream, nearly due north of Burdh4, there is a seam of coaly and
carbonaceous shale, which with its accompanying sandstones is
(locally) upheaved to an angle of 456°; from this to the point
where the stream passes into the Télchirs sandstones only are seen.

Ndkti River Section.—The Nékti for a portion of its course runs with the faulted

. boundary of the Bardkars, crossing and recrossing it frequently.
The only rocks of this group which it exposes are sandstones.

In the Maratd branch of the stream there is a small seam of coaly shale of no importance.

Seam.

Seam.,

Seam.

Seam.

v —
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The Barékar faulted boundary leaving the Nakti north of Narkold is traceable south of
Pakni to Kéaroti, where it is cut off. In several places along it the sandstones are highly
indurated.

Rekr River Section.—The Rehr river with its tributaries drains the south-western
portion of the coal-field.

The bounding fault of the south-west corner of the Barfkars of the BisrAmpiir area
crosses the Rehr one mile north-east of Beltikri; the actual junction line is here covered, but
Bardkars and Talchirs are exposed at no great distance on either side.

In the reach which strikes eastwards from Pachird there is a trap dyke, which for a
mile forms the northern bank of the river; at the other end it is
flung by a small cross fault which brings it down to the southern
bank. Besides this principal dyke there is a second, irregularly parallel to it, which traverses
the sandstones for a short distance.

In the next reach there is a coal-seam containing about 18 inches of fair coal. Dip 5°
to north-east. Further on there is seam which is, I think, distinct
from the last. It is inaccessible, being under a thick bed of sand-
stone which overhangs a deep pool. It is probably from 15°-18” thick. Rather less
than a mile beyond the junction with the Pasang there is a
seam exposed in the bed of the Rehr, of which the measurable
thickness is about 3 feet. It hasa slight dip, which varies in direction between east and
north-east. Most of the coal is fair, and a portion excellent. In the bed of the river beyond
this, blocks of coal of considerable size—from what seam derived is uncertain—are abundant
and of good quality. They may have been washed out of the seam just mentioned, or carried
in from some of the seams in the Pasang. Beyond this seam, up to the boundary, the only
rocks seen are coarse Bardkar sandstones. .

Trap.

Seam.

Seam,

Pasang River Section.—East of the Silphili Ghat, the section in the Pasang for about
four miles exposes horizontal sandstones only. The same beds persisting throughout.

West of the ghét the same sandstones continue for about four miles. In some places
the river has cut for itsclf a deep channel. South of the
deserted village of Kasalgiri there is a seam which at first, from
the manner of weathering, appears to consist entirely of good coal. On close examination,
however, more than half proves to be quite useless, and the remainder inferior earthy coal.

Seam.

Section—
1. Carbonaceous shales 8"
2. Shales with plant fossils ... 2
8. Carb shale, passing into 1y
4. Earthycoal ... 2

E%

At the mouth of the Chapar river there is a seam, which, so far as it is exposed,

consists of slaty carbonaceous shale, with portions coaly. Before

Four seams. the mouth of the next northern tributary there is an inconsider-

able seam of coaly shale, which has been locally tilted. Imme-

diately after it the top of another seam is seen under water. Before reaching the mouth

of the Arsothéd tributary, the top of another seam, containing about 1’ 6” of coal, is seen

at the water’s edge, and underlying the massive sandstone through which the chamel is

cut. This, or a distinct seam, is exposed in the reaches beyond the Arsothd stream; it
ocontains 3’ of coal and coaly shale, possibly more.

From this up to the mouth of the Karché the rocks are covered. But a short distance

beyond it a seam is imperfectly seen under the southern bank.

Searn. Possibly a continuation of the same is exposed at the mouth of
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a stream which joins the Pasang near the Jainnuggur and Kimdé road. It there contains

1'6” of good coal (vide p.39). The top is much weathered, and covered with soil, but

Seam. the base is well seen. Another seam is badly exposed west of

the road, after which up to the junction with the Rehr the only

rocks seen are horizontal sandstones. In the KhoA and Gambadid rivers west of Pilka the

Barkar sections contain grits and sandstones only ; the latter are sometimes of a somewhat
pinkish color, as also are some of those in the Pasang associated with the coal.

Gobri River Section, &c.—The character of the sections in the Gobri, with its tribu-
taries the Ddmund4, Patpiri4, and Kadiri4, can be best gathered from the map. In so far
as the Bardkars are concerned, there are no points of sufficient interest to be made the
subject of special detail. No traces of coal were met with in any of them.

IV.—UppER SANDSTONES (LowER MAHADEVAsP)
Within the limits of the BisrAmpir coal-measure area, the only locality in which
sandstones referable to any of the groups higher than the
Baréikars occur, is in the Pilk4 hills, a remarkable looking cluster
which stands out isolated in the centre of the Sirgijé plains.

These hills are formed of hard quartzose sandstones, grits and pebble conglomerates, the
beds of which are horizontal ; and the elevation of the top of the
highest bill above its base, or about 1,000, may therefore be taken
as giving the total thickness.

The evidence here afforded of great unconformity between the rocks of this and the
older formations is singularly conclusive. The basal bed of grit
laps from Barékars across Télchirs on to metamorphics, the
relations between which had been first established by faults. A doubtful case—not yet fully
examined—of similar faulting having taken place in the Bardkars previous to the deposition
of the upper sandstones, occurs in the hills to the north-east.

In the KAranptr field too, a fault has been mapped as running under the Upper
Pénchets.

In describing these rocks, I follow what appears to be now the accepted belief, viz., that
the Upper Pénchets of the Damiida fields are of Lower MahédevA age, and the general
lithological resemblance between the Pilké grits, &c., and the Upper Pénchets, is so strong
that I think their identity may be safely asserted.

The only difference that I could detect between the pebbly beds of Pilk4 and those of
Panchet and Ligi* was that the former are somewhat less ferruginous, in which respect
they resemble the R4jmahél grits, which appear to be also referable to Mahéidevé age.

On the level top of the hill there is a little soil, but no trace of either laterite or trap.
Judging from the similar hills and the plateaus, both to the north
and south, trap in all probability at one time did also exist here.

Pilk4 hills.

Thickness.

Unconformity.

No laterite or trap,

Trar DyxeEs.

In addition to the general horizontality of the beds, and the small throws of the few
faults in the BisrAmpiir coal measure area, the scarcity of trap dykee affords evidence that
the rocks have been subjected to a very small amount of disturbance, as compared to that
which has affected the more eastern fields.

One trap dyke is exposed in the M&hAn section, two miles east of Durti. A possible
continuation of it is seen in the Télchirs and metamorphics, in the
Jojhod stream, seven miles to the west, but no other trace of
its continuance beyond the bed of the Mah&n was discovered.

Méhén dyke.

* Hills situated respectively in the Réniganj and Bokdro fields.
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The only other trap dyke is seen in the Rehr section, where it runs for about a mile
along the northern bank of the river, below Pachiri. At the
east end of the reach it has been flung to south by a small fault.

Both the above are coarsely crystalline diorites.

Rebr dyke.

V.—EcoNoMIc REsoURCES.

With the exception of building stones which are of the usual character found in the
Bardkar and Télchir rocks, the economic resources of the Bisrdm-
pur coal-field are limited to coal.

From the imperfection of the sections, and the difficulty of identifying the partially
exposed coal seams at different localities, any attempt at a tabular statement of the number
of seams would only tend to exaggerate the importance of a large proportion of them, which,
while they will in all probability prove to be worthless, cannot
at present, from the limited data which we possess regarding
them, be individually asserted to be so.

It may be regarded as an established fact that good coal does exist in fair abundance,

Good coal. and from the horizontality of the seams, in a suitable condition
for working. But borings can alome furnish facts sufficiently
reliable for estimating the extent and thickness of individual
seams, and generally the total amount of coal existing in the field. Such borings at a few
well selected sites, would, in consequence of the undisturbed character of the beds, and
the comparatively small thickness of the whole formation, give conclusive and exhaustive
information as to the amount of coal obtainable.

To prove the individual seams which, as at present exposed, are the most promising, I
would recommend borings being made on the west bank of the
Méhén, a mile and a half north of Chendid; on both banks of
the M&hén at Bhagéré, and on the southern bank of the Pasang, north of Jaldegé ; and from
these points in whatever directions the original results would render it probable that the seams
extended.

For proving the total amount of coal throughout the area occupied by the coal measures,
borings should be made all across it. It is at present bardly necessary, however, to go far-
ther into the question, as the probability of this hill-surrounded area being ever the seat of
mining enterprise is so slight that the existence of coal there in whatever quantity can
bardly be said to have any immediate importance from an economic point of view.

The coal-fields below the plateau in the Ménd valley, ninety miles to the south, are the
only localities in Western Chotd Nagpir which are ever likely to be made use of by any
railway connecting Calcutta and the Central Provinces.

The following is the result of the assays of coals from five localities :—

Building stones.

Many seams worthless.

Borings.

Points for boring.

CoaL Szaxs. Caxsox. | VoramiLe. Asn.
1 Rehr river near Panri . (water 5°5) 577 382 41
2 Pasang river, Jinuzgur and Kumd4 road 562 37 68
3 Mshén ,, Bhagérd e 502 33 168
4 » » uorth of Chendid 485 324 191
8. Mdskn v (water 4) 455 316 229
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VI.—MxraMorPHIC Rocks.

The metamorphic rocks surrounding the Bisrampiir coal-field are separable into two

. groups, chiefly by their respective lithological characters. But

o gronpe. their occurrence here, as well as in other parts of Chota Négpir,

is accompanied by certain geological features, which render it probable that they really belong

to two different periods.

The types of the former group are coarse granitic gneisses with variable amounts of

visible foliation. Of the latter the types are slates, quartzites,

Types. and hornblendics. Instances ocour however where individual beds,

lithologically undistinguishable from the latter, are geologicully inseparable from beds be-
longing undoubtedly to the former.

VII.—GeaNITIC GNEISS SERIES.

The east and west range of hills south of Partébpiir, which bounds the coal-measure
rocks on the north, consists of coarse granitic gneisses and schists which are exposed in
section in the Mah4n, Bénki, and Rehr rivers; in the Binki section, however, there are also
some quartzites, to which allusion will be made again farther on.

On the east face of the field, granitic and porphyritic gneisses are again met with near
Aré, where they occupy a zone about three miles wide. South of

Trap-like hormblendics. these a peculiar group of trap-like hornblendic rocks form the
high ground near Pérss. At first I was strongly inclined to believe these to be trappean,
and only relinquished this opinion on finding traces of foliation in some of the sections
exposed in the streams on the top of the hill. These rocks continue to the Bank south of

Sonpir.
The spurs from the high ground east of Bisrdmpiir are formed of granitic gneisses with
occasional schistose, hornblendic, and quartzose bands.

Spurs.

South-west of BisrAmpiir and south of the Pilkd hills, there is an area occupied by

‘metamorphics, which consist chiefly of granitic gneisses. These extend southwards to the
Méin pit through Lukéanpir.

On the west of the field the section of the metamorphic rocks in the Rehr commences
with quartzites of rather uncertain affinities; these are followed
by granitic rocks, which continue—ocoasionally including schistose
or slaty beds—up to Jhilmilli.

Section in Rehr.

VIII.—QUARTZITE AND SLATE SERIES.

North of the faulted boundary where it crosses the Banki, there is a thickness of
several hundred feet of quartzites and slates, which present a
somewhat very unusual appearance. Granite veins or dykes
which are ordinarily confined to the gneissose rocks, in this case pass across into the
quartzites, and appear to have been the cause of the disrupted and tilted condition of
the beds. In some cases fragments seem to have been torn off from the main mass and
are enveloped in the granite. Accompanying this disturbance

Bocks hardened. the slates are much hardened, and the faces are lustrous with

crystals of actinolite.

On the eastern side of the field, rather more than half the length of the boundary
runs between Thlchirs, quartzites, slates and schists. The extreme irregularity of the surfave

Section in Bénki.
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of the latter at the period of the deposition of the Télchirs is well shown by the broken

character of the boundaries. In the Gehur and MAbin sections

Tron pyrites. many of the slates abound in iron pyrites, which is generally

decomposed near ‘the surface and covers the rocks with a copious efflorescence of sulphur.

1 saw no traces of copper, but from the similarity of the rocks to the copper-bearing beds of
Singhbhiim, it is by no means improbable that it may exist.

The Gégar river south of Kérnji traverses a deep gorge, and gives an admirable section
of the nearly vertical rocks through which it passes. They consist of slates, indurated
shales, quartzites and hornblendics, the last mentioned sometimes exhibiting a cannon
ball structare.

One slightly calcareous slate contained a few striated moulds, or impressions of apparently
organic objects, but what they could have been has not been
Organic impressions P determined.

A steady strike to nearly west-north-west east-south-east prevails in these rocks. Where
not vertical, the dip is to south-south-west at a high angle.

Near the village of Kuthwén, interbedded with quartzites, &ec., there is a conglomerate
formed of rounded fragments of quartzite, jasper, &c., bound to-
Cong : gether by a very hard quartzose paste.

A spur of quartzites, &o., penetrates for six miles west of the main boundary at Chanchi
into the basin. It is not mow covered by the sedimentary rocks; indeed south of Darif
it forms some small hills which rise above the general level.

In the stream south of Daria, V. 8., the conglomerate just mentioned is again seen;
it is on exactly the same strike as the portion of it which is near Kuthwan, or nine
miles off,

At Ara, as already mentioned, the granites come in, cutting off the slates. On or

about the line of junction, there is a run of limestone, which
Limestone. ocontains crystals of tremolite.

West of the Pilkd hill there are quartzites, which must, I think, be referred to this
group; and the hills south of Pahérbulld consist of rocks of the same character.

One notable difference I observe between the rocks of this group as seen in Mén-
bhim and Singhbhim and in Sirgdjé, and that is, that the

whpoence of magneslsn  yurotiey of magmesian schist which are common in the former
and farnish a considerable proportion of the total thickness, are

nearly altogether absent in the latter.
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MINERALOGICAL NOTES ON THE GNEISS OF SoUTH MIBZAPUR AND ADJOINING COUNTRY,
by F. R. MALLET, F. G. 8., Geological Survey of India, (No. I1.)

Having last season found the limestone of the Bichi nadi* to be a normal dolomite, I
collected specimens from various localities this year, in order to
ascertain how far this character is general in the limestones of
the gneissose series. On anglysis I obtained the following results :—

Limestones.

I.—Calcite Limestones.
A, B. C.
Carb. of lime ... .. 9792 8312 8592
» s mMagnesia .o 1-47 7-04 819
s s iron .. 38 1-28¢ ‘76
Insoluble e 80 1016 552

100-67 10160 100-39

I1.—Dolomite Limestones.

D. E. F.
Carb. of lime ... .. 6728 6468 5385
» s mMagnesia .. 8024 3414 4578
» wiron .. . 78 68 34
Insoluble 50 76 1-00%

98-80 10016 10097
il—
A is a very coarsely crystalline white limestone, from south of Bilwéda on the road from
Singraulf to Mirzépir; B a dark grey fine-grained crystalline rock, from east of Kardmi,
(sheet 18, Riwa Survey); Cisa white and greenish-white, rather fine-grained crystalline
rock, which occurs in subordinate beds through the dolomite E. It weathers with a smoother
surface, and is tougher on account of its more compact texture. D is a rather finely crys-
talline, or saccharine, white dolomite, from the banks of the Rehr, south-west of Ekpai ; its
composition corresponds nearly to the formula 2Ca0, CO, 4 MgO, CO,. E is a white
rather coarsely crystalline rock from north of Parérwa, having the composition 3CaO, CO,
+2MgO, CO, ; while F is the white crystalline normal dolomite (Ca0, CO, 4 Mg0O, CO,)
of the Bichf nadi already referred to.

It will thus be seen that the limestones vary from pure carbonate of lime to pure dolo-
mite. In some cases, of which C and E are examples, the two rocks are interstratified.
The above dolomitic limestones are all associated with more or less serpentine; and I think
it may be assumed that where the latter mineral is present in any quantity, the limestone
is magnesian. In the only case I have hitherto observed in which serpentine is actually
interbanded with the limestone the latter is true dolomite.

In the two patches of gneiss east of Koelkat (sheet 18) occurring as inliers in the
Télchirs, limestone is very abundantly met with, the same beds
being probably repeated by folding, with a general strike of about
west 30° north. It is a white crystalline rock, varying from a saccharine variety to ome
with cleavage facets of  inch across. The band to east of Réondi contains a very large
amount of wollastonite. In fact the rock is entirely composed of this mineral in places,
constituting there a ¢ wollastonite schist,’ which from its greater resistance to atmospheric

‘Wollastonite.

* Vol V, P. 19, t With traces of manganese. $ Chiefly minute scales of mica.
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influences often stands up above the general surface in a low jagged ridge. The mineral
_has a greyish-white color and bright pearly lustre, and the approximate parallelism of the
principal cleavage faces gives the rock a somewhat fissile structure. Tremolite is very
abundant in the limestone of the Bichi nadi ;* but the above is the first instance I have met
with of the occurrence of wollastonite.
My work brought me again this year to the corundum quarries between Pipra and
Corandum. Kéadopénf, which I examined closely. The thickness of the bed
cannot be determined with any degree of accuracy from the
amount of débris lying about ; but as a rough guess I thought I was more below than above
the mark in estimating it at 30 yards at the quarries where it appears to be thickest, and it
may be considerably more. The ground is too obscure for one to say with certainty that
the above includes no subordinate layers of other rocks, but I observed no indication of such,
and for anything I saw for the contrary, the bed may be a solid mass of corundum. It runs
about east-north-east, west-south-west, the bedding being vertical or at a high angle. The
section previously givent is only true for the spot where it was made, for some of the
associated beds die out rapidly. At the west end of the long low hillock which marks the
position of the mineral, porphyritic gneiss and white quartz-schist are seen within 10 yards
of each other with corundum in the space between. From this to the Rehr, some 300 yards,
is obscured by clay, and no trace of the corundum is to be found in the river. East of the
quarries again, the bed can only be followed for a short distance, the entire length visible
from west to east being, as laid down on the map, about half a mile.

The corundum, where weathered, much resembles fine-grained hornblende-rock in a similar
state, and might be easily overlooked. Its intense hardness is well shown by the way in
which hammers whick may have stood years of ordinary geological work are in a few
minutes split and pounded out of shape on it. It seems strange that it should not form a
more prominent physical feature. Pluvial mechanical erosion would apparently act very
slowly indeed on it, in comparison with the softer rocks on either side, and the absence of
secondary minerals in considerable quantity does not point to important chemical alteration.
Probably its weak point is the irregular jointing by which it is intersected.

The quarrymen are, I was told, paid at the rate of one rupee per 31} kacha ménds
raised, but the mineral is only worked now and then when a quantity is ordered by the
mahéjans who deal in it. Before commencing operations a kid is sacrificed to Devf, to insure
good fortune, and protection from accident; fires are lighted against the large masses into
which the corundum is divided by jointing, and when they have been rendered somewhat
more brittle by this means, they are gradually smashed by heaving other pieces at them.
Considering the thickness and length of the bed, it is clear that the supply may be consi-
dered inexhaustible.

I have described the minerals which are associated with the corundum in my previous
note. The only additional species I have observed this year is kyanite, which occurs in a
radiating aggregate of a reddish color. It is a mineral, which as a simple silicate of alumina,
is a natural associate for corundum, and has been similarly met with elsewhere. There are
also small bladed crystals with a bright pearly lustre, much like diaspore, but their small size
and the impossibility of detaching them makes their examination difficult. They may be
kyanite.

Beds of magnetite interlaminated with granular silicious layers are met with not un-

frequently, more noticeably in the crystalline inliers near Koelkat,
Maguetite. also near Gairdr and south of Kadopéni None of these, however,

are as rich in iron as the magnetic band at Korché in Mirzéapir.} Magnetlc sand very

* Vol Vv, P. 20. t VoL V, P, 20, $ Vol v, P 22
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frequently accompanies other arenaceous materials in the beds of watercourses, n some cases
probably in sufficient abundance to repay collection by the native iron-smelters. The differ-
ence in specific gravity causes a natural separation of the ferruginous and silicious grains,
80 that the former could be collected with only a moderate percentage of foreign matter,
which could be almost wholly eliminated by washing. As far as I am aware however, no
attempt is made to utilize this rich detrital ore, while a few miles to the north, the vastly
inferior ferruginous beds of the Barikar sandstones are laid under contribution.

ERRATA IN PREVIOUS NOTE, (Vor. V, racr 18).

Page 18, line 8, from bottom, for Hematite read Tremolite.

w 2, » 3 » 84y » VAary.

P I ) 12) ” chrysolite ”» chrysotile.
w w 3 b, from bottom,, and » to finely.
”» 213 ”» 21, 9 OF in any » OF any.

» 22, » 4 s starry » strong.

” ” ” 5, » f&ns ” fnses.

» » » 11, » white ” rutile.

DONATIONS TO THE MUSEUM.

JaNUARY 238D.—CoLONEL J. 8TEVENSON, Deputy Commissioner of Akyab.—An ancient
) stone implement of Akyab district.
FeBRUARY 26TH.—F. R. MALLET.—A specimen of arsenious acid from Orissa, (artificial).
» 28tH.—MaJor MoNTGOMERIR.—A few nummulitic fossils from north-east of

Lassa, Thibet.

MagcH 31st.—H. Woopwagp, Esq., ». 6. 8.—Two casts (upper and under surface) of
Eophrynus (Curculioides) Prestvicii from coal-measures clay iron
stone, Dudley, (Geol. Mag., 1871, Vol. VIII, pl. XI).

ACCESSIONS TO THE LIBRARY.

Frox 18T JANUARY TOo 31sT MamcH 1873.

Titles of Books. Donors.
BgELL, J., LowsHIAN.—Chemical phenomena of iron smelting, (1872), 8vo., London.
BgeziNa, AisTIDES.—Entwickelung der Hauptsitze der Krystallographie und Krystail-

physik, (1872), 8vo., Wien. '
THE VIENNA INSTITUTE.
Browy, RicHARD.—The coal-fields and coal trade of the Island of Cape Breton, (1871),
8vo., London.
FraveNFELD, G. R. VoN.—Die Grundlagen des Vogelschutzgesetzes, (1871), 8vo., Wien.
GioepaNo, F.—Esame Geologico della Catena Alpina del san Gottardo, (1872), 4to., Firenze.
THE AUTHOR.
KunsTLER, GUsTAV.—Die unseren Kulturpflanzen Schidlichen Insekten, (1871), 8vo., Wien.

NicnorsoN, H. ALLEYNE.—Monograph of the British Graptolitidee, Part I, (1872), 8vo.,
London.
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Titles of Books. Donors.

Nowickr, De. Max.—Ukeber die Weizenverwiisterin Chloropsteeniopus Meig., (1871), 8vo.,
Wien.

8cEraUR, DR.~Ueber die Kupferlasur von Nertschinsk nach Handstiicken des k. k. Mine-
ralogischen Museums, (1871), 8vo., Wien.

THE VIENFA INSTITUTE.
PERIODICALS.

American Journal of Science and Arts, 3rd Series, Vol. IV, No. 24, Vol. X, No. 25,
(1872-73), 8vo., New Haven.
Annales des Mines, 7th Ser., Vol. I, liv. 4, (1872), 8vo., Paris.
L’ApMINISTR. DES MINES.
Annals and Magazine of Natural History, 4th Series, Vol. X, Nos, 57, 58, and 60-62, (1872),
8vo., London.
BrocaMaNN, H.—Bibliotheca Indica, New Series, No. 264, Afn-f-Akbari, Fase. XV, (1872),
4to., Calcutta.
GOVERNMENT oF INDIA.

Geological Magazine, Vols. IX, No. 12, and X, Nos. 1, 2, (1872-73), 8vo., London.
‘Geological Survey of Canada. Report of Progress for 1870-71, (1872), 8vo., Ottawa.

THE SURVEY.

HaxniLrY, SYLvaNUS, AND THEOBALD, Wu.—Conchologia Indica, Part V, (1872), 4to., London.
Indian Economist, with Agricultural Gazette and Statistical Reporter, IV, Nos. 5 to 7,
(1872), 4to., Bombay.
GOVERNMENT OF INDIA.
London, Edinburgh, and Dublin Philosophical Magazine and Journal of Science, 4th Ser.,
Vol. XLIV, Nos. 2956 & 296, Vol. XLV, Nos. 297 & 298,
(1872-73), 8vo., London.
Neues Jahrbuch fiir Mineralogie, Geologie, und Palmontologie, Jahrgang, 1872, heft 7-9,
(1872), 8vo., Stuttgart.
PereeMANN, DB. A.—Geographische Mittheilungen, Band XVIII, Nos. 11 and 12, (1872),
4to., Gotha.
Professional Papers on Indian Engineering, 2nd Series, Vol. II, No. 7, (1873), 8vo.,
Roorkee. .
THOMAS0ON COLLEGE, ROORKEE.
The Roorkee Treatise on Civil Engineering in India, Vol. I, (1873), 8vo., Roorkee.
THoMAS0N COLLEGE, ROORKEE.
The Zoological Record for 1870, Vol. VII, (1871), 8vo., London.
TscHERMAK, GUSTAV.—Mineralogische Mittheilungen, Jahrg. 1871, heft 1—2, J ahrg., 1872,
heft 1—3, (1871-72), 8vo., Wien.
TrE VIENNA INSTITUTE.

GOVERNMENT SELECTIONS, &c.
BeNeaL.—Report on the Administration of Bengal for the year 1871-72, with map of
Bengal in case, (1872), 8vo., Calcutta.
GOVERNMENT OF BENGAL.
‘Brirism BueMa.—British Burma, General Department (Miscellaneous). Administration
Report for 1871-72, (1873), 8vo., Rangoon.
Cuigr CoMMISSIONER, BriTisSH BURMA.
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Titles of Books. Donors.
.Coora.—Report on the Administration of Coorg for the year 1871.72, (1873), 8vo.,
Bangalore.
GovERNMENT OF CoORG.

IND1A.—List of Officers in the Survey and Forest Departments and in Port Blair on the
1st October 1872, (1873), flsc., Calcutta.
GOVERNMENT OF INDIA.

»  MoNTGOMERIE, T. G.—General Report on the Operations of the Great Trigono-
metrical Survey of India during 1871-72, (1872), flsc., Dehra

Doon.
Depr. Agric.,, REv., AND COMMERCE.

o Selections from the Records of the Government of India, Foreign Department,
No. 101. Report on the various Arab tribes in the neighbour-
hood of Aden, having treaty relations with the Government of
India, by Major General C. W. Tremenhure, (1872), 8vo.,

Calcutta.
GOVERNMENT OF INDIA.

Mapras.—Report on the Administration of the Madras Presidency during 1871-72, (1872),
8vo., Madras.
GOVEERNMENT OF MADRas.
Selections from the Records of the Madras Government, No. XXXII. Papers
relating to the survey and settlement of the Central and Eastern
Deltas, and the Upper Talooks of the Godavery District, (1872),
8vo., Madras.

1
Mysore.—Report on the Administration of Mysore for the year 1871-72, (1872), 8vo,
Bangalore.

”

GOVERNMENT OF MaDRAS.

MysorE GOVERNMENT.

NorTH-WESTERN PROVIKCES.—Report on the Administration of the North-Western Pro-
vinces for 1871-72, (1873), 8vo., Allahabad.

GovERNMENT OF N.-W. ProviNCEs.

TRANSACTIONS, &c.

BlnLIN.—Honatsbericht der k. Preuss. Akad. der Wissenschaften zu Berlin, August, (1872),
8vo., Berlin.
, Roy. Acap. oF ScIENCE, BERLIN.
Cancurra.—Journal of the Asiatic Society of Bengal, New Ser., Vol. XLI, part I,
Nos. 3—4, (1872), 8vo., Calcutta.
THE SocIETY.
” Proceedings of the Asiatic Society of Bengal, No. X, (1872), & 1, (1873), 8vo.,
Calcutta.
THE SOCIETY.
CaMBRIDGE Mass.—Bulletin of the Museum of Comparative Zodlogy at Harvard College,
Cambridge Mass, Vol. 1II, No. I. Report on the Brachiopoda,
by W. H. Dall, (1871), 8vo., Cambridge Mass.
Museuy, Comp. ZoOLOGY.
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Titles of Books. Donors.
Frorexce.—Bollettino R. Comitato Geologico d’ Italia, Nos. 11—12, (1872), 8vo., Florence.
GEoL. SocIETY OF ITALY.
” Memorie per servire alla descrizione della carta Geologica d’ Italia, Vol. II,
part 1, (1873), 4to., Florence.
GEoL. Sociery oF ITaLy.
LausaNNR.—Bulletin de 1a Société Vandoise desSciences Naturelles, 2nd Ser., Vol. XI,
No. 68, (1873), 8vo., Lausanne.
TrE SocIETY.
LoxpoN.—British Museum. WaALKER, F.—Catalogue of the specimens of Hemiptera
Heteroptera in the collection of the British Museum, part V,
(1872), 8vo., London.
BarrisE Musgun.
” British Museum. GraAy, JoEN Epwarp.—Catalogue of Shield Reptiles in the
collection of the British Museum, part II. Emydosaurians,
Rhynchocephalia and Amphisbanians, (1872), 4to., London.
Brimise MusEuM.
” British Museum. G=aY, JoEHN EpwarD.—Appendix to the Catalogue of Shield
Reptiles in the collection of the British Museum, part I,
Testudinata (Tortoises), (1872), 4to., London.
BritisH MusguM.
” Transactions of the International Congress of Prehistoric Archmology, (1869),
8vo., London.
R. Bruck FootE, Esq.
SaLEM.—Proceedings and communications of the Essex Institute, Vol. VI, part 3,
(1868—71), 8vo., Salem.
Essex INSTITUTE.
WaisHIKGTON.—Annual Report of the Board of Regents of the Smithsonian Institute for
1870, (1871), 8vo., Washington.
SMITHSONIAN INSTITUTE.
» Report of the Commissioners of Agriculture for 1870 & 1871, (1871 &
1872), 8vo., Washington.
DEpr. Agric., U. S. AMERICA.
WieN.—Verhandlungen der k. k. Zoologischen, Botanischen Gesellschaft in Wien, Band
XXI, (1871), 8vo., Wien.
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Notes on a Cerr found by Mr. HACKET in the 0SS8IFEROUS DEPOSITS ¢f the NaRBADA
VaLLEY (PLIOCENE of FALCONER) : on the AGE of the deposits, by Me. H. B. MEDLICOTT ;
on the associated sHELLS, by MB. W. THEOBALD.

The celt is formed of Vindhyan quartzite, such as might be procured at any point along
the northern edge of the valley; it is of the pointed oval shape, 6" X 3”3, of very symme-
trical outline (see figure) ; and, although rather roughly chipped on the faces, it is unques-
tionably a manufactured article. Mr. Hacket dug it out himself from where he found it
lying flat, and two-thirds buried, in a steep face of the stiff, reddish, mottled, unstratified clay,
about six feet above low water level, and about three feet below the upper surface of the
clay, upon which there rested about twenty feet of the gravel with bones. From the edge of
the cliff of gravel, there is a steep slope passing up through the ravine ground, so common
along the border of the main river channels, to the general level of the plains, at 90 to 100
feet above the level of the Narbadd. The locality is on the left bank of the Narbad4, near
the village of Bhutra, eight miles due north of Gadarwara.

The age of the ossiferous deposits—In bringing forward an authentic specimen of
human manufacture from the ossiferous deposits of the Narbad4 valley, some expression of
opinion will be expected from geologists in India regarding the age of those well-known beds ;
the more so because a name has been already applied to them by a high authority, implying
an age very much more remote than that of any human remains as yet found in other coun-
tries. In all questions relating to the determination of vertebrate fossils, Dr. Falconer’s
judgment carries great weight. In India he has not as yet had a competitor in this line of
research ; and even in Europe he took a leading part in the same studies, connected with the
inquiry into the antiquity of man. He determined a number of fossil bones from the Nar-
badé deposits, and invariably spoke of them as pliocene.

In 1868, the Superintendent of the Geological Survey described in these Records (Vol. I,
p- 65,) an agate flake, or knife, found by Mr. Wynne in the ossiferous clays of the Godivarf
valley, which he affiliated to like deposits in other parts of India. In this connection Fal-
coner’s views were quoted at length by Dr. Oldham in a tone of high approval, without any
expression of dissent or of question as to the matter of age; and thus at least a tacit assent
and & fresh lease of life was given to the opinion that thege deposits belong to the pliocene
age of geologists, the name being used by both authors in the confident expectation that
these deposits would yield evidence of man’s existence. I do not pretend that the question
of age can be finally settled now ; but it is important to point out that the opinion quoted is
not well founded.
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For those who are not posted up in such matters, it is well to point out the considerable
historical license that is taken in this application of the name pliocene. In the accepted
geological nomenclature the tertiary formations end with the newer pliocene. Although the
post-tertiary period is as nothing compared with the preceding geological ages, it still
represents a great lapse of time, for an estimate of which we are entirely dependent wpon
geological evidence. After passing the recent, or prehistoric, period, in which all the animals
are of existing species, we get into the post-pliocene, or pleistocene, period, in which a
variable proportion of the mammalian remains are of extinct species; and according to the
distribution of these extinct mammalia, the deposits are arranged into late, middle, and early
pleistocene. Nearly all the old river-gravels and cave-deposits with the human remains,
about which so much has been published in the last few years, belong to the late pleistocene,
or, as it is sometimes called, the quaternary period ; this name being sometimes also used as
equivalent to the whole pleistocene, and preferably so in my opinion, as distinctly marking
its post-tertiary date. Thus it may be said roughly that the oldest human remains in Europe
only take us about half-way back in that post-tertiary time. Almost the whole of the
glacial period,—during which England was in great part submerged, and the glaciers of the
Alps filled the great valley of Switzerland to high up on the flanks of . the Jura,—intervenes
between those ossiferous valley-gravels and the newer pliocere, or even the early pleistocene.
Some supposed evidence of human remains has been brought forward from pliocene strata in
England, and even from miocene beds in France, in the. form of perforated shells, scratched
and split bones, and very rudely-chipped stones; but the correctness of these interpretations
has been denied by competent and quite unprejudiced judges.®* It may, therefore, be said
that from the stand-point of existing information, the genuineness of human remains from
pliocene strata, or the true pliocene age of strata containing human remains, would call for
particular proof; or, not to disguise the point, supposing (as seems almost probable) man to
be an exalted chimpanzee, it is quite an open question whether the change may not have
occurred in post-tertiary times—so little positive is still our knowledge of geologic time
and of the method of organic evolution.

Even some geologists seem to need to be reminded that the tertiary period and its
sub-divisions are based upon the testacea only, upon the proportion of living to extinct
species of fossil shells, not of fossil remains in general. The fitness of this limitation was
guaranteed in the first instance by the judgment of its distinguished author; and it has
been justified by the universal adoption of the classification based upon it. It is with no
small astonishment, therefore, that we hear of the grounds given by Falconer for calling the
older deposits of the Indian rivers pliocene. After telling us (Pal. Mem., Vol. II, p. 644),
on the authority of the Geological Survey, that the shells are all of existing forms, although
in somewhat different proportions to those now inhabiting the Narbadé valley, he adds -—
“In designating the formation as pliocene, which I have done during many years, I have
been guided by the indications of the mammalian fauna, as intermediate between the
miocene of the Irrawadi, Perim Island, and the Sivalik hills, and that of the existing
period.” That is, he takes upon himself to use the word pliocene in a sense quite foreign
to that in universal use. The difference noticed here in the relative strength of the molluscan
species in the living and the fossil stages is nothing like so great as that in the post-pliocene
deposits of Europe. For the living relations of some of the species, even in the late pleisto-
cene deposits of England, one has to go to the Mediterranean or to sub-arctic waters. The
whole ground of Falconer’s position is placed upon the mammalian fauna. The act is thus
either a deliberate attempt to revolutionise the meaning of part of our best established
geological nomenclature, or else the word pliocene is applied in a more abstract sense, im-

* Opinion may be reserved at present upon the miocene age of Mr, Calvert's fossil drawings.
.
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plying that these deposits in India belong to the age of the pliocene of Europe. Falconer
cannot be acquitted of the grave error involved in the former position; and one scarcely
knows whether the error is aggravated. or palliated by the fact that his judgment was here
influenced by his temper. It is painfully evident in his later writings that he took a pleasure
in ignoring and crossing the authority of Sir Charles Lyell. It was not only to Indian
deposits that Falconer applied his independent criterion of classification : upon the evidence
of the fossil mammalia he designated the well-known pre-glacial forest-bed of Norfolk
as pliocene, in defiance of established usage (loc. cit., Vol. IT, pp. 190, 686). One need hardly
say that his attempt has been by common consent ignored. In a very recent note upon
the classification’ of the pleistocene deposits, Dr. Boyd Dawkins points out the very marked
difference even of the mammalia of the forest-bed from that of the pliocene (Am. Jour.,
April 1873). :

The hint thus given to geologists in India is a very strong one; and the matter would
scarcely have been worth notice but for the apparent sanction recently given to Falconer’s
words. We are in a manner bound to reject Falconer’s criterion as such; and it only
remains to be seen whether in some non-regulation sense the Narbadd deposits, and with
them the old alluvium of the Gangetic plains, can be of pliocene age. It is of course
conceivable, albeit in contravention of the harmonies of nature so far as kmown, that the
mammalian fauna might be very strongly in favor of the position taken up by Falconer.
Although the fossil shells all belong to species now living in the meighbourhood, the mamma-
lian forms might (at least in argumment) be of such antique types as to bear down the
standard of the shells. Nothing of the kind, however, is the case. Falconer repeatedly
insists, on the one hand, upon the perfect distinctness of the Narbada fauna from that of
the Sivaliks, and on the other hand, upon its strong affinity to living forms. He speaks of the
Narbadd fossils as “in time only a little ahead of existing species” (op. cit., Vol. I, p. 21).
He nowhere says that the Narbadd fossils are in any specific sense pliocene; but only, with-
out any attempt at precision, that he calls the deposits pliocene because the mammalian
fauna is intermediate between the miocene of the Sivaliks and that of the existing period.
Itis a great testimony to the authority of Falconer’s name that an innovating opinion,
without even an attempt at defence, should have met with any consideration. I do not,
indeed, presume that Falconer’s statement of age has ever received much countenance from
students in Europe or elsewhere; but since an apparent approval of it has been issued by a
high authority in India, it is well, on so fitting an occasion as the present, to examine the
merits of the case.

As regards fossil man in India, Falconer’s speculations were based a good deal mpon
biological assumption and geological misconceptions. It is not quite certain that 4 priori
the oldest marks of intelligence that can be called human are to be looked for, as Falconer
tells us, “in the great alluvial valleys of tropical or sub-tropical rivers.” If the analogy of
historical times may be taken into account, it would not be under conditions favorable to
nakedness and laziness that we should expect contrivance to be born. We may indeed
find the most monstrous form of the ape in the deposits of tropical regions; but it may
be quite possible we should look for the earliest trace of humanity in the regions now
most favourable to its development.

Mixed up with Falconer’s mythical, biological and physico-geographical speculation upon
the cradle of the human racé in India, there is frequent very vague mention of geological
conditions ; and here we come upon his weak point. It is an excellent example of a
confusion very commonly made—showing how a man may be in the first ranks as'a
palzontologist, and in that sense a geologist, and yet possibly be a very poor geologist
in the stricter and primary sense of the word. Although Falconer’s clear instinct
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of observation led him to the broad conclusion that the Sivalik strata were formed of
débris conveyed through the existing river-channels (op. cit., Vol. I, p. 8), and deposited
along the base of the mountains, it may almost be said that he never made a geological
observation in any particular sense of the action. The most amazing instance of this ap-
pears in the explanation he gives of the absence of lakes along the base of the Himalaya,
as compared with the Alps. He tells us (op. cit., Vol. II, p. 650,) that for ten or twelve
years he puzzled over this problem on the ground; yet he accounts for the absence of lakes
along the base of the Himalaya by there never having been glaciers to prevent the silting
up of the basins. The absence of the basins themselves scems never to have occurred
to him, although all the Himalayan rivers are rock-borne torrents in the region of the
missing lakes.®

As more directly bearing upon the point before us, it would seem that, in the absence of
guch conspicuous evidence as the marine boulder-drift of Europe, separating the ossiferous
valley-deposits from all the tertiary formations, Falconer failed to observe the very marked
stratigraphical features that do occur. He speaks of there being no break visible in the
tranquil succession of deposits; that “the present physical order of things, modified only
by alterations of level, by upheavement and depression, could be traced back in an un-
broken chain to the ossiferous strata of the valley of the Narbad4 and of the Sivalik hills”
(op. cit,, Vol. II, p. 676, and Quar. Jour. Geol. Soc., London, Vol. XXI, 1865, p. 386) ;
he constantly speaks of the Sivalik hills as “an upheaved portion of the plains of India.”
All this is exceedingly inaccurate and misleading. I have added many proofs to at least omne
point of Falconer’s description, that of the distinct connection of the Sivalik deposits with the
present local mountain-features ; but the most cursory examination reveals to the geologist
great gaps in the series of deposits. At Hardwar, a place well known to Falconer, the
old alluvial clay of the plains is found resting upon a deeply denuded surface of vertical
topmost Sivalik strata. The relation is stratigraphically similar, and probably nearly his-
torically corresponding, to that of Loess of the Rhine to the Molasse of Switzerland. There
is full evidence, too, that the glacial period was sensibly felt in these regions: in the Kangra
valley, where a range of considerable elevation ( the Dhaoladhar) occurs close to the edge of
the low hills, I found unquestionable glacial erratics scattered over a surface of the Sivalik
formations, at a present elevation of 3,000 feet above the sea (Mem. Geol. Sur., India,
Vol. IIL, p. 166). I do not doubt that if we could fetch up a meridional slice of the
Gangetic plains, we should find deposits representing the whole interval indicated; and it
is not improbable that the series may yet be picked out from oatcrops in different parts of
India. What I want to show is that the two terms of the series we now have hold of—the
old Gangetic alluvium and the Sivaliks—are very wide apart; and so, that the Sivaliks
being older pliocene or upper miocene, the other may be ever so recent.

If we make any attempt to gauge the age of the old alluvium from the other side,
we are led pretty much to the same result. All purely geological computations are
estimates of work done; and we have the immense advantage of knowing that the
operatives never idle, or never even take rest. The final appeal for the antiquity of the
human remains in the valley-gravels and cave-deposits of Europe is not to the little-known
laws and conditions regulating the extinction of species, but to the mechanical work done
in altering the features of the country, in excavating wide valleys, or in laying out broad
plains subsequent to the date of those remains. It is quite true that the result here, too,
is only an approximation within wide limits ; that the independent variables of the problem,

* It puzzled me to think upon whose observation 8ir Charles Lyell could bhave adopted such a view as this,
ag stated in his “Antiquity of Man’ (p. 319). The puzzlc is now cleared up. If 8ir Charles, as Falconer supposed,
annexed information without acknowledgment, he did not always gain by the transaction.
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while largely affecting the result, can only be indirectly conjectured. For instance, a change
of levels would greatly affect the eroding and depositing power of rivers; or a change
of climate and of rainfall, with perhaps the addition of severe frost, would have a like dis-
turbing effect upon the work done, without our being able to assign the amount of those
by-gone conditions. But taken all in all, reliable indications, and comparative, if not actual,
measurement can be made.

The Narbadé valley, meaning that broad area of the river's course from where it
leaves its gorge in the trappean plateau of Mandla near Jabalpir, to where it enters its
narrow gorge through the Vindhyan quartzites below Hosungabid, is about as unfavorable
a case as one could select to exhibit symptoms of change. It is a rock-basin, a valley
excavated chiefly, if not entirely, in crystalline and slaty metamorphic rocks, between two
plateaus of little-disturbed sandstone-formations, the Vindhyan on the north and the
Mahadéva on the south, and converted into a rock-basin by some oscillation of level. It
would seem that the change was not rapid enough to produce a lake, for in all the sections
now exposed coarse gravels occur. As soon as this basin had received the charge of deposits
due to this change of level, and supposing no further earth-movement to occur, the change
of features to what we now find would depend upon the eroding power of the river to
lower the rim of the rock-basin, and thus gradually to bring under denudation the deposits
it had so lately laid down. If then we could fix the maximum thickness attained by the
deposits, and also the rate at which the river can lower its gorge of discharge, we could
assign something like actual dates for the successive phases both of denudation and of
deposition, on this supposition of normal cenditions, without interference of crust move-
ments or other occasional forces. The process is now going on. The river at least cuts faster
than plavial denudation can work in lowering the general surface, for its bed is now
some 80 to 100 feet below the level of the adjoining plains. There is nothing to suggest
that the depth of the valley-deposits ever much exceeded what we now find. The plains
deposits never extended into the valleys of the Satpiri, some of the minor streams from
which are still accumulating materials upon the deposits of the main valley. There are
nowhere any signs of high-level deposits, along the borders of the basin, whether remnants
of a former phase of denudation of the actual valley-formation, or (like the ossiferous gra-
vels of Northern Europe) remnants of deposits formed in a more ancient shallower rock-
valley. The ossiferous beds of the Narbads seem to be simply a member of the last and
only valley-deposits, which have now for a long period been undergoing denudation. But
I know of nothing to suggest that the change from deposition to erosion supervened at a
time much prior to the ¢ recent’ of the geological scale.

The only debateable stratigraphical point upon which a stand might be made, is
whether unconformity occurs, indicating a general and possibly a great interruption of
deposition between the ossiferous beds exposed at or near the present level of the river

..channels and those above them. I have examined many sections with a view to testing this
supposition, but I have failed to confirm it. One often finds local unconformity—coarse
gravel upon a weathered surface of stiff clay; but these are mo more than must occur in
the normal process of formation of river deposits; and most frequently it is impossible to
detect any break in the section. The fossils, moreover, occur largely in the gravels above this
supposed unconformity, without any sufficient grounds for supposing them to have been
washed out of the clays. Thus, then, there is nothing like a corresponding amount of
evidence for work done here since the age of these bones, as there is in Europe for work
done since the formation of the oesiferous gravels and cave-deposits ; although the permanent
staff of operatives is much more powerful in the former case. Every season there occurs in
the Narbads a rise of from 40 to 70 feet, with a stream of great force. It is, as I have
said, impossible to make an exact comparison, on account of the undetected influcnces that
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may have been at work on either side to accelerate or to retard. I only wish to point out
that there is no presumption, either palmontological or mechanical, that these Narbada deposits
are older than the late Pleistocene.

If we turn to the great Gangetic valley, the old alluvium of which Falconer ranked
with the Narbad4 beds, the physical arguments lead us to a like conclusion. Here we have
not to deal with a rock-basin; and the conditions are more appreciable. In the upper part
of its course the Ganges cuts a broad abrupt valley, 60 to 100 feet below the level of the
adjoining plains. In the lower region of the plains the denudation has taken a wider
sweep ; the old alluvium has for the most part been removed, isolated remnants of it only
being found; and those, at least towards the modern delta, are being enveloped in the
encroaching deposit of its alluvium. On the whole, the features of denudation in the Ganges
valley seem to imply that this action was brought about by the subsidence of a former
delta of greater extent than the present one, not by an elevation of the mountain region.
Along the upper edge of the plains, the minor mountain-streams are still massing deposits
continuously over the old alluvium ; and in some of these recent torrential accumulations a
fossil Hindd village has been dug out. If we now turn to our comparisons, it is evident
that the signs of change andof work done here are nothing like so great as that recorded
of the Rhine and the Danube in their valleys within post glacial times. Or absolutely,
even stretching to the utmost the legitimate assumption of comparative stability of condi-
tions in India, we cun hardly reduce our estimate of the necessary duty of such a river as
the Ganges, during the period allowed by a minimum computation for the lapse of time
since the glacial period of Europe, to the amount of work I have indicated. So that here
again the opinion obtrudes itself, that these old ossiferous alluvial deposits are not more
ancient than the late Pleistocene. -

From the description given of the implement-bearing lateritic gravels of Southern India
by my colleague Mr. R. Bruce Foote (Quar. Jour., Geol. Soc., London, Vol. XXIV, p. 484,
1868, and Mem. Geol. Surv., India, Vol. X, 1872), I should think they may be as old as the
Narbadé gravels.

July, 1873,

H. B. MEDLICOTT.

The shells of the ossiferous deposits.—The shells Mr. Hacket has placed in my hands
for determination are all of them species, known to occur in the ossiferous gravels of the
Narbada, a list of which is contained in the Memoirs of the Geological Survey of India,
Vol. II, page 284. They are all of them in the mineral condition observable in the shells
from these ossiferous beds, and some of them are embedded in the ordinary matrix of many
of the fossils of the group, a gravel strongly cemented by lime.

The most numerous and characteristic shells are Uniones, of precisely the same species
and varieties a8 those now living on the spot, and it may be incidentally added, that no
molluscous species is known to be included in these ossiferous beds which is not now living
in the valley, though many species now living, have not as yet been detected in the gravels,
which is a fact not without interest when the revolution is considered which has been
wrought among the vertebrata since the days of the Hexaprotodon and Tetraprotodon,
which, with numerous other pachyderms, proboscidians, and ruminants, then roamed over
Central India, and disputed with man for mastery in the primeval world.

Associated with the Uniones, occur also Bulimus pullus, Gray; Melania tuberculata,
Miill.; Planorbis convexiusculus, B.; Lymnwxa acuminata, Lam. (?); and a Corbicula, pro-
bably Corbicula Cor, Sow.
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Three species of Unio occur in the collection, U. MaRaINALIS, LaM.; U. CERULEUS, LEa;
and U. coBRUGATUS, MULL., which last embraces four distinct races, usually classed as species
by most authors, but which, after some study of the Indian forms of the group, I incline
rather to treat as local and permanent races, thereby reducing within manageable and natural
limits the crowd of shadowy species, with which the literature of the group is burdened.

U. MARGINALIS, Lam.

This species is not ancommon, but is not so finely developed in proportion, in the ossi-
ferous gravels, as the others, neither does it seem to occur quite so well preserved, nor to
obtain the same weight of valves as in the other species, in which respect it simply agrees
with the same species now living, which never displays any considerable thickening or
calcification, under any conditions, however favorable. A perfect example, not fully grown,

measures—
Breadth - - 67
* Length .. . 29 } Mills.
Thickness . . 19

Allowing for slightly broken edges in the fossil, these proportions closely accord with the
living shell which I give from Manbhoom—

Breadth - vee . 61
Length o, ... 31 ) Mills.
Thickness - o .. 18

A second specimen from these beds, which may be considered fully adult, measures 93
mills by 43.
U. cErULEUS, Lea.

This species attains to a superb development in the ossiferous gravels, and merits nomi-
nal recognition, since it does not quite correspond with any variety hitherto separated. It
may stand as var. Namadicus, Theob.

Two perfect examples measure respectively—

a. b.
Breadth 56 46
Length 31 24} Mills.
Thickness . 23 17

A precisely similar form is now living in the Narbadi, and differs less, from the type of
the species, than some other races in other parts of India do. It agrees generally in the
form of the teeth, in ‘shape, color, and sculpture, save that each character is heightened in the
Narbad# form. The lateral teeth often display a carneous tinge, and the sculpture of the
valves is not only stronger than in the type, but covers a far greater area, both on the valves
and their posterior slope. A very similar form, though departing more from the type as
regards shape, inhabits the Kistnd valley, where it attains a breadth of 60 mills—(the type
measuring only 43).
U. corruGaTUs, Mill.

It is a great pity that the type of that species of Unio, which seems to unite the greatest
number of races in India, should be so ill characterised, difficult of identification, and appa-
rently, with a good series under view, so aberrant from the more strongly marked forms,
which strict zoological argument requires should be united to it. On this subject I would

* Length is measured at right angles to a line tangential to the ventral margin.
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refer to Mr. Blanford’s contributions to Indian Malacology in the Journal As. Soc.,
Bengal, for 1866, page 134, which contain a highly useful and condensed paradigm of
our Indian Uniones.

Mr. Blanford is undoubtedly correct in saying that “both Lamarck's and Chemnitz’s
types (of Corrugatus) are quite distinct from Benson’s U. favidens, which has been confounded
with them,” but with a very large series before me, I consider that this distinction is a
racial one, not a specific one.

If the rules of priority would have permitted it, I should have preferred, as the more
natural course, to have taken Benson’s U. favidens as the type of that species round which
so many races or sub-species cluster; but as this cannot be, U. favidens must stand as a
race perfectly separable, but still only a race of the wretched, ill-nourished U. corrugatus,
Miill,, for the’epithet  fenera " applied to any of the forms of this robust species, stamps it
as an abnormal individual, impoverished by unfavorable local conditions, and subjected to
deficient or imperfect alimentation.

That the utmost diversity exists between the races which I unite under U. corrugatus
may well be, since without pretending to anything like a complete knowledge of all the
forms of this species throughout its entire Indian range, there must still be admitted sixteen
separable races, exhibiting very variable degrees of difference from each other; even after
excluding U. l@virostris of Benson as a synonym of U. Nagporensis, Lea, and uniting
Nagporensis, Lea, with Wynegungensis, Lea, with which it is essentially identical, or too
trivially distinct to be separated, judging from a large series of both forms.

U. corrugaTus, Mill.

1. Var. triembolus, B.

This form occurs very fine, both living and fossil, in the Narbadé.

A fossil specimen measures—

Breadth . ... 66
Length M}Mills.
Thickness . . 26

and I have no living specimen which quite attains these dimensions.

2. Var. Wynegungensis, Lea.

A stout trigonal and elongate form, which approaches the U. levirostris, B., scems
equally common with the last, and passes into it.

A fossil specimen measures— )
Breadth - .. 73
Length . 39 }Mills.
Thickness - e 27

And in this case also I have no living specimen which equals these dimensions, my largest
specimen of this type from the Kistnd only reaching 60 mills.
3. Var. Indica, Sow.
This well marked form occurs both living and fossil; ome of the last collected by
Mr. Hacket measuring—
Breadth . 30
Length - o 27 } Mills,
Thickness - - 19
This is not a large race, as a fine recent specimen from the Narbadi only measures
41, 34, 21 mills. It is mainly confined to the Narbadé, though I have it also recorded
from Rajpiitana.
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4 Cormgatns, Mill.

The preceding forms pass into one, which in the young state closely approaches the
type, save that it is a stouter shell

There is, moreover, no fixity as regards the sculpture on the valves, so far as the extent
covered by it, still the general facies is that of the type, which, according to Mr. Blanford,
would seem more common in Southern India than in the Gangetic* basin. A fossil specimen

measured—
Breadth . 27
Length - . 20} Mills.
Thickness w12
July, 1873. ) W. THEOBALD.

Nore oN THE BaRARARS (COAL-MEASURES) IN THE BEDDADANOLE FIELD, GODAVAR{
District, by WiLLiaM KiNa, B. A., Depuly Superintendent, Geological Survey
of India.

The question as to the existence of coal in the GodAvari District, and indeed in the
Madras Presidency—for the area under consideration is the only known one of coal-bearing
rocks in the British territory to the south of the Godavarf river—is still as full of obscurity
as it was when I drew attention to the Beddadanole field last year. I have had, during
this season, another opportunity of examining the ground most closely, but without success ;
and this search was so close that it does not seem possible that any outcrop of coal will
ever be found by surface searching. Any further exploration must, therefore, be made by
boring, and I am not without hope that coal may then be found.

2. The most important point, and in fact the only tangible one to be relied on, is that
the rocks of the Beddadanole area are Bardkars; that is, they belong to the lower member
of the DamGDA SERIES, or the coal-bearing rocks of India. It is true that no seam of
coal is visible, but this does not at all necessarily imply the non-existence of coal.

3. To try and show that coal may exist in this field, I shall compare it with other
adjacent fields, viz., that to the north-west, on the Godévari below Badrachellum; and the
Singareny coal-field to the westward, in the Nizam's dominions. In the first of these,
though it was reported by Colonel Haig to Mr. W. T. Blanford that coal was said to have
been found down there, no coal was to be found at the place; indeed, the borings afterwards
pat down would seem to show that coal could not occur at the surface. At any rate, the
rocks were seen to be DAMUDAS ; and borings revealed seams of coal. These are, however,
not of much extent on the British side of the river, though they are probably large
enough on the Nizam’s side, as I have since found that an outcrop of possibly the same
beds shows at some twenty-five miles to the south-west.

4. As regards the Singareny coal-field, I can compare it more closely with that of Bed-
dadanole, having likewise again visited it this season, when it is now being thoroughly ex-
amined by Mr. Heenan, the Superintendent in charge of the Nizam’s coal-fields. The only
difference of outward circumstances, as regards the present enquiry, between this and the
Beddadanole field is, that coal did show at the surface in the former, though only in the
most fortuitous way. Otherwise, the series of rocks (Bardkars) in each field are identical

* For the information of Naturalists at home, I may as well add that the Narbadé does not belong to the
Gangetic basin,
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in every way, in their appearance, constitution, and mode of occurrence. There are plenty
of outcrops of rock over this Singareny area where one might expect that seams of coal,
if they existed, might appear at the surface; but such is not the case; there is only the one
large “pot-hole” hollowed out in the low ridge of sandstones in the bed of the river with
the seam of coal showing at the bottom. Nevertheless, since the borings have been put
down by Mr. Heenan, not only has the first found seam been traced in other parts of the
area, but three more have been struck, one above my seam and the others below. So that
here we have a field with at least four seams of coal, the lowest found as yet being a very
thick one, and having its strata o laid down that all these seams ought to crop out at the
surface, whereas only one is just exposed. Outcrops of all the seams do probably exist; but,
as would be likely, owing to the coal being cut into and washed out at these places by the
weather and the streams, they are either now covered up by sand and débris gathered
between the exposures of the harder beds, or are hidden by the settling down of superin-
cumbent strata.

5. This concealment, or washing out of coal outcrops, may equally exist in the Bedda-
danole field, as, it is hardly necessary to state, there are numerous spaces in the nullahs
between the exposed rock masses which are filled in with sand, though, as a general rule, the
sandstones are very well and frequently exposed. Again, the lie or dip of the strata is very
low, on the average about 5° to the westward, and they undulate to some extent; while the .
general surface of the area occupied by the Bardkars is flat; and thus the sandstones
have not been deeply cut into by the streams, so as to show enough of the strata.

6. There is, besides, a physical feature of this area which seems to hold out some hope
that there may be hidden coal. The field is traversed by a river of from 50 to 60 feet
in width, which flows in the direction of, or with the strike of the strata, or along the
outerop, that is, nearly north and south, a course which, viewed with the rest of its route
over the Kdmthi ares, is somewhat exceptional. This course of the river may be due in
part to the existence of a band of softer strata occurring between the sandstones which
show at rare intervals on either side of the river. Indeed, I think there can be no doubt
that there is a band or seam of softer or more easily worn strata covered up by the sandy
bed of the river; or we should have had rock cropping up at places in the channel. Buat
boring alone will tell whether coal seams occur in this soft and denuded bed.

7. The exposed area of Bardkars is, unfortunately, not extensive, being ounly about 5}
square miles. Itis covered up immediately on the western side of the field by the great
series (Kdmthis, of Blanford) of red and brown sandstones, in which there is no coal, con-
stituting the upland country of Asharaopettah (Nizam’s dominions) and Jeelagoomilly, &c.,
(British territory) to the westward. There must, however, be a good spread, equal in area at
least to that exposed, of the Bardkars hading down underneath the Kdmthis. I am led
to expect that this infra Kimthi extension is larger than I originally thought, on account
of the westerly dip and the great thickness (about 300 feet at least) immediately under the
covering edge of the Kdmthis. Also, as we may judge to some extent by the lie of these
last towards Jeelagoomilly, there is a roll up again of the beds towards that village, thus
forming a synclinal or depressed curve of the strata, indicative of an ancient valley, over
part of which the Beddadanole Bardkars were deposited. This same valley beneath the
Kdmthis appears to have opened out south-eastwards, leading to the inference that if the
Bardkars do extend any distance underneath, they would lie down this valley, rather than
up or across it, and 8o be still in the British territory.

8 A.n indication of the possibly large extension of the Bardkars underneath the
Kamthis is shov.vn some miles to the north-west; for, as already stated, I have lately
found what certainly appear to be Bardkars cropping out on the western edge of the great
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Ellore-to-Badrachellum spread of Kdmthis at a point some twenty-five miles south-west of
the coal-field below Badrachellum,'and which may be an extension of that field.

9. To summarise, I think it may be concluded—

1st.—That there is a likelihood of coal from the fact that the sandstones of Beddadanole
are of the Bardkar group.

2nd.—That there is some slight reason for suspecting that the Beddadanole river bed
conceals coal outcrops.

8rd.—There is every expectation of the area, exposed and hidden, of the Bardkars
being at least ten square miles in extent, if not a great deal more, and that it lies in the
British territory.

So that, should it be decided to try the field by boring, and I would most earnestly
recommend this proceeding on account of the above three conclusions, though they be laden
with conjecture, the crucial bore holes ought to be put down near the right or western bank
of the stream, where they will run to a depth of over 200 feet before the coal-bearing
strata are pierced. One bore-hole at about half-way down the course of the river within
the field would be almost sure to strike coal if there be any in the field ; though, even if
this failed, another might be struck down about three-quarters of a mile further west, as
the first bore-hole would only have pierced about half the thickness of the exposed field.

Details as to the character of the rocks, their lie, and the size and position of the field
have been already given in the Records of the Geological Burvey of Indis, Vol. V,
part 4, 1872,

CaMp, GopAvagrf DISTBIC‘I‘,} WILLIAM KING.
April 18th, 1873.

Notes rRou o PR0GREss REPORT ON THE GEOLOGY OF PARTS oF THR UPPER PoNiaB, by
A. B. WYNNE, F. 6. 8., Geological Survey of India.

The first two seasons during which the operations of the Geological Survey were extend-
ed to the Punjab having been devoted to the examination of the Salt-Range, the following
one was, by order, chiefly spent in rapidly reconnoitering the country surrounding the upper
plains of the Punjab, both on this side and, as far as possible, trans-Indus, in order to obtain
a preliminary general knowledge of the complex geological features presented.

At its close lines of observation were carried through the Hazara district, and a closer
examination was made of the Sir Ban mountain region, close to Abbottabdd, which was found
to afford an epitome of much of the geology of the Upper Punjab (see Memoirs Geological
Survey, Vol. IX, Art. 3.)

At the commencement, of the succeeding season, that of 1872-73, the detailed working
of the one-inch maps of the Rawul Pindi district was taken up and carried on with one
interruption, during which the Salt-Range was again visited, in order to obtain a special col-
lection of its mineral products for the Vienna Exhibition of 1873.

With the valuable assistance of Dr. Warth, Deputy Collector at the Mayo Mines near
Pind Dadun Khan, a series of specimens of several maunds in weight was formed and des-
patched to Calcutta. This included a block of rock-salt cut purposely from the mine, about
two tons in weight; and amongst the others, a complete series of large specimens illustrating
the geological structure of the part of the range overlooking Pind Dadun Khan,; besides
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several specimens of newly found minerals from the Mayo Mines, such as Glauberite and
Kieserite, varieties of pure potash salts, and others in combination with sulphates.

Specimens of the cubical salt of Kalabagh, the alum shale, gypsum containing quartz-
crystals, and gold sand from this latter locality, were also added to the collection with the
help of Mr. Wright, Collector of the Salt Revenue, and Dr. Warth.

At the same time efforts were made to obtain a block of trans-Indus salt from the mines
of Bahadur Khel, which resulted in the addition of a 27-maund block of this salt to the
collection forwarded by Captain Plowden, Assistant Commissioner at Kohat.

These two large specimens show the marked difference of colour between the clear white -
or reddish salt of the Salt-Range and the gray or dark-coloured trans-Indus salt.

It was during the progress of the Vienna collection at the Mayo Mines that the disco-
very of the potash salts was made, attention being called to their situation in the mines by
the hardness of part of a band of ‘Kullur’ or impure salt through which a drift was being
excavated. On examination of this, the band of potash salts was found to be 6 feet thick,
partly pure and partly mixed (sulphates, &c.) ; but its further extension could not be at the

" time ascertained owing to its situation, while there was little or nothing in the general
appearance of the potash mineral to distinguish it from the ordinary salt. Specimens were
immediately subjected to a preliminary analysis by Dr. Warth, but the crystallography of
the new found salts was a subject unapproachable for want of proper instruments for mea-
surement. It is hoped that some of the perishable crystals put up in glass bottles may have
reached Vienna in a state fit for examination.

The deposit will probably prove interesting, as the only one known within British posses-
sions, and may become very valuable should the importation of these high priced salts into
England from the Continent be interrupted. Dr. Warth suggests that it may eventually be
found advantageous to work this deposit for the alum factories at Kalabagh. For shipment
from India the transport of the salts would present no great difficulty by the wire-tramway
from the mines to the banks of the Jhelam, and thence by water to Kotlee on the lower
Indus or to Kurrachee.

In carrying out the detailed examination of the Rawul Pindi district eastward of that
station, the hills were found to exhibit the relations of the “ sandstone and clay” portion of
the great outer tertiary belt, well known as the southern border formation of the geological
system of the Himalayas. Here the lower, red, or Murree (or Subathu), beds pass upwards by
alternations of red clays or shales and gray sandstones (locally distinguished by the Punjab
survey-party as the “ red and gray” series) into softer gray sandstones with clays of a more
orange colour, the highest beds being a thick group of incoherent conglomerate rocks, pre-
viously known to exist on the Indus and at both ends of the Salt-Range proper, as well as in
some other places. In the generality of cases this conglomerate group was found to present
a gentle transition from the lower beds upwards; the pebbles, chiefly of crystalline rocks, after
their first appearance increasing in number and size till the whole rock becomes a mass of
small boulders or large pebbles slightly held together by an inconsiderable calcareous matrix.
The rock is seldom found hard enough to show its own outcrop, and presents the greatest
difficulty in discovering clear sections, though hills formed of it possess in tbeir undulating
pebbly surfaces a characteristic by which the conglomerate can be recognised from long
distances.

Associated with this conglomerate group, and indeed throughout the whole of the
arenaceous and argillaceons portion of the tertiary rocks of this country, are various beds,
usually calcareous sandstone, conglomeratic sandstone, or a peculiar finely concretionary calca-
reous and earthy or sandy rock of a gravelly pseudo-conglomeratic appearance, often containing
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more or less numerously fragments of bones. In the upper and more conglomeratic por-
tions of the series, these bones are frequently mammalian; while below, even to the base,
and there associated with Nummulitic, or Rotalina-bearing, layers, the bones, rarely in a
good state of preservation, are believed to be more commonly reptilian, as appears from Major
Vicary’s writings to be the case in the corresponding beds at Subathu.*

From Murreet southwards the general stratigraphical structure of the hill country is
a succession of great waves commencing with an anticlinal curvature close to that station,
the synclinals of the curves embracing some of the higher strata, form grand vertical cliffs,
when largely composed of massive sandstones bedded nearly horizontally, as around the eleva-
tions of Karor and Nurr'h, very similar to the cliffs on the Indus at Dangote above Kalabagh.

Towards Jhelam the curves appear to become softer and more open, and some of the
highest beds, the conglomerates previously mentioned, come in.

In the vicinity of Murree, and along deeply excavated valleys lying in a general direction
north of east and south of west, overlooked by the northern slopes of the Murree ridge, the
lower red tertiary rocks terminate; one side of these valleys being chiefly formed of the red
rocks, and the other of contorted limestones and shales, towards which the Murree beds are
frequently inclined. These are the main or striking circumstances of the positions of the
rocks, which, however, when examined in more detail, are not found to be strictly limited to
opposite sides of the valleys, small portions of the red beds being found in the limestone
hill slopes, and a pretty constant rib of nummulitic limestone stretching from the Kooldunna
hole (lying northwards from Murree) along the foot of the Murree ridge westwards by south.

The rocks on both sides of the junction-valley present the strongest evidence of dis-
turbance; and faults, or lines of displacement, are numerous. Starting from Murree, red and
grayish sandstones, with imperfect plant-impressions alternating with deep red clays, form
all the slopes in a descending northerly direction, till the rib of limestone is reached. On
both sides of this, calcareous nummulitic layers alternate with the red beds. And gypsum
occurs more or less on the Murree side of the rib and close to it. Beyond the rib of strong
dark limestone, red and gray sandstone and clay beds (forming the major portion of Kool-
dunna hill) predominate ; and on the ascent of the opposite slopes of the Mochpoora chain,
gray nummulitic limestone, sometimes crowded with small Rofaline, alternate with dark
shales. But even here detached longitudinal masses of the red Murree beds lying parallel
with the principal features appear to be faulted deeply into the limestone group. Further
up on the Mochpoora ridge and beyond it, northwards, jurassic and triassic rocks appear, in
the manner shown in Dr. Waagen's paper on the neighbourhood of Khairagully and
Chumba Peak (the result of a joint examination of the locality with the writer, see Records
Geological Survey, Vol. V, page 15).

In studying the junction of the more mechanically formed tertiary beds with those
consisting largely of nummulitic limestone along the Murree valleys but little value can
be attached to the distorted dips of the beds; some traces of a former regular succession
from the limestones of the Mochpoora ridge upwards into the Murree beds being perhaps
slightly indicated ; and the present positions of the rocks may be, for all that is seen to the
contrary, freely and fairly attributed to the umited results of folding and faulting ;
traces of the latter being too prevalent for faulted displacement to be excluded from consider-
ation in the effort to account for the existing state of things.

Beyond the Murree region westward, the junction of the Murree rocks with the l'u'ne-
stones to the north presents very much the same general character, the gypseous zone being

¢ Quar. Jour. Geol. Boc., London, Vol. IX, p. 72, 1853.

t Koh Mari (i. e., Mari mountain) is the name of this locality, the a having the sound of & ; hence the adoption
here of the phonetic and more popular spelling,
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traceable at intervals in the position first described. The outer limestone rib expands and is
flanked by another similar band, the alternation of limestones and Murree bed being apparently
produced by faults; at least it has entirely this aspect in the neighbourhood of Shah Durah.

Further west a strongly marked line, also bearing the strongest resemblance to a fault,
diverges north of Rawul Pindi from the main line of junction in the direction of the
Margulla pass, on the Peshawur road. Along it the Murree beds are brought against the
hill limestones, here including both nummulitic and jurassic rocks (with perbaps an inter-
vening cretaceous band). The jurassic beds contain a very marked layer made up of large
Trigonie resembling Trigonia Ventricosa, Kraus, with some smaller forms; while beyond
Margulla Ammonites and Belemnites are also to be found. As usual dlong the contact of
the limestones and finely detrital rocks, the red Murree beds are often either vertical or
highly inclined towards the limestones. The actual junction surface, from being situated
at the foot of the hills, is concealed ; and the branch line disappears beyond Margulla, the low
ground in that direction being heavily covered with detrital deposits, and the small hills in
which the spur from Mochpoora terminates being formed of the nummulitic and jurassic
limestones, shales, &c.

The main line of boundary between the limestones and the Murree group continues from
the place of divergence north of Rawul Pindi westwards, marked at first by low limestone
hills at the foot of the Mochpoora ridge or spur, which gradually increase in height and
width, till they form the chain of the Chita Pahar mountxins, abutting on the Indus several
miles southward of Attock, near Nilab GAsh. Beyond this the same feature continues
westward along the Affreedi hills passing just north of Kohat; on this line also the gypseous
zone seen at Murree and more largely developed at Tret, as well as lower down in the plains,
may be recognised at intervals. In connexion with this gypseous zone, and sometimes in the
gypsum itself, are sulphurous springs, which bring petroleum or mineral oil to the surface;
this also frequently occurs slightly impregnating the adjacent limestones.

Along the whole of this line of junction within British territory, from near the Jhelam®
to the Indus and beyond it, tAe positions of the two sets of rocks furnish nothing decisive
in the way of evidence to prove which is the older: and in many places the inference from
dips would be directly contrary to fact. The nummulitic limestones of the hills being,
bowever, found in some spots close to the boundary passing downwards into jurassic rocks
(with or without a thin intervening band which may be, but is not here proved cretaceous),
all doubt of the true position of the red rocks is removed ; and their close association with
certain layers containing nummulites on the south side of the junction fixes their age with
certainty.

It will then appear that on one side of the general boundary there are red Murree beds
containing layers of nummulitic, calcareous, or earthy rock, while on the other there is a
mass of limestones and shales of nummulitic, jurassic, and perhaps some of cretaceous age.
The junction itself presents all the features of a fault or band of several faults, and the
only reason why it should not be unreservedly accepted as such is that, in the Simla Outer-
Himalaya examined by Mr. Medlicott, the same tertiary sandstones and clays as occur
in this country have been divided by that gentleman into groups, the boundaries of which,
having the same general resemblance to lines of fault, are in most cases believed and in
some are proved by him to be lines of unconformable contact and not of faulting (see
Memoirs, Geological Survey, Vol. TIT).

* The continuation of this line in the valley of the Jhelam has been recently seen. It makes a sharp bend
northwards near Kohala, and runs along the foot of the Mochpoora and Huzar hills on the right bank of that
river, crossing the bend of the stream near Mozufferabad in Cashmere. Here it bends to south—east, following the
course of the Jhelam still on the right bank, but far up on the flanks of the Kyj Nag rauge to Ooree, where it crosses
the river and takes a course along the outer flank of the Peer Punjal chain. BSlates, metamorphic rocks, and
occasionally limestones, are seen in junction with the red Murree rocks, the line still bling one of faulting.
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There can be little or no doubt that the red Murree rocks are, or represent, the num-
mulitic Subathu beds of Mr. Medlicott, which, in the Simla districts, rest unconformably
upon limestones and slates of unknown age; while in this part of the Punjab nummulitic
.rocks occur on both sides of the junction. It would be manifestly improper to ignore
this line of junction and carry the nummulitic boundary acrose it while it presents so
marked a feature. Without some palpable local evidence, it would be equally improper to
indicate an unconformable break in the nummulitic series; but as this might possibly
exist together with the faulting and displacement which seems to have occurred, it is
proposed to express the line upon the map as one of fault, at least provisionally or until the
whole country has been explored, . with the hope that something further may be found to ex-
plain the difference between the present aspect of the junctions here and in the Simla regions.

With respect to the other junctions of Mr. Medlicott, showing repeated unconformity in
the ascending series between his tertiary sub-groups, the difference in this district has to be
noticed. The description of the rocks would point to their close identity; but in the Simla
region the succession appears to have been interrupted; while here the most apparently
regular sequence and conformity has only been observed southward from the limestone
hills, crossing the country in an east and west direction north of Rawul Pindi; the red Murree
rocks, either vertical or dipping at high angles, reach down to the latitude of that place,
interrupted only by a long ridge of nummulitic limestone of the hill type, which, lying
west by south from the station, appears to occupy a space between two converging lines of
fault. Southward of this the Murree beds pass up (still retaining their high dip) into the
‘red and gray’' series in which the first bands of conglomerate appear. In these
conglomerates, notwithstanding the parallelism of the beds, are enclosed limestone pebbles, .
proved by the small Nummulites which they contain to have belonged to that formation ;
but where the break occurs during which the denudation of the older rock took place it is
at present impossible to say.

Above the ‘red and gray’ rocks come others with more of orange colour in the clays;
and these pass up, as already stated, into the conglomerate group. The upper portion of
the series in the neighbourhood of these comglomerates has been identified from its fossil
bones with the Sivalik group by the late Dr. Falconer (paper by Mr. Theobald on the Salt-
Range: Proceedings, Asiatic Society, Vol. XXTII, 1864, page 677). So that in this district the
Subathu and Sivalik groups of the Simla region may be considered present; while many
of the intervening rocks would answer to the description of the Nahun beds of
Mr. Medlicott. The peculiarity of the frequently interrupted succession in that region,
contrasted with that almost complete sequence here, would indicate considerable difference in
the physical causes which affected the deposition of the tertiary rocks in one region as
compared with the other.

It is difficult to estimate the thickness of these sandy and earthy tertiary rocks in
consequence of the numerous contortions, and the all but positive certainty that in many
places, where the beds are apparently steady at high angles or vertical, the arches of numerous
folds are concealed. The fact of this contortion impressed Mr. Lyman (Report on the oil
regions of the Punjab) with the idea that the thickness of the whole was much less than
it would appear. But while it is of course possible, it is at the same time not easy to
imagine, all these contortions lying exactly so that the plane (or approximation thereto)
of the surface of the country should intersect them without exposing either recognisable
repetitions of each group or some of the next underlying strata. The absence of these
cases seemed fo point to an enormous accumulation of the beds, notwithstanding their con-
volution; and this is rendered more probable from an observation lately made in the Jhelam

wvalley within Cashmere territory, where part of the red Murree group, dipping regularly at
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an angle of 45°, was estimated to have a thickness, on the flanks of the Kyj Nag range, of
about one and a half miles. The dip in this case also was (obliquely) towards the adjacent
older rocks.

Besides the tertiary conglomerates previously described, there is another very extensive
group of more recent age, the pebbles in which are largely composed of limestone’; it is very
well developed about Rawul Pindi, and spreads unconformably over great tracts of the
country, alternating with drab or pale pink or red or purple brick-clays, and frequently as-
sociated with calcareous tufa or calcareous conglomeratic solid massive beds called by the
natives ¢ Koonjoor. The basal part of this group in immediate contact with the tertiary
sandstones is often formed of strong beds of calcareous tufa or travertin.

These conglomerate and clay rocks are at present considered lacustrine, or formed by
wandering river action; and their boundaries, if shown upon the maps, will be extremely
intricate, as they are often cut through by the nullahs exposing the rocks beneath.

The superficial covering of the country is largely derived from the clays of this
group; and where clays, shales, and such soft rocks abound, there is no lack of material to
form a frequently thick deposit, the result of atmospherie action.

SRINUGGUR, } A. B. WYNNE.
Cashmere, May 25th, 1873.

CoalL 1¥ INpia, BY THEO. W. H. HUGHES, C.E., F. 6. 8., Associate, Royal School of
Mines.

I trust it will not be uninteresting to the readers of the Records of the Geological
Survey to have placed before them a few brief remarks which will tend to widen the scope
of their knowledge with respect to our Indian coal-fields, and enable them, when the subject
of coal is discussed, to uphold the claim which India enjoys to rank amongst the great coal-
bearing areas of the world. It will doubtless surprise many to learn that both in the
superficial extent of its coal measures and associated rocks, and in the actual amount of its
coal, India is surpassed by few countries; and that with respect to the size of some of ita
seams it stands pre-eminent in the literature of mining.

Even that land of monstrosities and natural wonders, the United States of America, can
exhibit nothing to compare with the gigantic seams of the Hengfr and Damiidé coal-fields,
some of which are one hundred aud sixty, one hundred and twenty, and a hundred feet thick.
These figures of course do not imply that there is this amount of pure coal; the term seam is
used in its technical sense, as embracing the whole sum of coal and partings in a given bed.

Until within the last few years the information regarding our coal-fields was scanty
and imperfect; but of late, the action of Government and the labours of the Geological
Survey have been more in accord with the requirements of the country ; and the result is
that, although our data are still far from being complete, yet we can form an approximate
estimate (which may be accepted as a nucleus for future computations) of the area of our pro-
bable coal supplies, their geographical position, and the quality of fuel which they can yield.

And in the first place with regard to our probable coal supplies, it becomes more and
more important, in the face of the steadily increasing price of English coal, to enquire
whether India will be able to furnish the fuel so essential to-the further develop-
ment of those industries which the energies of Englishmen have in some instances
created and in other cases fostered to a matarer growth. 1In answer to this question, around
which centres the chief interest in this article, I think it will be sufficient if the reader
glance at the subjoined table of areas to feel satisfied on this point.
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The same method of calculation has been acted upon in regard to India, in the deter-
mination of the superficial extent of its coal-bearing areas as that applied to other
countries, and the length and breadth of the tracts over which coal rocks may be presumed
to extend have been multiplied to give the number of square miles.

Taking the coal-fields already partially and in whole examined, and allowing for the
unsurveyed portions of Central India, Assam, Burmah, and the Tenasserim province, &c.,
we may safely assume 35,000 square miles as being within the mark.

In order to show how these figures are arrived at, I append the following table.
Besides, however, enumerating the different Indian areas, I have added a list of such
countries the areas of which I have been able to oompile from various sources of reference ;
and I have also noted the countries in which coal is known to occur, but concerning which
there is no knowledge of the extent of their coal measures. By thus enlargening the table,
I hope its usefulness for the purpose of comparison will be increased :—

Table of Areas.
Area in square
miles over which
Name of country. coal-rocks may Bxmanxs.
be presumed
to extend.
Indis .. 35,000 This mileage is made up as follows:—
Goddvarf area (including its afluents) ... l‘l;:%
n
Sirgijéh and GangpGr area ... e 4,600
Assam .., . 3,000
Narbadé area (including its afiuents) ... .« 3,600
Dam6ds... . . 3,000
Unsurveyed and uncompated areas e 2,700
Square miles ... 86,000
United States 500,000 The productive area of coal is much less. Professor Hitchcock

estimates the area of the true carboniferous system at
230,669 square miles.

Chins ... o 400,000 This estimate is not thoroughly reliable, but it is certain that
’ there is an enormous oo:lq 1 area in China,

In New South Wales, the coal ares is said to be 120,000 square
Australia ... 240,000 ith N i 8q!

Queensland the same area is supposed to exist.
Bussia ... 150,000 This area is probably far below the real extent of the Russian
coal-formation.
India . 35,000
British America ... 18,000 '
Great Britain e 12,000 Krtg:l‘;‘g:lv‘e;f S‘,'g% t:%l;.m miles as being stored with coal
Spain ... ] 8,000 This estimate is vague. Some authorities give 4,000 square
: miles, and others 2,000,
Japan ... 6,000
Germany ... 3,000 By gm “i: nl;‘ﬁi “n’ltlﬂ:l;e rﬁ:rmln-spetking provinces,
France ... 2,400
Austria ... P 2,000 Some of the Austrian brown coal seams approach the Indian
seams in thickness.
Belgium .., e 520

Trinidad ... R 318
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Borneo ... ... | The coal of Labuan is reported to be of good quality, and very fair coal occurs
in the Sarawak territory.
Brazil ... ... | There are large cosl-fields in this splendid country.
Cape Colonies ... | There is coal in this as in 80 many other dependencies of the English crown.
Denmark ... ... | Only a small quantity of coal is raised in the island of Bornholm.
Falkland Islands ... ... | These islands contain coal.
Greece ... .... | Lignites have been worked at Koumi.
New Granada ... | The coal of this country is said to be cretaceous.
New Zealand ... | The calculated amount of coal in New Zealand is four thousand millions of tons.
Persia ... ... . A large area of coal is stated to occur.
Portugal ... ... | A small coal-field existe near the mouth of the Douro,
Zambesi ... ... | This coal was brought to light by Livingstone.
Zanzibar ... ...| Some coal, said to be Zanzibar coal, was analysed by Mr, Tween, of the Geological
Survey, and gave—
Carbon ... . 434
Xg.l:tilo x:ntter ;2!70‘: (moisture 4 per cent.)
1000

The geographical positions of most of our fields have been already indicated in the
* Coal Resources of India” compiled by Dr. Oldham and published in 1867. It was pointed
out in that work that a chain of coal-fields extended across India from near Calcutta to the
Haidrabdd Assigned Districts (the Berars), lying within the 20° and 25° parallels of
north latitude; that other fields occurred in the valley of the Godavari and its affluents,
and that throughout Assam, Burmah, and the Tenasserim province there were deposits
of coal.

Some of these fields lie in the route of direct railway communication between
Bombay and Calcutta, and of course would prove useful sources whence to draw fuel. But
the geographical positions of others again are such that they will probably not answer any
aseful purpose for many years to come.

The quality of Indian coal is usually denoted by the adjective bad, but I believe this
word has” been too freely used. The average of Indian coal is certainly inferior to
that of English; but there are many seams in the Réniganj field, and more notably
one or two in the Karharbéri field, which yield very good coal indeed. Much of the Assam
coal is said to be excellent. And it is justifiable to entertain the idea that if our fields had
been more extensively opened out and worked to a greater depth, coals would have been met
with of a quality sufficiently good to make us cautious in regard to the indiscriminate use
of the word bad. Several attempts have of late been made on one of the short lines of the
north of England to burn inferior coals in the locomotive engines ; and I have been informed
by a gentleman personally interested in the matter that the experiment in which he was
concerned proved very successful. The principal modifications of existing arrangements are,
I believe, in connection with the grate and draught, but there are minor ones with which
I am not acquainted. Nearly the same amount of work, it is stated, was done by the inferior
coal as is at present done by the best locomotive coal. How important these practical
experiments are in respect to Indin no one will deny, and I hope the day is not far distant
when we shall profit by them,

CHANDAH,
1st January 1873. }

- B e —
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Ox THE SALT-8PRINGS OF Preu, by WiLLiaM THROBALD, Geological Survey of India.

Prior to the occupation of Pegu by the British, a considerable manufacture of salt was
carried on inland, from the somewhat feeble brine springs, which are so plentifully distributed
throughout a large portion of the valley of the Irrawadi, more particularly along the eastern
skirts of the Arakan range in the districts of Myanoung and Henzadah. Of late years, this
manufacture has to a great extent ceased, and is now merely practised on a very reduced
scale at a few spots, to supply strictly local requirements. The decay of this industry arises
from the abundant supply of the article, now procurable, manufactured in the delta® from
sea-water; and we may expect this sea-salt entirely to supplant that manufactured from the
springs, as the system of traffic and barter, by means of itinerant traders, enlarges more and
more, and the facilities for obtaining the cheaper article become greater, and, therefore, more
appreciated. Even now, many spots are pointed out, from which salt was formerly obtained,
but at which the precise locality of the wells, long since fallen in, has been forgotten, and
every year makes it more difficult to gather information on this point, as the action of the
seasons and the growth of vegetation combine to efface all traces of former workings. In
some places skirting the hills, the plongh now passes over ground where salt-wells formerly
existed; and hence it is mainly in the localities where massive timbering was employed to
support the sides of the wells that we can best judge of the number and importance of the
old workings.

The wells vary in shape, being either round or square, usually the latter, from the greater
facility of timbering the sides ; whilst some are little better than rude excavations or enlarge-
ments of an original cavity, sufficient to permit the accumulation of the brine for conve-
nient removal. Others again are sunk 10, 20, or 30 feet, and have their sides roughly,
though effectively, supported by stout planks. In some instances (e. g., Hlahndeng and
Kadeng-mah-ngo), these planked wells are sunk to a small depth in the bed of a stream, and
during the monsoon become filled with sand, gravel, and fresh-water, but on the scason for
active operations commencing in the cold weather or towards its close, it was customary to
clear them out, when the brine would be found, occupying its own place, a short distance
below the ordinary level of the bed of the stream.

The strength of the brine is variable, being often only feebly saline. This probably
depends on admixture with surface water, as the strongest noted was yielded by the
Sadwingyee spring, which was also most copious, and consequently the least obnoxious to
admixture with surface water, which may be supposed often to affect the more feeble and
sluggish springs. I may here remark that, though usually spoken of as brine springs,
these springs are, in the great majority of instances, hardly entitled to the designation,
baving scarcely any flow. In the case of Sadwingyee, therois a copious spring. In the
case of Nummayahn and Sahngyee there is a perceptible flow, and no more, accompanied by
a somewhat copious evolution of marsh-gas, which keeps the pools turbid and in a state of
constant ebullition. The more usual mode of occurrence of the brine, is among crushed or
disturbed strata, especially harsh dark shales, in which the brine occupies cracks and pockets,
and, on a well being sunk therein, trickles into it from the surrounding strata, but without
causing an overflow. Mr. W. T. Blanford, in a memorandum on the salt-wells of the
district of Henzadah (May 1st, 1861), points out thirteen different localities, the richest
being that at Sadwingyee, which indeed may be regarded as the richest in the province,
and of which I here quote his account.

“The appended list specifies thirteent different localities in the district of Henzadah
at which salt is known to have been worked. Of these, only three were at work at the time

* Imported Englisth salt is now competing with the country-made article.
+ Nos. 63 to 69, 71 to 74, 79.
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of my visit, the principal of which was Sadwingyee, the spring at which place is probably
one of the most productive yet known in the region. The flow of water in the well was
carefully measured by my fellow assistant, Mr. Fedden, and found to be 57-15 gallons per
hour, or about 1,370 in the 24 hours. By a rough experiment the water was found to con-
tain 4,704 grains of salt to the gallon, so that the quantity of salt daily yielded by this
spring amounts to 920 bs. avoirdupois, or 8 cwts. 24 Ibs.

* Few springs probably yield so largely as Sadwingyee, but it was not found practicable
to ascertain the quantity procurable from any other. The water is so salt that it can be
evaporated at once without previous partial evaporation by the sun. It is boiled down in
large iron pans, placed in twos or threes, over an earthen fire-place, the method being some-
what similar to that employed in India for evaporating the juice of the sugarcame.”

The pans mentioned in the above paragraph are shallow, extremely thin cast-iron pans,of
English manufacture, of about 30 inches in diameter, and principally used in the preparation
of the common * jaggery’ or unrefined sugar from the juice of the ‘date,’ ‘fanm,’ or other
palms. Earthen pots are also used for concentrating the brine, of an oval shape, with sides
nearly an inch in thickness, and capable of holding between 3 and 4 gallons. In the delta,
where salt is habitually made from sea-water, a somewhat different arrangement is adopted.
A circular oven of brick is constructed, something like a large bee-hive, with holes at intervals
to receive the oval earthen pots above described, to the number, perhaps, of as many as sixty
in one oven, the ultimate concentration being, I believe, in the ordinary shallow iron pans,
though this is probably a recent innovation.

The distribution of these springs is as follows:—Of 79 localities recorded in the accom-
panying table, 21 are situated within the area occupied by the newer tertiary strata of the
province, of miocene age; 9 within the much narrower belt of country formed of unaltered,
and comparatively slightly disturbed, nummulitic rocks; whilst most of the remaining 49
localities form a conspicuous band along the outer hills, on the eastern side of the Arakan

range, among altered rocks, grouped comprehensively under the term Negrais beds, of, in part
possibly, nummulitic age likewise.

No salt springs are known to me on the western side of the Arakan range, or on the
eastern side of the Pegu range. The whole are, as far as is at present known, confined
to the Irrawadi valley; though future exploration may possibly show that this remark
only holds good within tke area to which it more immediately relates.

The most easterly springs are those of Kadeng-mah-ngo and Pyeng-mah-choung,
fifty miles to the south of the former, distant, respectively, sixty-seven and seventy miles
from the Arakan range, and thirteen and eleven from the Pegu range, measured at right
angles to their general direction. Seven miles south of the Pyeng-mah-choung springs
occurs the spring of Toung-ngo, rising on the same north by west line of strike, and being
accompanied by a copious evolution of marsh-gas. The Toung-ngo spring rises on a line of
disturbance, as shown by the crushed and indurated character of the sandstones in its vicinity,
and the lesser frequency of springs along this most easterly line of their occurrence may be
partly attributed to the greater thickness of the newer strata, which they would here require
to pierce before reaching the surface ; and, partly, to their presence not having been so sed-
ulously sought after by the natives, owing to the lesser demand for salt at such a distance from
the river or lakes, yielding the great bulk of the fish from which the national gna-pee or
fish-paste is prepared. Hlahndeng spring probably belongs to the same system, though
situated a little off the direct line on which the others rise.

The second line of springs is that of which Nummayahn is the most important, and
runs in a direction north by west, distant, respectively, thirty-two and forty-six miles from

L e ey o e - W —_ —————— e —— = — ————4
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the Arakan and Pegu ranges. The On-nay-da-gyee spring near the frontier lies almost
exactly on this line, which, if consilered as one line, measuring from On-nay-da-gyee to
Waddau-tha, is sixty-three miles in length, with a general coincidence of direction with
the hill ranges bounding the valley.

On this line likewise is situated the spot known as Naht-mi or * the spirits fire,” thirty
miles north by west from Nummayahn, and which is merely a spot in the jungle from which
marsh-gas issues through cracks in the soil, and becomes, from time to time, either intentionally
ignited or accidentally during the prevalence of jungle fires. AboveNummayahn, in the
river bed, there is considerable disturbance, as evinced by vertical strata, and it seems probable
that all the springs of this group rise along one and the same line of fracture, probably
a highly contorted anticlinal, though this may not be indicated by the appearance of the
rocks at the surface, at the actual point of issue of the springs, which may mainly depend
on local conditions, surface arrangement, denudation, and the like.

A little west of this lice occur other springs (Nos. 8, 21, 9), which may or may not
issue primarily along the same subterranean line of disturbance or fracture; but this is neither
material nor possible to say.

Associated with this system of springs may be classed the Boolay, Laymyoung, and
Tayzahn springs. The Boolay springs were simple wells sunk in sandstone at the mouth
of the Boolay stream, but which have been long disused. The Laymyoung spring rises
on the top of alow ridge forming mud pools from which a little marsh-gas escapes, much
after the fashion of the Nummayahn springs, only much more feebly. Near the mouth
of the Boolay stream, above where the road crosses, and close to the village of Kwonboolay,
occurs the only hot spring known to me in Pegu, but it rises in the bed of the river, so
that its temperature cannot be well ascertained, and sometimes it is entirely concealed
beneath the sand.

The third line of springs is by far the most important, embracing probably several
closely arranged parallel lines; and if we assume the Sahngi spring on the frontier to
belong to this group, this line would seem to follow a curve, generally corresponding with
that followed by the Arakan range. The Sahngi and Day-beng springs are situated in a
line thirty-four miles long, with a general bearing north-west by north, with the Lengbhan
and Shuagyeing springs a little on either side of it, and distaut seventeen miles from the °
Arakan range. From Day-beng to Shah-si-bo the line is forty-two miles, with a bearing
north by west, distant fourteen miles from the Arakan range, and marked by a perfect
belt of salt springs. From S8hah-si-bo southwards, the springs are rather more scattered,
and run in a direction almost due south, the most southerly one recorded, No. 79, being
one hundred aud twenty-four miles in & straight line from the frontier spring of Sahngi.

This rich belt of springs is situated among a group of harsh dark indurated shales
and sandstones ; the induration being variable in amount, and never approaching metamor-
phism, properly so0 called, within the area immediately adjacent to the salt springs in
question. Few or no fossils have been found in these rocks, certainly not within the above
area, but their relation to the unaltered rocks of the district lends support to the view of their
being possibly of nummulitic age.

In view, then, of the occurrence of these springs most numerously along lines corres-
ponding to the general strike of the beds of the district, and of the direction, moreover,
of the twin ranges which bound the Irrawadi valley; and haviag regard to the indica-
tions of compression and violent disturbance which the rocks in their vicinity often
display; in view, too, of the association with them, on the same lines of strike, of the
only hot spring in the province, and of spots whence issue both petroleum and marsh-gas,
we may fairly assume that they rise along widely extended lines of disturbance, (anticlinal
fissures most probably,) from the lower beds of the nummulitic or some still older group.
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It may here be remarked that whereas the only known petroleum localities lie within
the area of unaltered nummulitic strata, or of the newer Tertiaries, yet the greater number
of salt springs lie below this horizon among the altered and presumedly lower members of
the same group; a point which, if definitely established, as it seems to be, as far as regards
the area hitherto subjected to examiuation, will not be without an important practical
bearing in searching for petroleum, inasmuch as there is an idea prevalent that the presence
of brine springs in this region is per se indicative of the existence below of the more
valuable mineral. Having regard to the circumstances under which the mineral oils occur
in America, there is nothing unreasonable in the supposition of a similar connexion existing
between the brine springs and oil in Pegu, as is found in the new world—an idea strengthened,
moreover, by the existence in the same districts of both oil and brine; but, as I have already
pointed out, there seems no good reason for believing that, in Pegu, the same connexion be-
tween brine springs and oil exists as in the American oil-fields. On the contrary, it would
seem that the reverse of what occurs in America is to be anticipated here. In America
the connexion between the oil and brine is an established fact; the first petroleum obtained
by boring having been accidentally obtained in 1819 “in sinking wells for salt in the little
Maskingum river in Ohio,” (Erni, “ Coal-oil and Petroleum.”) In Pegu, it would seem as
though, if in sinking a bore, & copious brine spring were struck, this would probably indicate
that the boring had penetrated to a horizon below that wherein the mineral oil was pro-
duced. In Pegu, as in America, the oil may rise to the surface with the brine, as the
horizon of the napthagenic beds is higher than the sources of the brine, which is not the
case in the American oil-field. But the non-association of the two in Pegu may, I think,
be legitimately inferred from the fact of no indications of petroleum being known within
the belt of rocks wherein the most numerous brine springs rise, as would hardly fail to be the
case were the origin of the brineand petroleum in one and the same group of beds. That the
co-existence, too, of brine springs and petroleum in Pegu is rather a fortuitous than a connected

" phenomenon ( as it would seem to be in America,) is to some extent borne out by the fact
of petroleum occurring in the Punjab in connexion with rocks of the same geological age
as in Pegu, but without the accompaniment of brine springs, as in that province; so that
our present experience may be summed up with the assertion, that whilst a copious discharge
of brine and marsh-gas may not be without value in determining a site for sinking for
petroleum, in ground occupied by rocks of the upper portion of the nummulitic group or any
rocks above that horizon, yet the same indications are not to be relied on as of equal
promise, within the area occupied by rocks lower in the series, or of greater geological age.

It only remains to add a few words explanatory of my classing these altered or hill
rocks as ¢ Negrais beds,” or possibly nummulitic in part, after having, in my recent paper on
the ‘ Axials in Western Prome,’ included them in that group. When writing that paper,
the age of these hill-rocks was quite problematical, and beyond the gemeral absence of
fossils in the limestones and the mineral character of the beds, so different from that of the
recpgnised Nummulitics, there was little or no evidence to which group they should be
assigned; and the balance seemed to tend towards their union with the older or axial group.
During the following season, however, (1870-71), I accumulated evidence, of an opposite
tendency, not only by a more extended examination of the ground occupied by them, but I
had the gond fortune likewise to detect Nummulites in one of the outcrops of limestone, alluded
to by me in note at page 38 (loc. cit.), which I had not previously had the opportunity of
visiting, thereby demonstrating the relation of a portion at least of these hill rocks, of
hitherto uncertain age, with the newer nummulitic group, in spite of their often excessively
changed character, rather than with the older Axials, with which they had been previously in-
cluded. I must defer, however, a discussion of this question for another occasion.

CALCUTTA, . W. THEOBALD.
Gth August 1872. }
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I append a list of springs, a great number of which are not included in the published
map of the province. 1 have therefore spelt the whole on a uniform system as given below,
adding the mode used in the published map, where it differs from my own. I have endea-
voured to convey the sound, so that the word cannot be mis-pronouuced through ignorance
or ambiguity. The system is that already adopted in the naming of a very extensive collec-
tion of Pegu woods presented to the ¢ Phayre Museum’, Rangoon.

Burmese names spelt on the following system :—

a a8 a in mat cat

ah » a » father ak

¥ » i ” sin syncopy
e » i . nile netther
0 » o » pot lot

oa ” 0 " pope soap

u " u ” tub mud

00 » u » - lunar stoop
ay . a » patient stay

e ” e »” set met

$ ” e ” impede concertina
ew ” e » few new

There is no f in Burmese, Ap is its nearcst representative ; g is always hard.
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Nos. Rxroar SexLuiNG, Mar SrxiiiNe. Rauaxxs.
1 | Hlahn-deng . | Hlandeng . | One and half mile west of the village. Several wells in the
rocky bed of astream, and a few more a little to the eastward.

3 ' Kadeng-mah-n:o . Bak‘enl wells in a small stream running into the Khyoung-

oung.

3 | Pyenmah-choung ... | Pyengmakhoung ... [ Two springs or puddies s little way apart.

4 | Toung-ngo ' . ... | A strong spring with much marsh-gas escaping. Water very
nauseous.

5 | Sahn-gl ... ... | Sangyee .- Severll lprinn with & copionl evolution of marsh-gas, but
a feeble discharge of brin

6 | Hpoongl ... . | Pwongyee.

7

8 | Oan-nay dah-gi «« | On nay dagyee.

9 | Ki-deing.

10 | Boolay ... ... | Bhwet-lay «.. | Beveral wells sunk in sandstone on the north bank near the
mouth of the Boolay-choung.

11 | Lay-myoung .. | Let myoung Sprinx issue foebly on the top of a small hill, with s little

-gas.

13 | Tayashn ... oo | Tazan,

18 | Leng bahn ... | Leng bhan,

14 | Shaay-gyeng.

15 | Day-beng.

16 | Nyoung-kein.

17 | Yathaya - <. | Several wells about one mile south by west from the village.

18 | Hsengahn,

19

20 (Oat pho ... . | Ot pho,

21 | Num-may-ahn . | Na ma yan Several springs, rather foeble, but witha eonlidenble evo-
lution of marsh a mile south-east of town

23 | Pyouk-hsiaht. on rising sronnz"

23 | Pay-goan. Nos. 31 to 28 all rise along the west side of the range of
hills mnning down behind Prome in a south-casterly

24 | Ynah-thyt-koan. direction,

25 | Thoan-ua boung.

26 | Wuddau-thah,

37 | Bhooyo.

28 | Hnet wah .., . | 8everal wells.

29 | Kahngu choung . ... | The brine here rises in a sort of pocket formed by a crushed
anticlinal, and we have here probably exem lnﬂod the
manner in which most of the springs reach the surface,
along lines rendered pervious by extreme toldmg,mdm
digruption of the lower beds,

30—35 | (33) (38).

36 | Zigoan-choung.

37

38 | Toung-myouk-choung.

39
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Theobald : Salt-springs of Pegu.

Nos.

Bxrorr SrairiNg.

Mar SrELLING. ReMazxs.

Shtﬁi

51—83

®
*
g &

I grIgeeras2egsea

3 2=

7
7%
76

Hlay-gu

Kamyeng-choung.
Shuaybandau.

Kweng-hlah,
Oushyt-Kweng.
Thayetsahn. .
Paybeng-goan.
Chin-uah-gi.

Sayay-kweng.
Shah-si-bo.
Kway-mah ...
Khyon khya
Hsi-soan.
Tsahnda-choung, N.
Ditto, 8.

Piab-hoan.
Boodalet.
Mioung,
Sahdwyngi
Adwynzyn.
Kayahndwyn.
Minahgwyn

Kway choung kweng.

Thayet-goan.
Wuddaw kweng.

|
... These seven localities embrace many wells ranged in a line
| one and half miles long. They are now mostly abandoned.

... | There are some six wells here.
... The brine of Nos. 63, 64, and 85 said to be very salt.

'

. | This is the most copious and important spring in Pegu,

| Thhere is a cluster of some thirty wells here within a mile of
this
i

Nos. 63, 64, 65, 66, 67, 70, 71, 72, 73, 74, and 79 had been already examined and fixed by
Mr. W. Blanford. The great majority of the remainder have been visited by myself, whilst
many of them have been independently exarained by Mr. Fedden likewise. It must not,
however, be supposed that the above list exhausts all the localities where brire may possibly
occur, but only attempts to give as complete an enumeration as possible of the sites where
salt has been formerly extracted.
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DONATIONS TO MUSEUM.
FroM 1st APRIL T0 30TH JUNE 1873.

ApriL 251H.—DR. HENDERSON —Two specimens of Limestone and Sandstone from the
north slope of the Korakoram Range.

Jung 10TH.—Government of India through A. W. Sampson, EsQ., Under Secretary.
Specimens of Earth-Oil collected by B. L. Surrn, Esq., from the
Punjab.

ACCESSIONS TO LIBRARY.

Frox 1st APRIL TOo 30TH JUNE 1873.
Tstles of Books. Donors.

Avsser, Dorrrus.—Matériaux pour I'Etude des Glaciers, Vol. I, Part IV, (1870), 8vo.,
Paris.

AvusTIN, JAMES G.—A practical treatise on the preparation, combination, and application of
Calcareous and Hydraulic Limes and Cements, (1862), 8vo.,
London.

BLakE, Wu. P.—Notices of Mining Machinery, (1871), 8vo., New Haven.

Dssog, E., er Lorior, P. bg.—Echinologie Helvétique. Description des Qursins Fossiles de
la Suisse, with Atlas, (1868-72), 4to., Paris.

DuroNT, E.—L'Homme pendant les Ages de la Pierre dans les environs de Dinant-sur-
Meuse, 2nd Edition, (1872), 8vo., Bruxelles.

FeraussoN, James.—Rude Stone Monuments in all Countries ; their age and uses, (1872),
8vo., London.

FritscH, DB. ANTON.—Cephalopoden der Bohmischen Kreideformation, (1872), 4to., Prag.

FroueNTEL, E. pB.—Introduction a 'Etude des Polypiers Fossiles, (1858-61), 8vo., Paris.

Hagcourr, Capr. A. F. P.—The Himalayan Districts of Kooloo, Lahoul, and Spiti, (1871),
8vo., London.

Leavirr, T. H.—Facts about Peat as an article of fuel, (1867), 8vo., Boston.

Matériaux pour la Carte Géologique de la Suisse,” Parts 6 to 9, and 11, (1869-1872), 4to.,
Berne.

MEUNIER, STANISLAS.—Cours Elémentaire de Géologie Appliquée, (1872), 8vo., Paris.

MogriT, C.—A Practical Treatise on Pure Fertilizers, (1873), 8vo., London.

ORMATHWAITE, LoRD.—Astronomy and Geology compared, (1872), 8vo., London.

Parmiggi, Pror. L.—The Eruption of Vesuvius in 1872, (1873), 8vo., London.

Reports of the United States Commissioners to the Paris Universal Exposition, 1867,
Yols. I—VI, (1870), 8vo., Washington.

DEPT, oF STATE, WasHINGTON, D. C.

The Coming Race, (1871), 8vo., London.

VoaT., CarL.—Lehrbuch des Geologie und Petrefactenkunde, Band II, Tief. 1—3, (1871-72),
8vo., Braunschweig.

Vosg, G. L.—Orographic Geology, (1866), 8vo., Boston.

PERIODICALS.

American Journal of Science and Arts, 3rd Series, Vol. V, Nos. 26 to 28, (1873), 8vo.,
New Haven.
Annales des Mines, 7th Series, Vol. II, Liv. 6, (1872), 8vo., Paris. = L’ADMINS. DES MINES.
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Titles of Books. Donors.

Annals and Magazine of Natural History, 4th Series, Vol. XI, Nos. 63 to 685, (1873), 8vo.,
London.

BrocaMaNN, H.—Bibliotheca Indica, New Series, No. 275, Ain-i-Akbéirf, Fase. XVI, (1873),
4to., Calcutta. GOVERNMENT oF INDIA.

Cora Guipo.—Cosmos, No. I, (1873), 8vo., Torino.
THE AUTHOR.
Geological Magazine, Vol. X, Nos. 3 to 5, (1873), 8vo., London.
Indian Economist, with Agricultural Gazette, and Statistical Reporter, Vol. IV, Nos. 8 to 10,
(1873), 4to., Bombay. GOVERNMENT OF INDIA.

London, Edinburgh, and Dublin Philosophical Magazine, and Journal of Science, 4th Series,
Vol. XLV, Nos. 299 to 301, (1873), 8vo., London.

Neues Jahrbuch fiir Mineralogie, Geologie, und Palmontologie, Jahrg., 1873, heft 1-2, (1873),
8vo., Stuttgart.

Paléontologie Frangaise, 2nd Series, Vegetaux. Terrain Jurassique, liv. 1.9, 8vo., Paris.

PereRMANN, DE. A.—Geographische Mittheilungen, Band XIX, Nos. 1 to 4, (1873), 4to.,
Gotha.

Professional Papers on Indian Engineering, 2nd Series, Vol. I, No. 8, (1873), 8vo., Roorkee.

TrOoMA80N COLLEGE.
Quarterly Journal of Science, Nos. 37 and 38, (1873), 8vo., London.

GOVERNMENT SELECTIONS, &c.

BexaaL.—GasTRELL, Cor. JaMes E., AND VaNBENEN, CoL. D. C.—General Report on
the Revenue Survey Operations of the Upper and Lower Circles
for 1871-72, (1873), flsc., Calcutta.

THE SURVEY.

BousaY.—General Report on the Administration of the Bombay Presidency for the year

1871.72, (1872), 8vo., Bombay.
BoMBAY GOVERNMENT.

Selections from the Records of the Bombay Government, No. 130, New Series.

Papers relative to the introduction of revised rates of assessment
into part of the Niphér and Chéndir Talukés in the Nasik
Collectorate, (1872), 8vo., Bombay.

»

Dirro.
Britise Burmam.—Report on Hospitals and Dispensaries in British Burmah for 1871,
(1873), 8vo., Rangoon.
CHIEF CoMMISSIONER, BRiTIsH BURMAH.
HypeaBAD.—SAUNDERS, C. B.—Administration Report by the Resident at Hydrabad, includ-
ing a report on the Administration of the Hydrabad Assigned
Districts for 1871-72, (1872), 8vo.
ResipENT, HYDRABAD.
Inpia.—Annals of Indian Administration in 1871-72, Vol. XVII, part 1, (1873), 8vo,,
Serampiir.
GOVERNMENT OF INDIA.
»  Government of India: Civil Budget Estimate for the year 1873-74, (1873), flsc.

Calcutta.
Drrro.
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. Titles of Books. : Donors.
Inp1a.—List of Civil Officers holding gazetted appointments under the Government of
India in the Home, Foreign, Financial, and Legislative Depart-

ments as it stood on the 1st July 1872, (1873), 8vo., Calcutta.

GOVERNMENT OF INDI
” Selections from the Records of the Government of India, Foreign Departmen

No. 100. Report on the Political Administration of the Rajpootan:
States, 1871.72, (1872), 8vo., Calcutta.
Drrro.

»  TRUILLIEB, CoLONEL H. L.—General Report on the Topographical Surveys o

India and of the Surveyor General's Department for 1871-7:
(1873), flsc., Calcutta.

SURVEYOR GENERAL OF INDI
Mapeas.—The Madras Experimental aud Model Farms Reports for the year ending 31s
March 1872, (1873), flsc., Madras.

GOVERNMENT OF MADRas,
Mysore.—Report on Public Instruction in Mysore for the years 1870-71 & 1871-7:

(1871-72), 8vo., Bangalore.

MY80RE GOVERNMEKT.
NorTH-WESTERN PROVINCRS.—Belections from the Revenue Records of the North-Wester

Provinces, (1873), 8vo., Allahabad.
GOVERNMENT oF THE NoRTH-WESTERN PROVINCES

TRANSACTIONS OF SOCIETIES, &c.

AmsTERDAM.—Jaarboek van het Mijnwezen in Nederlandsch Oost—Indié, Jaarg. I, Deel II,
(1872), 8vo., Amsterdam.
RovaL Sociery oF BaTavia
BegriN.—Monatsbericht der Konig. Preuss. Akademie der Wissenschaften zu Berlin,
November and December 1872, January 1873, (1873), 8vo.
Berlin.
RovaL AcapEmy oF Science.
Cancurra.—Journal of the Asiatic Society of Bengal, New Series, Vol. XLII, part 1,
' No. 1, part 2, Nos. 1 & 2, (1873), 8vo., Calcutta.
THE SocIETY.
" Proceedings of the Asiatic Society of Bengal, Nos. 2—5, (1873), 8vo., Calcutta.

Drrr0.
' Memoirs of the Geological Survey of India, Vol. X, part 1, (1873), 8vo.,
Calcutta.

THE SURVEY.
" Records of the Geological Survey of India, Vol. VI, parts 1 & 2, (1873), 8vo.,
Calcutta.

. Dirro.
CamBRIDGE, Mass.—Bulletin of the Museum of Comparative Zoslogy at Harvard College,
, Cambridge, Mass, Vol. III, Nos. 5 & 6, (1872), 8vo., Cambridge.
MuseuM oF COMPARATIVE ZodLogy.
' Illustrated Catalogue of the Museum of Comparative Zoglogy at
Harvard College, No. VII. Revision of the Echini by Alex.
Agassiz, Parts I & II, with Plates, (1872), 4to., Cambridge.

Drrro.
DusLIN.—Journal of the Royal Dublin Society, Vol. VI, No. 2, (1872), 8vo., Dublin.

Rovar DuBLiN SocIery.
FLorENCE.—Bollettino R. Comitato Geologico d’ Italia, Nos. 1—4, (1873), 8vo., Florence.

THE SocIETY.
The 2nd July 1873.
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NoTe oN soME oF THE IRON DEPoSITS OF CHANDA, CENTRAL PROVINCES, by THEODORE
W. H. HuGHEs, A. R. 8. M., F. G. 8., Geological Survey of India.

My present contribution to the Records of the Geological Survey refers to a few only
of the deposits of iron-ore found in the Chind4 district, and gives some details relative to
the amount of ore and fuel ordinarily used in native furnaces, showing what results are
obtained without the use of foreign slag-forming ingredients.

I am indebted to Major Glasfurd, the Deputy Commissioner, for my quantitative figures ;.
and although it is always more satisfactory to have an accumaulation of data, I think the
six experimental trials which are recorded yield a fair indication of the work accomplished
by the method of smelting adopted in this country.

Tron-ore exists in great quantity ; and as it occurs principally in the metamorphic rocks,
it is found in those portions of the Chanda district which are to the north and east of the
main Wardh4 valley coal-field. Anhydrous heematite.is the most abundant species, and it
farnishes all the supplies for the native furnaces. It is usually compact, and is mixed up
occasionally with some magnetic oxide and a little brown iron-ore.

The latter variety of hsematite occurs often as a coating to an interior mass of anhy-
drous hamatite. It presents in many instances an exceedingly beautiful appearance, having
a clear smooth surface on the outside, and being finely fibrous on the transverse face. There
is no difficulty in distinguishing it, for it gives a well defined brown streak on being
scratched ; and any person interested in possessing an illustrative mineralogical sample of
jron-ore, showing the passage of one variety into the other, may obtain in the Chinda
district many such specimens as that which I have described.

The most noted localities for abundance and excellence of ore are Déwalgaon, Gfinjwahi,
and Lohéra; but there are several others which run them close for a place in the first rank.
The wealth of Chind4 in iron-ore is undeniable. In the form either of magnetic oxide,
hzematites, carbonate, or as laterite, one is constantly meeting with it.

The deposit most worthy of notice which I have hitherto seen is undoubtedly that at
Lohara. It deserves, and will some day obtain, a more than local reputation. The ore
consisting of compact crystalline hematite or specular iron-ore with some magnetic oxide,
forms a hill fully three-eighths of a mile in length, two hundred yards in breadth, and
a hundred to a hundred and twenty feet in height. The main lode striking north-east by
north can be traced clearly for some distance beyond the distinctive hill portion which first
catches the eye, and its actual length if followed out (but which I am sorry to say I had
not time to do on the occasion of my visit) would probably exceed several miles.
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The view presented by such a mass as that at Lohéra, exclusively made up of almost
pure specular iron, it does not fall to the lot of many men to see surpassed ; and those who
possess the opportunity of visiting this place ought to do #o, and carry away with them the
remembrance of having looked upon one of the marvels of the Indian mineral world.

The ore at LoharA has been analysed by Mr. David Forbes, and I extract from the
Colliery Guardian® the following statement of its composition :~

Iron, metallic - - 69-208
Oxygen, in combination - 29-376
Manganese, sesquioxide 090
Bilica ‘823
Alumina .. . - e *432
Lime e o ‘064
Magnesia ... - Trace.
Sulphur .. e - e ‘012
Phosphorus 006
100000
E—————3

It will be seen that it is extremely rich in iron, and exceptionally free' from sulphur
and phosphorus, which are usually two of the most annoying ingredients that the iron-master
has to contend with. The amount of silica is less than would be presumed to exist, judging
by the external appearance, compactness, and hardness of the ore.

It is not, however, to the Lobard deposit that I wish to draw attention so much, as to
some others, which—since the question of establishing large iron-works in India has been
again raised—have lately acquired increased importance, due to their propinquity to a small
area of possibly coal-bearing-rocks, about six miles west of Chimir, which I discovered and
mapped during the past season.

These deposits are three in number, and occur near the villages of Bissf, Pipalgaon,
and Ratnépftr.

(1). Bissf.—Long. 79°28" East, and Lat. 20°39' North. The ore occurs in a lode
about a mile directly east of the village, and contains hematite
and magnetic oxide of iron.

(2). PrraresoN.—Long. 79°34° East, Lat. 20°32' north. An excessively fine mass
of red hwmatite, resembling that which occurs at Lobéré, and
having probably the same composition, is to be seen about three
quarters of a mile east of Pipalgaon. The strike of the lode is
west-north-west, east-south-east.

(3). BarxirGr.—Long. 79°37' East, and Lat. 20°88' North. A very rich lode of
brown iron ore, forms a terrace on the north side of the small
range of hills facing AlisGr. The width of the lode in places
is 40 and 50 feet.

The coal rocks which I have referred to as giving increased importance to the deposits
just described, occupy & somewhat restricted area. I have not been able to prove the actusl
existence of coal by the discovery of an outcrop; but Damiédi and KAmthi strats occur;
and a very few shallow borings, not exceeding 300 feet at the utmost, sunk between Morepéh

® Colliery Guardian, 13th September 1873,
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and Bandar® ought to determine the question. I do not entertain the idea that there
is any present chance of profitable blast-furnaces being erected in the ChéndA district:
We have a long pupilage to go through before we can work successfully with such coal a8
bas hitherto been found in the Wardhé valley field. It may, therefore, perhaps be urged
that if this be the case, there is no immediate necessity for proving the ground which
I have pointed out. But I am writing with the full knowledge that there is a boring
establishment at Warora, and that possibly if the present opportunity of profiting by
it be neglected, many years may elapse before mechanical means are again available for
purposes of exploration. Should the borings which I recommend be carried out, we shall
gain positive knowledge in reference to the rocks, and if there be no coal, we shall not be
indulging in vain speculations regarding the utilization of the iron ore deposits to which
I have drawn attention.

The native furnaces of Chénda are somewhat taller and larger than those commonly in
" use in Bengal. Several that I measured were nearly 6 feet in height, owing to a prolongation
upwards of the front face of the furnace, the use of which is to back up tbe ore around the
feed-hole. The height of the actual working shaft varies from 4' 6" to 5 feet.

The section of the furnace is that of a cone, its internal diameter diminishing from
1'6" at a height of six inches above the hearth to three quarters of a foot at a -height of
36 inches above it.

The hearth, as is usual, sl<;pes from behind forwards, and the bloom is taken out through
the face.

The twyers are 9 inches long, 1} inches in diameter at the larger opening, and §ths of an
inch at the smaller. The bellows for producing the blast are usually worked by hand.

T need not refer to the method of smelting, further than to say that it is similar to the
mode in use in other parts of India, and I will now give the results and details of the six
experiments which Major Glasfurd undertook to have made.

Three experiments were conducted in the Muhl Tahsfl, at Chikli, Gdlab-bhij and
Metégaon ; and three in the BrahmAptiri Tahsfl, at Armori, Déwalgaon and Injhéwérd :—

Iron ore | Charcoal Iron Oost of iron Wages of 3
ViLuian, used. used. yielded, | oreand char. | V#iue of iron. men.
ooal used.
Beers. Seers. Beers. Bs. A. P, RBs. A, P. Re. A, P,
Al —
Chikli ... s v . 49 83 17% 090 100 040
Gidlab-bhaj ... e e [ 3 88 18, 09 0 018 0 040
Metégaon 72 20 21 09 0 130 0 40
Brdhmdphri.— -
Armorf ... ™ . 37% [:.:] 12 04 6 09 7 0o
Déwalgaon ... 52 114 13 0 4 6 0 810 0 38 2
Infhéwhré e e [ 88 12% 0 510 010 0 o

In these returns there is a great discrepancy in the price paid for charcoal and ore in the
Mhil and Brabhmépiri Tahsils. Compare, for instance, Chikli (49+82 seers for 9 annas)

* Morepah: Long. 79° 21’ East; Lat, 20°33' North, Bandar: Long, 79°21’ East ; Lat, 20° 30’ North,
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and Déwalgaon (524 114 seers for 4a. 6p). The yield of iron also shows great disagree-
ment. At Déwalgaon 52 seers of ore produced only 12 seers of iron, whereas at Chikli 49
seers produced 174. It may be that a poorer class of ore was used in the one instance
than in the other, but I scarcely think this can be the case, for I have always observed that
the natives invariably used ore having the same average eomposition. And an analysis of
the Déwalgaon ore shows that it contains 70 per cent. of metallic iron.

If we calculate the proportion of the amount of charcoal used to iron ore, and the
proportion of the amount of ore employed to the iton produced, we find :

-Village. Proportion of ore to chareoal. Proportion of ore to iron.
Ore, -Charcoal, Ore, Iron,

Mikl.—

Chikli 1 to 17 3

Galab-bhgj ... 1 ” 14 5 » 1

Metégaon e e 1 » 12 85 »
Brakmdprird—

Armori . 1 ”» 18 3 ”» 1

Déwalgaon 1 » 22 43 " 1

Injhéward " 20 36 » 1

The iron referred to above, which is called kit by the Maharattas, is a mere mass of
spongy iron, slag and charcoal, and has to undergo two refinings before being sold as
malleable iron. In the first operation it is manipulated by the men who reduce it from its
ore. They heat it in a refinery, and then hammer it, whereby the slag is more or less
completely extruded and the iron consolidated into a compact bloom. It loses considerably
in weight during this process, and the mass formerly weighing, say 14 seers, is diminished to
10 seers. The amount of charcoal consumed is stated to be 20 seers, or perbaps a little less.
The bloom is then cut partially in half and is called Chdl, and is sold to the regular metal-
workers (lohars). These men clean it again, by which its weight becomes still further
reduced, fully one-third and sometimes one-half of it being lost; and it is by them worked
up into various household and agricultural implements.

Applying the foregoing observations (by taking the mean of the Mvhl figures) to
arrive at the average proportions of iron-ore and charcoal used in producing iron ready for
being actually worked up, it appears that—

(a.) Seventeen and a half seers of iron are produced from 638 seers of ore and
87 seers of charcoal.

(b)) In the first refining operation, 20 seers of charcoal are used, and the iron loses
&6 seers in weight, reducing it to 12} seers.

(c.) In the final refining operation about 10 seers of charcoal are consumed, and
clean workable iron, weighing 7 to 8 seers, is obtained.

Thus, 63 seers of ore and 117 of charcoal are required by the native method of
smelting as carried on in Chandé to produce 8 seers of metal. Or, stating it in current
Ebglish terms—

8 Tons of ore .
Are used in the manufacture of 1 Ton
of wrought-iron,

and
14} Tons of charcoal
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There is no occasion in the present number of the Records to treat the subject of cost
in its various branches, nor need I enter upon a discussion of the commercial aspect of the
iron trade of Chéandd. I hope to dwell at some length upon both these topics when giving
a detailed description of the Wardhé valley coal-field.

For the present, I wish to draw attention to ls¢, the richness of Chénd4 in iron-ore;
2nd, the circumstance of the probable favorable association of coal and iron-ore; 8rd, the
proportional consumption of raw materials in the manufacture of native wrought.iron. Of
course, should furnaces intended either for the making of pig-iron, or for the production of
wrought-iron by the direct process, be ever erected on a European scale, the data afforded by
observations on the liliputian works of the natives of the country will be matter for curiosity
rather than of practical interest.

CALCUTTA, } T. W. H. HUGHES.
1st July 1873.

BaBREN IsLAND AND NiRKONDAM, by V. BarL, M. A., Geological Survey of India.

In the month of March last, a few hours were spent on the two Islands whose names
are given above by a party consisting of Mr. Hume, Dr. Stoliczka and myself. Although
the time at our disposal did not admit of extended exploration, still an opportunity was
afforded of checking the accuracy of the accounts which have been previously published.

Having consulted every notice of these islands which, so far as I have been able to
ascertain, have hitherto been published, I have been astonished to find how inaccurate has
been the information upon which the accounts in Geological Manuals and other works have
been founded.

In the present paper I have devoted several pages to an abstract of these accounts, and
have pointed out the errors and traced, so far as is possible, their origin.

Dr. Liebig’s paper on Barren Island which contains the fullest and most accurate account
of the island hitherto published, does not appear to have reached the hands of several
authors who have since its publication repeated the old statements in their works.

Barren Island and Narkondam are two volcanic islands situated in the Bay of Bengal
at a distance of 70 miles from one another on a north-by-east, south-by-west line. They
constitute links which connect what is known as the Molucca band with the volcanic region
of Arracan and Chittagong, and of which Mrs. Somerville has written as follows :—

“One of the most terribly active groups of volcanoes in the world begins with the
Banda groups of islands, and extends through the Sunda groups of Trimor, Sumbawa, Bali,
* Java, and Sumatra, separated only by narrow channels; and altogether forming a gently
curved line 2,000 miles long; but as the volcanic zone is continued through Barren Island
and Narkondam in the Bay of Bengal and northward along the Coast of Arracan, the entire
length of the volcanic range is a great deal more.”

Dr. Hochstetter carries the line of elevations which accompanies the zome of volcanic
action still further, in an oblique S. form, through New Guinea to the north of the
Australian continent. “It forms in New Ireland, the Solomon Islands, New Hebrides and
New Zealand a curve, concave towards the west, the small group of the Macquarie Islands
being possibly considered as the extreme southern end of this curve.”

So far as is known, there are no volcanoes in either the Nicobar or Andaman Islands,
Tt has been by some supposed that the hill on Bompoka in the Nicobars and some of the
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high ground in the great Nicobar might be volcanic, but the evidence is rather against than
in favor of this view. Plutonic rocks (diorite and gabbro) mot unfrequently occur how.
ever in both islands. A statement made in an old account of the Cocos, that the little Coco
is formed of volcanic rocks, is quite without foundation.

Barger IsLanp, Lat. 12° 17, Long. 93° 54"

History of the island derived from previous notices.—In the table appended I have
given a précis of all that has been published on the subject of Barren Island ; but a-few

additional remarks tracing out the way in which certain inaccuracies have arisen seem to
be desirable.

The first account was by Captain Blair, in his report on the Andaman Islands, dated 1789.
I have not seen the original document, but the account was extracted and reprinted by
Lieutenant Colebrooke in the Asiatic Researches. It has served for many years as the text
upon which the descriptions published in various Geological Manuals have been founded.

Captain Blair gave the height of the central cone at nearly 1,800 feet, and the angle of
the slope at 82°17’. Were it not stated that the cone was equal in height to the outer walls
of the surrounding part of the island, we might, in consequence of Blaire’ oft proved
accuracy as an observer, be disposed to believe that at the time of his observation the cone
was nearly double its present height. That there has not been a general subsidence of the
island to the extent of 800 feet is proved by the fact that the base of the cone was then, as it
is now, but little raised above the sea level. Blair himself states that it may be seen at a dis-
tance of twelve leagues in clear weather, which would only require an elevation of about
920 feet. I can only suppose, as an explanation of the difficulty, that Blair took several
heights which varied between 800 and 1,000 feet, and that these, by some error, came to be
written together as 1,800.

The angle of inclination of the sides of the cone is given by Blair at 32° 17*. This
nearly corresponds with the mean of my observations, which ranged between 32° and
35°. These angles also agree with those on a photograph which I possess. Dr. Licbig,
Dr. Playfair and others bave given it at from 40° to 45°.

The sketch by Lieutenant Wales given in Lieutenant Colebrooke’s paper, save that it
represents an inclination of about 60° to the sides of the cone, conveys the best idea of the
island of any of the nnmerous figures which have been published. It was reproduced by
Von Buch, and copied from him by Sir Charles Lyell, Dr. Daubeny, Dr. Buist, &. Von
Buch, in his “ Memoir on the Canary Islands,” gives the height of the cone at 1,690 Paris feet.
His account, though apparently derived from Lieutenant Colebrooke’s paper alone, contains
the statement that the sea penetrates into the circle at the base of the cone. Thiscan only
have been due to some misapprehension of the meaning of Blair'’s words, which were as
follow: ¢“The base of the cone is the lowest part of the island and very little higher than
the level of the sea.”

Sir Charles Lyell, in the earlier editions of the ¢ Principles,” framed his account from Von
Buch’s. In the changes from English into French, and back again into English, tke elevation
of the cone became increased by 48 feet, standing in the 7th edition of the *Principles’
(1847) at 1,848 feet. It is also there stated that the circular basin inside is filled with the
waters of the sea. In the 9th Edition, 1853 (I have not been able to refer to the 8th), Captain
Miller's estimated elevation of 500 feet is adopted instead of the former one ; but the statement
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regarding the sea inside still remains. In the 10th Edition (1868) Captain Miller's estimate
of 500 feet, as the height in 1834, is retained ; but it is stated that according to Von Liebig
in 1857, both the cone and outer crater were about 1,000 feet high, and in reference to the sea
we find the following: “In some of the older accounts the sea is described as entering the
inner basin, but Von Liebig says it was excluded at the time of his visit.” I believe this
statement regarding the sea to have arisen solely in the way I have pointed out. It is
important that there should be a clear representation of the case, as otherwise it might be
concluded that we have evidence of the rising of the island within the historical period.

The next account to that by Blair is by Horsburgh, about which there is nothing parti-
cular to remark here, save that he asserts that in 1803 the volcano was very active (see
table).

Dr. J. Adam’s account is derived from information and specimens received from a
friend who had landed on the island in 1833. He speaks of the stones on shore hissing and
smoking, and the water bubbling all round them. The statement has apparently been under-
stood by one writer to indicate that the lava had not then cooled down. But the hot spring
was probably quite sufficient to account for the phemomena observed. This is the first
mention made of the hot spring. The author supposes that the volcano is only active in
the south-west monsoon, 4. 6., requires water to bring it into a state of activity. Apart
from other considerations, it is only necessary to say that the only authentic account of it in
a really violent state of eruption is by Blair, who saw it on the 21st of March, and therefore
not in the south-west monsoon. Captain Miller’s account is very inaccurate in several respects.
He has given the height at 500, and the angle at which the cone rises at 45° or even more.
If the elevation of the cone in his time were only so much, then, since he states that this
was also the elevation of the outer walls or amphitheatre, both must have increased pari
passu. This view is of course untenable, and we are forced to believe that Captain Miller
only gave a rough guess. His remarks on the vegetation are quite inconsistent with one
another, for he says,—‘“there is no vegetation of any kind within the amphitheatre, but
a few small trees are found on other parts of the island, which, however barren it may
have been at one time, is now well wooded.”

Dr. Daunbeny, in his description of Barren Island, though quoting from Lieutenant
Colebrooke, gives the elevation of the cone at 4,000', which must have been due to a clerical
error. A somewhat modified reproduction of the original sketch is given.

Mr. Scrope, in his work on Volcanos (2rd Edition, Lond., 1862), writes regarding
Barren Island: “This permanently active voleano is a cone about 4,000 feet high, rising
in the centre of a circular cliff range, which entirely surrounds it except at ome point
where the sea has broken in.” Though the authority is not given, it is evident that this
account is derived from Dr. Daubeny’s, as the elevation is mot given at 4,000' in any
other work. .

In 1848 the island appears to have been visited by the Danish corvette Galathea, but
the only record of the fact which I know of is an inscription on & rock on the island—
“ QALATHEA, 1848.”

In the Bombay Times for July 1852, on the authority of Dr. Buist, it is stated that
the volcano was very active, but I have not been as yeot able to refer to the original
account.

The chief points in the accounts subsequent to the above will be found incorporated

below. Dr. Playfair, Von Liebig, and the Andaman Committee agree in estimating the
angle of the cone at 40° to 45°, and the elevation at from 975~980 feet.
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From the preceding we may gather the following. The volcano has probably not been
in violent eruption since the years which closed the last and commenced the present century.
The lava-flow which stretches from the entrance open to the sea to the base of the cone
was probably poured out during this period, and raised the level of the encircling valley
some 40" above its elevation in 1789, when Blair saw it. He makes no mention of a lava
stream in his time. If it did not exist then it cannot—as has been supposed by some—have

been instrumental in the formation of the entrance. That this fissure was probably due to
other causes we shall presently see.

From Lieutenant Wales’ figure it is apparent that no material change has taken place in
the general configuration, and as it has been shown that 1,800 feet cannot bave been the true

height, and about 920 probably was, no great alteration in the level is likely to have
taken place.

General appearance of the Island.—Seen from any side but the north-west, Barren
Island appears as a nearly flat-topped hill with numerous spurs running down into the sea.
From some aspects, however, the top of a central cone with a column of smoke rising from it
is discernible.

As the north-west side opens up to view, it is first realised that the island consists of
a circular ridge forming a huge amphitheatre, which is broken down at one side for a dis-
tance of perhaps 150 yards to the level of the sea. The view obtainable through this entrance
discloses a bare cone which rises from the centre of the valley. Except at a sort of shoulder
not far from the top, and at two peaks close to the summit, no rocks are seen on this cone,
its smooth sides being covered with grey ash and occasional strings of shingle. Towards the
top some whitish patches are seen, due to the presence of gypsum mixed with the ash.

The total diameter of the island is, on the authority of Lieutenant Heathcote, 2,970 yards.
The circuit of the island, from the time it took us to row round, I estimated at about six miles.

The high encircling ridge is formed of somewhat irregularly deposited layers of lava, ash
and conglomerate, which dip away from the centre. A section of these may be seen on the
left hand of the gap or entrance, and others at various points on the sea-face, no two of
them corresponding exactly in character.

These beds or layers generally dip at angles of 85°-—-40° which inclination appears
to be oontinued steadily under the sea, as bottom, except at one place, has not been found
with a line of 150 fathoms at } of a mile from the shore. This steepness has been un-

favourable to the formation of a fringing reef of coral of any magnitude, such as we find
surrounding some of the Andaman and Nicobar groups.

The elevation of this outer ridge varies somewhat in places, but it probably nowhere
is much in excess of 1,000 feet. Its highest points are towards the south and west.

The appearance presented by the inner scarped face of this amphitheatre is very
peculiar. In several places cornice lines mark the position of particular beds, but a
purplish grey, or in places brownish, ash spreads over the steep slopes, except towards the
south-west and west, where there are some trees and shrubby vegetation. To the north, south
and east a few tufts of grass—generally arranged in long vertical lines, the first being a sort
of protection to those below it—are the only plants which have managed to establish a footing
in the loose ash.

The outer slopes facing the sea are for the most part covered with a luxuriant vegetation,
in which large forest trees may be discerned. These latter attract covsiderable numbers of
fruit-eating pigeons (Carpophaga bicolor).

From its composition and cbaracter, it is evident that this ring of cliffs is the remnant
of the original cone which gradually rises from below the sea. Its top and a portion of the

- | )
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side were, no doubt, blown off by a violent eruption, and the present cone was subsequently
formed inside.

For a long time Barren Island was considered by Von Buch and others of his school
as a most favourable example of his elevation theory of craters.

The gap or fissure in the surrounding walls bears about north-west-by-west from
the centre of the island. It is the only place where an entrance can be obtained to the central
valley.

Hot Spring.—Close to the landing place, there is a hot spring which has been mentioned
in several of the accounts of the Island. Dr. Playfair found the temperature to exceed 140°,
—the limit of his thermometer. Dr. Liebig’s thermometer was only graduated up to 104°,
but judging from the feel to the hands, he estimated it to be near the boiling point. The
Andaman Committee record it at from 158° to 163°. At the time of our visit the highest
temperature of the water where it bubbled out of the rocks, close to high watermark, was
130° F. We failed to boil some eggs in it which we had brought with us for the purpose.

The water is perfectly clean and sweet,* and there was no trace of sulphureous vapours.
Strange to say, where, though mingled with the sea, it was still too hot for the hand to be
retained in it with comfort, there were a number of brilliantly colored fish swimming about.

Facing the landing place is the termination of a flow of lava which extends backwards
from this for about a mile to the base of the cone, round which it laps for perhaps § of the
circumference. The height or thickness of this flow of lava is about 10 feet at first, gradually
rising to 50 feet where it emerges from the base of the cone. The upper surface is deeply
cleft and covered over with blocks of black cellular lava which rest upon one another in con-
fused piles. Sometimes they are poised so insecurely on one amnother that it is a matter of
some risk to attempt scrambling over them. Towards the base of the flow the rock from its
slower cooling is more compact and less cellular. In places it contains white crystals of a
mineral resembling leucite. In others it is a true basalt with numerous crystals of olivine.

As pointed out by Dr. Leibig, the older lava seen in the section of the ridge differs from
this ; it consists of a reddish matrix with crystals of felspar (probably sanidine), olivine, and
augite. A somewhat similar rock ocours on Narkondam.

On our way to the central cone from the landing place we at first endeavoured to avoid
the rough surface of the lava-flow by keeping on the slope of the gap; but after a short
distance the bushes and unevenness of the ground compelled us to strike down on the lava,
when we found, to our astonishment, a sort of path which must have been made by the
committee sent from Port Blair to report upon the grass.

Arrived at the foot of the cone, we commenced the ascent from the west. The loose
ashes and shingle rendered it somewhat toilsome work ; and those in front found it difficult
to avoid loosening fragments of lava which bounded down the hill in a most unpleasant way
for those who were following.

Dr. Liebig appears to have ascended from the north side, where it seems to have been
equally difficult.

About } of the way from the top there is a shoulder of rock which shows very well in
the photograph. This probably marks the position of an old vent. There is a good deal
of firm ground about it.

The summit of the cone is truncated, and contains an oval-shaped depression, one-half
of which is partly filled with débris, and the other, some 20 yards in diameter and 50 feet

* The Andaman Committee do not appear to have realised this fact, as they speat no little time and trouble
in excavating a well without finding a trace of water.
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deep, has a circular bottom, which is filled with sand. This appears to have been the last
crater formed on the island.

The two principal edges of the depression strike to north-west, south-east ; they consist of
ash permeated with fibrous gypsum (selenite) ; numerous cracks and fissures occur in this
part of the hill, and the ground is hot. On turning over the surface, the sides of these
cracks are found to be encrusted with sulphur, resting upon the rugosities of which small
detached crystals of the same mineral were not uncommon. From the highest point on the
northern edge a thin column of white vapour and sulphureous fumes is slowly poured forth.
Even when standing in its midst, the fumes did mot prove so irritating a might have been
expected.

On the southern side of the crater there is some solid lava ¢n sifx, and on the west there
is a peculiarly shaped mass which forms a conspicuous object from below. Some of the lava
here has a reddish matrix and is somewhat vesicular. I also found some basalt, the outer
surface of which was weathered into a white crust.

It seems probable that the nucleus of the cone is solid rock to a considerable extent, the
ashes seen at the surface being only superficial.

By following water channels when they were to be found, and glissading over the ashes,
the return to the base of the cone was effected speedily and without much difficulty.

By a small watch-aneroid supplied with a Vernier scale for feet, the height of the cone
is 950 feet; but as one heavy storm of rain had passed, and clouds portended another, 1 am
willing to believe that owing to the atmospheric disturbance the observation was not trust-
worthy, and that from 975 to 980 feet given by Lieutenant Heathcote, Dr. Liebig and others
is the true elevation. The temperature on the top was 83°.

The diameter of the base of the cone is 2,170 feet according to Lieutenant Heathcote.
The slopes of the cone incline, according to my observation, at angles varying between 30°
and 35°. Blair gave it at 32° 17', or about the mean of these two. Other observers say 40°
to 45°, but the photograph of the cone shows that the former is correct.

Dr. Liebig has discussed the question of the amount of sulphur obtainable on the island.
He seems to think the chances of finding a permanent supply very doubtful, but recom-
mends a preliminary trial.

Considering the great expense which keeping up constant communication with the
Andamans and the superintendence of convict labour would involve, I cannot see tha¢
there is any prospect of the collection and refining of the sulphur being made to pay.

So far as is known, the substance occurs only at the summit of the cone, though, doubt-
less, if the right places could be found, it does also occur lower down. But in such places,
it could only be as an old deposit which, on being worked out, would not be replaced again.

On the summit the deposit, so far as I could see, proceeds very slowly, certainly not with
sufficient rapidity to keep laborers constantly employed.

NargoNDaM, Lat. 13° 24'; Long. 94° 12,
History and previous notices.—So little has been published regarding this island thata
few lines will suffice to dispose of all that has ever been recorded regarding it.

In 1795 it was passed by Colonel Symes* when on his voyage to Rangoon, whence he
started on his embassy to Ava. He speaks of it as “a barren rock rising abruptly out of
the sea and seemingly destitute of vegetation.”

¢ Embassy to Ava, Vol. I, 1827, p. 167,
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Dr. McClelland, writing in 1838,* says: “It is a volcanic cone raised to the height of
7,800 feet. He gives a sketch showing the figure of the cone, the upper part of which is
quite naked, presenting lines such as were doubtless formed by lava currents descending
from the crater to the base, which last is covered with vegetation.” No soundings are to be
found at the distance of half a mile from the shore. This account is reproduced by Mrs.
Somerville, Dr. Daubeny, Dr. Buist and Mr. Scrope.

Horsburght says—Narkondam may be seen about 14 or 15 leagues from the deck, and
appears in the form of a cone or pyramid with its summit broken off; it is bold and safe to
approach all round.

Mr. S. Kurz, in his report on the vegetation of the Andaman Islands, writes: * Narkon-
dam Island has an extinct volcano remarkable for the great height of its cone, being twice as
high as its outer wall. Owing to the great height of the cone (perhaps 2,000 feet) in pro-
portion to the surrounding wall, this island must have sunk very much, or the volcano must
have been formed from a comsiderable depth in the sea.” Mr. Kurz gives an outline
sketch of the island as it appeared to him from a distance of 20 miles.

In a paper on the geology of the neighbourhood of Port Blair, I made & few remarks
on the appearance of Narkondam as seen from a few milcs distance. In it I accepted the
height of the cone, 2,150, given on the chart, as authentic. This, it will be seen by the
sequel, I do not now adopt as correct. In the Indian Observer for the 10th of May a short
account of the present visit will be found.

Viewed from the north-west at a distance of about 4 or 5 miles the island of Narkon-
dam appears to consist of a tolerably regular cone which rises from an interrupted ring of
irregularly piled masses. The apex is somewhat truncated, but has three distinct peaks. On
the occasion in 1869 when I first saw the island a dense mass of cloud rested on the top, and
I was unable to make out the character of the summit. But when subsequently seen, it was
observed that there were three peaks as represented in the sketches published by Mr. Kurz
and Dr. McClelland. The upper parts of the cone and the sides for more than half way
down are deeply furrowed by ravines, and what appears to be a low scrub jungle spreads
uniformly over the island save upon some vertical scarped faces.

‘With the general consent of those who have seen it, the conical form has been accepted
as a proof of the volcanic character of the island. Dr. McClelland, as noted above, speaks of
the lined appearance being “ doubtless formed by lava currents descending from the crater to
the base.” These lines are, however, simply the result of erosion, and mark the position of the
watercourses.

The elevation of the summit of the cone has been variously estimated at from 700 to
2,150 feet. Since however, according to Horsburgh, the island first becomes wisible from the
deck of a steamer at a distance of from 14 to 15 leagues ; it is probable that about 1,300 feet
would be nearer the true altitude, and such indeed, judging by the eye, appears to be a very
fair estimate.

On the occasion of our visit we landed in a small bay on the north-west side of the island.
At about 100 yards distance from the beach the water became so shoal that we were compelled
to land on a raft. We soon found that the jungle which, in the distant view, appeared to con-
sist mainly of low scrub was really composed of large forest trees with a thick undergrowth.
80 dense was this, just above high water mark, that at first it seemed probable that it would
be impossible to penetrate it. Added to the natural density of the jungle, another obstacle
was presented by the prostrate condition of many of the trees, which in their fall had carried

* On the difference of level in Indian Coal-flelds, J. A, 8. B. VII. Also in the Coal Commmittee’s report, and in
Corbyn’s Indian Review.
4 Indian Directory, 5th Ed., Vol, 11, 1843, p. 66,
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down tangled masses of creepers and the lower vegetation. It soon became apparent that at
no very distant period a violent hurricane or cyclone must have swept across the island,
An entrance was at last found, and for three hours, cutting our way and making con-
stant detours to avoid fallen trees, we endeavoured to force onwards to the summit, but
were at length compelled to give up all hope of succeeding and returned to the beach.
Further evidence of the hurricane was there afforded by numerous fragments of a wreck
which had been thrown up on the sand. Subsequently this storm was identified with one
which took place on the 26th of October 1872, and did much damage in the Cooos Islands
and other parts of the Bay.

The only rock seen where we landed was a conglomerate, or boulder bed some 50 feet
thick. The boulders consisted of a trachytic porphyry which contained sanidine, augite, and
mica in grey or pinkish matrices. We discovered no evidence whatever of recent lava or
basalt occurring, though either or both may exist, as our observations were confined to one
small bay.

Notwithstanding the luxuriance of the jungle which included species of Ficus, Palms
(Caryota), Acasia, Calosanthes, &o., no fresh water was discovered.

Much remains to be done in the exploration of this most interesting volcanic island.
It is particularly desirable to ascertain whether there is really a crater at the summit, and
whether there are any traces of recent lavas.

Future visitors would do well to provide themselves with some wood-cutters. They
should land near the northern spur, and getting then on the steady rise, they will probably
find no insuperable obstacle on their way up.

STRAY NOTES ON THE METALLIFEROUS RESOURCES OF BRITISH BUuRMAH, by W. THEOBALD,
: Geological Survey of India.

Though little that can, strictly speaking, be called precise information respecting the
mineral wealth of Burmah exists, either as regards the value or extent of its presumed
mineral sites, yet it may be not without interest to give a brief sketch of what stands
recorded on the subject, leaving for future investigators the task of sifting these statements
and determining the importance in an economic point of view of each separate locality.

A general impression is undoubtedly prevalent that considerable metalliferous resources
exist in Martaban and Tenasserim, and that it only requires a thorough examination
of these districts to establish the fact in a manner sufficiently clear and precise to
tempt the European speculator and capitalist into the field, and originate a new and thriving
branch of industry which would soon prove of great value to the province. Unfortunately,
nothing very tangible is known, though the matter has never been quite lost sight of, and has
attracted the attention of district officers, among whom Mr. O'Riley in Martaban, and
Major Malcolm Lloyd in Tounghoo, may be prominently mentioned. A serious cause, however,
of error, and of a too favourable view being taken of the productiveness of a new mineral
locality, lies in the fact that undue importance is too commonly attached to the result of an
analysis of a small specimen, which in reality affords no criterion whatever of the value
of the discovery in an economic point of view, since the actual richness of the ore is perhaps
the least important element to be considered ; the two far more important points for con-
sideration being the amount of ore procurable, and its position as regards water carriage,
and other facilities for its extraction and reduction. Of course, all other conditions being
equal, a rich ore is more valuable than a poor one; but the mere analysis of a small specimen
of ore, how rich soever it prove, is no criterion whatever of its economic value, or whether it
can be profitably worked. A reduced copy of Mr. O'Riley’s map of Martaban, showing
mineral sites, is published herewith for general convenience.
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The only ores which need be noticed for practical purposes are those of iron, tin, lead,
copper, antimony, none of which, save iron, are known to occur West of the Sittoung,
bat are confined to the belt of country running up from the British boundary on the
Pakchan creek in Latitude 10° North to the frontier in Latitude 19° 30’. This tract of
country differs essentially from the ground West of the Sittoung, the former being composed
of several groups of beds of Palwmozoic age, both altered and unaltered, together with meta-
morphic rocks seemingly azoic, the whole being traversed by granite and elvan dykes and
pierced by numerous hot springs, whilst the latter is wholly made up of Secondary and
Tertiary rocks, the newer greatly predominating; and wherein intrusive rocks are next to
unknown. Physically also, and as regards climate, the country East of the Sittoung differs
o less from that West of the river, than it does geologically. Martaban is essentially a
mountainous country with lofty chains stretching in a north-north-west direction, some of
whose peaks rise to 6,000 or 8,000 feet, and would afford some of the most charming sanitaria
in India were they only a little more accessible to those who might be benefited by a resort
to them. As a result of the geological constitution of the ground, copious and perennial
springs abound and give rise to a charming verdure and coolness even over the lower
elevations to which I know of no parallel elsewhere; and though said to be unhealthy (how
truly I know not), the pine forests of the Youzalin are among the coolest and pleasantest dis-
tricts, as far as temperature goes, which India can offer. It is this very district which, according
to common report, teems with mineral wealth; but a most unfortunate drawback to its proper
investigation is its wildness and want of population, which means also want of roads of
any sort, and difficulty in the matter of supplies, not to allude to risk of sickness (a common
concomitant, among camp-followers at least, on a greatly reduced temperature), and the attack
of plundering bands, which find a sort of happy hunting ground along all this difficult wild
country adjoining on the Karen-ni and Zimmay territories; traders and travellers being
the special victims of these freebooters. The regular dacoit, moreover, is not the only
‘conveyancer’ to be dreaded; as it was but little more than a year ago that the entire police
guard escorting some treasure, belonging to a trader, appropriated the money and then
humourously stepped across the frontier with their arms, accoutrements and all as they
stood, heedless of the feelings of disappointment, if not shame, which their doing so must
have caused their comrades whom they left behind.

Iron.—Excellent ores of this metal occur both in Pegu, Martaban and Tenasserim,
and in former days were smelted by the Burmese, but the manufacture is no longer to my
knowledge carried on in British Burmah, though iron is still made in Upper Burmah,
near Puppadoung, from ores similar to that formerly used in the Prome district. In Pegu
(Eastern Prome) the ore occurs in the form of concretions of an earthy hydrated peroxide
disseminated through the newer Tertiary beds which are there so extensively developed, and
of which an account is given in the Records of the Geological Survey of India for 1869, page
83. East of the Sittoung the ore usually met with is the magnetic, a mixture of the
protoxide and peroxide, often occurring in thick beds or lodes, and a valuable ore for smelting.
Specular iron also occurs as an integral constituent mineral in some of the crystalline schists,
and has from its brilliancy been mistaken for galena.

Mr. O'Riley remarks that “iron occurs abundantly in the lower ranges of the hills to the
east of this station” (Shuay Ghyin), and the same valuable ore, the magnetic oxide, is known
also to occur in Tavoy ; but these deposits will probably not prove remunerative to work for
many years, or till the difficulties which of late have threatened mining industry in England
shall have become more weighty and confirmed.

Tin.—This metal is unquestionably the most important commercially of any produced
within our Eastern possessions. Though beyond some workings near Malee-wan on the
Pakchan river, near Latitude 10° 10’ North, the ore is nowhere systematically worked
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on a large scale within British territory. South of the Pakchan stream the richnees
of the tin washings derived from the degradation of a stanniferous granite, in which the
tinstone occurs as one of the integral constituents of the rock, is well known, and reference
may be made for information connected with this question to a report of Dr. Oldbam,
published in Selections from the Records of the Government of India, No. 10, page 56.

But the fact of most interest a8 regards British Burmah is, that this stanniferous granite
and its associated deposits of stanniferous gravel, stretches up as far north as the parallel of
Tounghoo, east of which station on the eastern slopes of the Pounglong Range, the metal has
from time immemorial been worked by the Karen-ni, or Red Karen tribes within whose terri-
tory it lies. Tin ore has long been known to occur in the streams discharging into the Henzai
basin in Latitude 14° 40' and also at “Chando near Palouk, about two days journey from
the sea, halfway between Mergui and Tavoy” (vide Gleanings of Science, vol. I, page 143);
but how far to the north of Tounghoo this stanniferous granite continues, is not known, though
as likely as not for 500 miles or more. As the tin works above alluded to at Kamapew, are
some 2 miles beyond British territory, it is very important that Mr. O'Riley has traced the
ore across the range of hills into the drainage basin of the Sittoung; and to Mr. O'Riley
belongs the credit of having first drawn attention to the above fact. His words are
as follow: “Tin: of the existence of this metal within the area of this district, I was
convinced from having traced the stanniferous formations of the * Kaimapyu” which fall
into the Salween, across the ranges of hills, whose drainage flows into the Sittang valley, and
on forwarding to the Karens specimens and instructions, I was enabled to procure the
specimens A. B.” Of course Mr. O'Riley may have been misinformed, and the specimens
in question may in reality have come from the Eastern, Salween valley, side of the hills
and not from the British or Sittoung side; but as Mr. O'Riley was fully aware of the
importance of this point, I am prepared to believe his statement in this particular to be
correct. Mr. O'Riley goes on to add: “ The specimen A exists in the hills north of the
Youkthwah river, within the Tounghoo district, and the other, in the head waters of the
main stream.” I myself received some corroborative testimony to the same effect, when
examining some hot springs in the lower part of the Youkthwah river; butnothing is actually
known of the precise locality where the ore exists, mor can be till some one is specially
deputed to examine the question. Major Malcolm Lloyd, Deputy Commissioner of Tounghoo,
has much interested himself with the resources of his district, and has furnished me with
the following itinary from Tounghoo to Kay-mah-pew, from which the difficult nature of the
intervening country may be inferred, since the actual distance from Tounghoo is probably not
much over 45 miles, On the last march the British boundary is crossed about the fourth mile.

Route from Tounghoo to Kay-mah-pew.

Miles.

Tounghoo to Khoung-nouk-kwa . . .. . 18
Khoung-nouk.kwa to Paylawa . . .. .. 8
Paylawa to Bogallee . .. . . . 8
Bogallee to Nothedos = .. . . . . 10
Nothedoe to Mobwaydo .. . .. . . 10
Mobwaydo to Ivoobo . . . . . []
Ivoobo to Kadowboe . .. .. . .. 16
Kadowboe to Kay-mah-pew . . . o 15
o1

S

The current price of tin ore in Tounghoo used not to exceed, as I am informed by
W. Usher, Esq., Rs. 185 the hundred viss (about 376 lbs.); but latterly the price has
risen to Rs. 205 and even to Rs. 230 for choice lots, the same realizing Rs. 250 in Rangoon.
As the carriage from the mines to Tounghoo is at present wholly by coolies, it seems desirable

e — - e
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to ascertain if no alternative route can be devised by the Salween to Moulmein, making use
of water carriage for part of the way.

GALENA.—This ore is known to exist in numerous spots in Martaban and Tenasserim,
and is usually argentiferous to the extent on an average of 12 ounces of silver per toun of
lead, taking as a guide the first six analyses of the subjoined table. In this respect the
galena from Bamo and Upper Burmah is far richer, the mean of three samples from Bamo,
giving 78 oz. 17 dwts. of silver to the ton of lead, the poorest yielding 58, and the richest
104 ozs.

Table exkibiting the amount of silver in ounces per ton of lead, from samples of Galena
Jrom various parts of Burmahk.

oz. dwts. gr.
1. Galena Martaban T ] 8 0
2 Do. do. 5 14 (1]
3. Do. do. 9 ()] (1]
4, Do. Tavoy 16 7 19
5. Do, Moulmein v 19 5 14
6. Do. Tounghoo 20 8 7
7. Do. Bamo - 83 14 8
8. Do, - Bamo (Ponsee) ... e . 73 10 [}
9. Do. Bamo (Kyet-yo) ... . 104 10 16

Nine localities where galena occurs are marked in the sketch map of Martaban by
Mr. O'Riley, ranged generally on a north-north-west line of bearing, coinciding with the
general direction of the hill ranges, and extending over a line of country some 90 miles in
length. Mr. O'Riley describes the ore as occurring in the mountain-limestone formation
of the district, which is that also to which the magnificent and picturesque limestone hills
near Moulmein, and along the Salween belong, but he does not say if the ore occurs dis-
seminated in the rock, or in the form of a true mineral vein or lode. From what I have
remarked on the north-east of Tounghoo, at the spot whence Major Lloyd procured his
galena, I am inclined to think that it may occur on both ways, as it is there ratler doubtful
if there is a true vein, whilst on the Salween valley, the accounts would certainly suggest
the existence of lodes.

T am sorry I cannot give any account of the attempts which have been made by private
parties to work the lead and silver of Martaban, but much reticence is naturally observed
on such a subject, either from a feeling of distrust or of vexation at the unfortunate results
of crude attempts and hasty speculation. Nothing that has as yet been done, however, can
be considered as conclusive either for or against the practicability of bringing these ores
into the market. At present the wild state of the country seems to me the main obstacle
to arriving at a satisfactory conclusion on this subject, from the sparsemess of population
and consequent inability for any one to properly scrutinize these impenetrably clad hills.

Correr.—Four specimens of copper ore were procured by M. O'Riley, three of them
from the same localities as the galena, one of them from the hills east of the Sittoung
River, and all consisting of “the ordinary copper pyrites, both arsenical and combined with
sulphur and iron.” I have not myself been so fortunate as to procure any undoubtedly
Martaban copper ore, save pieces brought to me exhibiting traces of that metal in the form
of green carbonate associated with iron or lead ore, to the extent, and no more, of implying
the presence of a small portion of the more valuable metal in the mass. Not far from Moal-
mein on the Ataran River, I have seen heaps of slag which some believed to be old copper
workings ; but an analysis shows that the slag does not contain so much as a trace of copper, and
indicater merely the former presence of iron works, abandoned before the memory of the
existing inhabitants.

An extremely interesting specimen of copper ore of a somewhat novel composition was
procured by M. O'Riley from some spot on the Yoonzalin River, said to be accessible for boats.
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Mr. Waldie, who analysed it, describes it as a new mineral species under the name O'Rileyite,

in the Proceedings of the Asiatic Society of Bengal for 1870, page 279. Two analyses of the .

samples were made as below, the first being that of a sample forwarded om the 24th July,
the second, which differs slightly, a sample forwarded subsequently : —

Copper ... 17000
Silver . 0008
Iron .. 98470
Artimony e .. 1150 ~
Arsenic e . 32700
Sulphur .. 14860
Earthy matter ... .. 0500
Deficiency and loss ... 10664

10000

L

T'he silver in the above sample is equal to 314 ounces troy per ton. The large amount
of loss, however, (presumed to be mainly arsenic) was unsatisfactory, and Mr. Waldie, there-
fore, made a careful analysis of a second sample of the same mineral, forwarded by
M. O'Riley on the 10th of October, with the following results :—

Bpecific gravity: In small pieces 7-343: In powder 7:429.

Copper . ... 12718
Iron .. 4212
Autimony . 0054
Earthy matter ... . 013
Ozido of copper... .. 12l
» lead .. !‘89}&,]“5], fn dilute
Arsenious acid ... ... 113( hydrochloric acid.
Protoxide iron ... w197
Loss e 048
10000
g

Indications of the presence of copper, in the shape of stains of the green carbonate, are
also occasionally met with; one such being recorded in the Geological Notes by Captain
W. Foley, in the Bofoung hills, 80 miles north-north-east from Moulmein (Maulamgeng) ;
his words are: * Silver ore is said to exist in a limestone rock at this place ; and Jjudging from
the numerous excavations that had been made by those in pursuit of the precious metal, no
little labour has been used in the endeavour to discover it. I had neither time nor opportunity
for ascertaining whether silver ore does so exist. Pieces of copper green, iron pyrites, and
lead ore deemed useless and cast aside by those in pursuit of silver were strewed about the
place, and for the first time, in this part of the world, I observed antAracite dispersed in
thin seams through the limestone rock.”

From this interesting passage, I should iunfer that extensive diggings for galena had
been made here, as in a note the rejected lead ore is said to be the “ arseniate,” possibly iden-
tical with phosphate of lead containing arsenic, which has recently been received in the
laboratory of the Geological Survey for analysis from the Martaban district.

ANTIMONY.—Antimony occurs associated with galena in Martaban, but is nowhere
worked in British territory. Metallic antimony, however, is imported to a small extent from
the Shan States, and is probably used as an ingredient in the alloys of copper and silver
which are worked up for ornaments by the Shans, who excel in all sorts of metal work. Anti-
mony does not seem to receive much attention as a metal, though the powdered sulphide is
largely used throughout the East as a collyrium under the name of soorma, the applieation
of which along the eyelid, in the shape of a fine black powder, is supposed to enlarge the
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apparent size of the eye and add to its lustre and beauty. In India at least, however, no
discrimination seems to be made between the sulphide of antimony and ordinary galens,
which goes also by the name of soormak.

GoLp.—Though of slight economic importance, gold occurs in most parts of Burmah,
but is very little worked within British territory, which I attribute to the higher and more
certain remuneration there obtainable for agricultural or other labor; and gold working is,
therefore, pursued mainly in bad seasons, or as an exceptional means of industry taken up
merely now and again,

I am not aware of platina having been discovered in British Burmah, but as it is known
in Upper Burmah under the name of Shwaybeen (white gold), it probably, I think, will be
found in Pegu also, but perhaps in too fine a state of division to be independently separated.

In Volume III of the Gleanings of Science a very interesting analysis of a platina
‘button’ from Ava is given by J. Prinsep, which I here transcribe in proof of the actual
occurrence of the metal, which might also be doubted :—

Platina ... . 25
Gold .. " . 8
Iridium and osmium . . 40
Iron ... . 10
Arsenic and lead ... . 20

oo

The sole use the metal is put to is as an alloy, the only form of course in which the
Burmese are capable of manipulating it. The proportion of the metals iridium and osmium
i8 remarkable; and additional samples from Bamo are much wanted for analysis, but such
are scarcely procurable save on the spot.

An impure earthy cobalt containing manganese was many years since procured by my-
self near Henzai, but I could learn no particulars beyond the above rather vague one of
locality. It was & nodular mass of a black color enveloped in white clay, not more than an
ounce in weight altogether.

The above remarks are all that I need offer on the sabject, my intention being solely
to point out in a brief manner what previous observers have recorded on the subject of the
metalliferous wealth of Burmah. '

DONATIONS TO THE MUSEUM.

FroM 1sT JULY To 30TH SBPTEMBER 1873.

Aveus? 20tH.—An ancient stone implement found by a native at Terabag near Mokachabri,
presented by C. BeowNLow, EsqQ., CACHAR.

ACCESSIONS TO LIBRARY.

Frou 1st JuLy To 30rH SEPTEMBER 1873.
Titles of Books. Donors.
BieRANDE, JoacHIM.—Crustacés Divers et Poissons des Dépdts de la Bohdme, (1872), 8vo.,
Paris.
THE AUTHOR.
DrrrssE, Moxs1RUR.—Les Oscillations des Cotes de France, (1872), 8vo., Paris.
Ditto.
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Titles of Books. Donors.
HeNDERSON, G., AND HUME, A. O.—Lahore to Yarkund, (1873), 8vo., London.
DEPARTMENT OF AGRICULTURE, REVENUE AND COMMERCE.

Moig, J.—Original Sanskrit Texts on the origin and history of the People of India, Vol. IV,
(1873), 8vo., London.
Hoxe DEPABTMENT.
MiLLEr, F. Max.—The Hymns of the Rig-Veda in the Pada Text, (1873), 8vo., London.
Drrro.
MirLER, F. Max.—The Hymns of the Rig-Veda in the Samhita Text, (1873), 8vo., Londor,
Dirro.

QuETELET, A.—Notices extraites’ de I'annuaire de I'observatoire Royale de Bruxelles pour
1873, (1873), 12mo., Bruxelles.

THE AUTHOR.

Report on the Progress and Condition of the Royal Gardens at Kew during the year 1872,
(1873), 8vo., London.

Inpia OrrICR.

StADEN, Major E. B.—Official narrative of, and Papers connected with, the Expedition

to explore the trade routes to China vid Bhamd, (1869), 8vo.

Rangoon.
WiLriaM TrEOBALD, EsqQ.
PERIODICALS.
American Journal of Science and Arts, 8rd Ser., Vol. V, Nos. 29 & 30, and Vol. VI, No. 31,
(1873), 8vo.,, New Haven.

Annales des Mines, 7th Series, Vol. I1I, Liv. 1 & 2, (1878), 8vo., Paris.
L’ADMINISTRATOR DES MINES.

Annals and Magazine of Natural History, 4th Series, Vol. XI, Nos. 66—68, (1873), 8vo.,
London.
Canadian Journal of Science, Literature, and History, New Series, Vol. XIII, Nos. 2—4 & 6
(1872—78), 8vo., Toronto.
CANADIAN INSTITUTE.

Cuyres, CH. DB.—Revue Universelle des Mines, do la Métallurgie, Tome XX VIII, Liv. 1—3,
(1871), 8vo., Paris.

Geological Magazine, Vol. X, Nos. 6—8, (1873), 8vo., London.

Indian Economist, with Agricultural Gazette, and Statistical Reporter, Vol. IV, No. 12, and
Vol. V, Nos. 1—2, (1873), 4to., Bombay.
GOVERNMENT OF INDLA.
London, Edinburgh, and Dublin Philosophical Magazine and Journal of Science, 4th Series,
Vol. XLV, Nos. 302—304, (1873), 8vo., London.

Ncues Jahrbuch fiir Mineralogie, Geologic, and Palmontologic, Jahrgang 1873, heft 3—4,
(1873), 8vo., Stuttgart.
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Titles of Books. Donors.

PeTBRMANN, DR. A.—Geographische Mittheilungen, Band XIX, Nos. 5—7, (1873), 4to.,
Gotha.

Professional Papers on Indian Engineering, 2nd Ser., Vol. II, No. 9, (1873), 8vo., Roorkee.
THOMAS0N COLLEGE, ROORKEE.

Quarterly Journal of Science, No. XXXIX, (1873), 8vo., London.

Revue de I'Exposition de 1867 ; Mines, Métallurgie, Chimie, &c., Nos. 9—10, (1870), 8vo.,
Paris.

GOVERNMENT SELECTIONS, &c.

BeNGAL.—BLANFORD, H. F.—Report of the Meteorological Reporter to the Government of
Bengal. Meteorological Abstract for 1872. With Administration
Report for 1872-73, (1873), fisc., Calcutta.

GOVERNMENT OF BENGAL.

BouBaY.~Selections from the Records of the Bombay Government, New Series, No. 132.
Narrative of the Bombay Inam Commission and supplementary
settlements by Colonel A. T. Etheridge, (1873), 4to., Poona.

GOVERNMENT OF BoMBay.

INp1A.~—Annals of Indian Administration in the year 1871-72, Vol. XVII, pt. 2, (1873),
8vo., Serampore.
GOVERNMENT oF INDIA.

» Lists of Civil Officers holding gazetted appointments under the Government of
India in the Home, Legislative, and Foreign Departments as it
stood on the lst January and 1st July 1873, (1873), 8vo.,

Calcutta.
Drrr0.

” List of Officers in the Survey and Forest Departments on the 1st of April 1878,
(1878), flsc., Calcutta.

DEPARTMENT OF AGRICULTURE, REVENUE AND COMMEROE.

» Selections from the Records of the Government of India, Foreign Department,
No. 102. Report on the Political Administration of the terri-
tories comprised within the Central India Agency for 1871-72,
(1873), 8vo., Calcutta.
GOVERNMENT OF INDIA.

LowgR ProviNcCEs.—Report on the Revenue Survey Operations of the Lower Provinces
from 1st October 1870 to 30th September 1871, (1872), flsc

Calcutta.
GOVERNMENT OF BENGAL.

NorTH-WESTERN PROVINCES.—Census of the North-Western Provinces, 1872, Vol. II,
Provincial, Divisional, and District Tables and Appendix A.,
(1878), flsc., Allahabad.
GovERNMENT OF N. W. PROVINCES.
» Report by the Board of Revenue on the Revenue Adminis-
tration, North-Western Provinces, for the revenue year 1871 —72

ending 30th September 1872, (1873), flsc., Allahabad.
. Ditro.
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TRANSACTIONS OF SOCIETIES, &c.
Titles of Books. Donors.

Batavia.—Notulen van de Algemeene en Bestuurs—Vergaderingen van het Bataviaasch
Genootschap van kunsten en Wetenschappen, Deel VIII,
Nos. 1—2, (1870), 8vo., Batavia.
Royar Sociery oF Batavi
” Tijdschrift voor indische Taal-Land-en Volkenkunde, 6th Series, Deel I,

Afl, 1—6, (1869), 1870, 8vo., Batavia.
Drrro.

BERLIN.—Monatsbericht der koniglichen Preussischen Akademie zu Wissenschaften, Feb.
ruary, (2 numbers), March—April, (1878), 8vo., Berlin.

RovaL AcADEMY OF SCIENCEs.

,»  Zeitschrift der Deutschen Geologischen Gesellschaft, Band XXIII, heft. 2, and
Band XXIV, heft. 8, (1871-72), 8vo., Berlin.

TaE SocIETY.

BruxeLLEs.—Académie Royale de Belgique. Centidme Anniversaire de Fondation, 1772—
1872, Vols. I and II, (1872), 8vo., Bruxelles.

Roy. Acap. oF ScIENcE, BrrLerux.

» Annuaire de 'Académie Royale des Sciences, &c., de Belgique, (1872—1873),
8vo., Bruxelles.

Drrro.
» Bulletin de 1'’Académie Royale des Sciences de Belgique, Vols. XXXI—XXXIY,
. (1871—1872), 8vo., Bruxelles.
Drrro.
» Mémoires Couronnés et autres Mémoires, Vol. XXII, (1872), 8vo., Bruxelles.
. Dirro.
» Mémoires de 1'Académie Royale des Sciences de Belgique, Vol. XXXIX,
(1872), 4to., Bruxelles.
Drrro.

Carncurra.—Journal of the Asiatic Society of Bengal, New Series, Vol. XLII, part 1,
No. 2, and part 2, No. 3, (1873), 8vo., Calcutta.

THE Socrery.
» Proceedings of the Asiatic Society of- Bengal, Nos. 6—8, (1873), 8vo., Calcutta.
DirT0.
” Records of the Geological Survey of India, Vol. VI, part 3, (1873), 8vo,
Calcutta.
TrE Surver.

CoPENHAGEN,.—Oversigt over det kongl. d. Videnskabernes Selskabs, 1871, No. 3, and 1872,
No. 1, (1871—1872), 8vo., Copenhagen.
DANISH ACADEMY.
" Videnskabernes Selskabs, Band IX, Nos. 6—7, (1872), 4to., Copenhagen.
Dirro.

DrEsDEN.—Novorum Actorum Academim Casaree Leop. Carol. Nat. Curiosorum,
Vol. XXXV, (1870), 4to., Dresden.
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Titles of Books. Donors.
DrespeN.—Sitzungsberichte der naturwissenschaftlichen Gesellschaft Isis in Dresden,
Jahrg., 1871, Nos. 1—3 and 10—12, Jahrg., 1872, Nos. 1—3
and 4—6, (1871—1872), 8vo., Dresden.
Tar Is1s Sociery.
DuBLiN.~Journal of the Royal Geological Society of Ireland, New Series, Vol. ITI, pt. 1,
(1871), 8vo., Dublin.
THE S0CIETY.

Ep1NBuRGH.—Proceedings of the Royal Society of Edinburgh, Vol. VII, Nos. 82 toend,
(1872), 8vo., Edinburgh.

Drrro.
” Transactions of the Royal Society of Edinburgh, Vol. XXVI, parts 3—4,
(1872), 4to., Edinburgh.
Drrro.

FrorexncE.—Bollettino R. Comitato Geologico d'Italia, Nos. 5—86, (1873), 8vo., Florence.
THE GEoLoGICAL SoCIETY OF ITALY.
@rasaow.—Proceedings of the Philosophical Society of Glasgow, Vol. VIL, part 3, and
Vol. VIII, part 2, (1871 and 1873), 8vo., Glasgow.
THE SoCIETY.
GoTTINGEN.—Abhandlungen der Koniglichen Gesellschaft der Wissenschaften zu Géttingen,
Band XV, (1871), 4to., Géttingen.
THE GOTTINGEN SoCIETY.
” Nachrichten von der Koniglichen Gesellschaft der Wissenschaften zu Gdttingen,
(1870), 8vo., Gottingen.
Dirro.
Kor1asBRRG.—Schriften der koniglichen Physikalisch.—Okonomischen, Gesellschaft zu
Konigsberg, gahrg. X1, Abth. 2, (1871), 4to., Konigsberg.
LiverrooL.—Report of the British Association for the advancement of Science, (1870-71),
8vo., Liverpool.
THE ASSOCIATION.

LoNDON.—DBritish Museum. GgraY, J. E.—Hand-list of the specimens of shield reptiles in
the British Museum, (1873), 8vo., London.
Tur Bairisa MusguM.
» British Museum, WALEER, FraNors.—Catalogue of the specimens of Hemiptera
Heteroptera in the Collection of the British Museum, parts
VI—VII, (1873), 8vo., London.
Drrro..
” Journal of the East India Association, Vol VII, No. 1, (1873), 8vo., London.
THE ASBOCIATION.
. » » Royal Geographncal Soclety, Vols. XL & XLI, (1870-71), 8vo.,
London.
THE SocIETY.
» Proceedings of the Royal Geographical Society, Vol. XV, Nos. 2—5, Vol. XVI,
Nos. 1—5, & Vol. XVII, No. 1, (1871-73), 8vo., London.
Dirro.
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LoNDoN.—Journal of the Royal Asiatic Society of Great Britain and Ireland, New Seriess
Vol. VI, part 2, (1873), 8vo., London,
TaE Socrery.

» Philosophical Transactions of the Royal Society of London, Vol. 161, part 2, and
Vol. 162, part 1. With List of Fellows of the Sociely for
1871, (1871-72), 4to., London.
Rovar Sociery, LoNpox.
» Proceedings of the Royal Society of London, Vol. XX, Nos. 137—138, and
Vol. XXI, 189—143 and 145, (1872-73), 8vo., London.
Drrro.
” Royal Society’s Catalogue of Scientific Papers, Vols. V—VI, (1871—72), 4to,
London.
»” Proceedings of the Royal Institution of Great Britain, Vol. VI, parts 3—6,

(1871-72), 8vo., London.
Tae INsTITUTE.

' Quarterly Journal of the Geological Society, Vol. XXVIII, part 4, and XXIX,
parts 1 & 2. With List, (1873), 8vo., London.
THE SoCIETY.

» Ray Society. A Monograph of the Gymnoblastic or Tubularian Hydroids, (1871),
Roy 4to., London.
MELBoURNEB.—Transactions and Proceedings of the Royal Society of Victoria, Vol. IX,
part 2, (1869), 8vo., Melbourne.
Rovar Socrery, VicroRu.
MinNrapoL1s.—Constitution and Bye-Laws of the Minnesota Academy of Natural Sciences,
(1873), 8vo., Minneapolis.
THE ACADEMY.
MonTREAL.—Geological Survey of Canada. Report of Progress for1871—72. With List of
Publications of the Geological Survey of Canada, (1872), 8vo,
Montreal.
GEroLOGICAL SURVRY, CANADA
Moscov.—Bulletin de la Société Impériale des Naturalistes de Moscou, Vol. XLIII,
Nos. 3—4, XLIV, Nos. 1—4, and XLV, Nos. 1—38, (1871-72),
8vo., Moscou.
Imp. Soc. Nart., Moscov.

» Nouveaux Mémoires de la Société Impériale des Naturalistes de Moscou, Vol.
XIII, livr. 3, (1871), 4to., Moscou.
Drrro.

MixsicE.~Annalen der Koniglichen Sternwarte bei Minchen, Band XVIII, (1871), 8vo.,
Miinchen,
RoY. BAVARIAN AcCAD. OF SCIENCES.

» Sitzungsberichte der mathematisch—physikalischen Classe der k. b. Akademie der
Wissenschaften zu Miinchen, heft 1—2, (1871), 8vo., Miinchen.

Dirro.
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Mijxice.—Supplement—Band zu der Annalen der Miinchener Sternwarte, Vol. XI, (1871),
8vo., Miinchen.
RoY. BAVARIAN AcAD. OF SCIENCES,

» Die Aufgabe des Chemischen Unterrichts, (1871), 4to., Miinchen. .
Drrro.

Almanach der k. b. Akademie der Wissenschaften fiir 1871, (1871), 12mo.,

Miinchen.
Dirrro.

NzucHATRL.—Bulletin de la Société des Sciences Naturelles de Neuchatel, Vol. IX, part 1,
(1871), 8vo., Neuchatel.
Tas SociETY.

Nzw Yorx. HaypeN, F. V.—Sun Pictures of Rocky Mountain Scenery, (1870), 4to.,
New York.
F. V. Havoen, U. 8, GROLOGICAL SURVEY:
" HaYDRN, F. V.~United 8tates Geological Survey of the territories, profiles®
sections and other illustrations, (1873), 4to., New York.
Dirro.

Nxw Zgaranp.—Geological Survey of New Zealand. Reports on Geological Explorations
during 1870-71 aund 1871-72, (1871-72), 8vo., New Zealand.

THE SURVEY.

- HecTor, James.—Catalogue of the Whales and Dolphins of the New

Zealand Seas, (1873), 8vo., New Zealand.
Dirro.

” Hzcror, James.—Geological Survey of New Zealand. Sixth Annual
Report on the Colonial Museum and Laboratory, together with
a list of donations and deposits during 1870-71, (1871), 8vo.,

New Zealand.
Dirro.
" Hgecror, James.—Meteorological Report for 1868 to 1870, (1869—1871),
8vo., New Zealand.
Drrro.

Hurrox, F. W.—Catalogue of the Birds of New Zealand, with Diagnoses
of the Species, (1871), 8vo., New Zealand.
Drrro.

Hurron, F. W.—Catalogue of the Echinodermata of New Zealand, with

Diagnoses of the Species, (1872), 8vo., New Zealand.
Drrro.

" Horrox, F. W.—Colonial Museum and Geological Survey Department.
Fishes of New Zealand. With Supplement, (1872), 8vo., New

Zealand.
Drrro.

HourroN, Captaix F. W.—On the Geographical relations of the New
Zealand Fauna, (1873), 8vo., New Zealand.
GEOLOGICAL SURVEY OF NEW ZEALAND'
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Paris.—Mémoires de la Société Géologique de France, 2nd Series, Vol. IV, Nos.1—3,
(1869—1872), 4to., Paris.
TR Socrprv.

»»  Bulletin de la Société Géologique de France, 2nd Series,'Vo'l. XXVIII, Nos. 3—5,
XXIX, Nos. 1—3, (1871—72), 8vo., Paris.
Dirro0.

Pnlmmn.mu —Journal of the Franklin Institute, Srd Series, Vol. LXIV, Nos. 4—6,
Vol. LXV, Nos. 1—4, (1872—1878), 8vo., Philadelphia.

Taz INstrIUTE

" Proceedings of the Academy of Natural Sciences of Philadelphis,
Parts 1—3, (1871), 8vo., Philadelphia.

THE ACADENY.

Srr Pavr—Anuunal Report of the Board of Regents of the University of Minnesota for
the fiscal year ending November 80th, 1872, (1873), 8vo,
8t. Paal.

GOVERNMENT oF MINNEsOTA.

8rooxmoLm.—Kongliga Svenska Vetenskaps —Akademiens Handlingar, New Series, Vol.
VII, heft 2, and Vols. VIII—IX, (1868—1870), 4to., Stock-

holm.
RoyvAL ACADEMY OF SCIENCE, STOCKHOLN.

» Lefnadsteckningar 6fver kongl. Svenska Vetenskaps-Akademiens, Band I,
heft 2, (1870), 8vo., Stockholm.

Drrro.
» Meteorologiska sakttagelser i Sverige, Band IX—XI, (1867—1869), 4to,
Stockholm.
Drrro.
» Minnesteckning ofver erik Gustaf Geijer af F. F. Carlson, (1870), 8vo,
Stockholm.
Drrro.
» Ofversigt af kongl. Vetenskaps—Akademiens Forhandlingar, Vols. XXVI—
XXVII, (1870-71), 8vo., Stockholm.
Drrro.
» Sveriges Geologiska Undersokning, Nos. 42—45. With 4 maps, (1871),

8vo., Stockholm.
BureAU RECHER. GEOL. SUEDE.

Str. PerERsBURGH.—Bulletin de I’Académie Impériale des Sciences de 8t. Petersburgh, Tome
XVI, Nos. 1=—6, XVIIL. Nos. 1—3, (1871), 4to., St. Petersburgh.
IMPBRIAL ACADEMY OF SCIENCES.

» Mémoires de I'Académie Impériale des Sciences de St. Petersburgh,
7th Ser., Vol. XVII, Nos. 1—12, XVIII, Nos. 1—7, (1871-72),
4to., St. Petersburgh.

Dirto.
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8r. PrreesBugeH.—Beitriige zur Kenntniss des Russischen - Reiches und der augrenzenden
Linder Asiens, with Atles, Band I, (1839), to XXVI, (1871),
'(1839.71), 8vo., St. Petersburgh.

IMPERIAL ACADEXY OF Sclxncns

ToriNo.—Atti della R. Aoeademw. delle Sownzo di Torino, Vol. VII, Nos, 1—7, (1872),
N 8vo., Torino.

Royvar Acap. oF ScigNck, TURIN.

”» Bolletnno Meteorologico ed Astmnomlco del Regio. Osservatorio dell' Universita
di Torino. Anno VI, (1872), oblong 4to., Torino.
Drrro0.

VmNNA.—Ja.hrbuch der kais. konig. Geologxschen Rewhnnstdt, Band XXII Nos. 3—4,
and General Register, Biinde XI—XX, (1872), 8vo., Vienna.

THI VIENNA INsTITUTE.

» Verhnndlungen darkms komg Geologmchen Relcbsanata.lt, Nos. 11—18, (1872),
8vo., Vienna.
Drrro.

» Denkschriften der kais. Akademie der Wissenschaften, Band XXXI—XXXII,
(1872), 4to., Vienna.
THE VIENNA ACADEMY.

» Sitzungsberichte der kais. Akademie der Wissenschaften—
Band LXII, Abth. I, heft 3—4, Abth. IT, 4—5.
»  LXIII, Abth. I, heft 1—5, Abth. II, heft 1—6.
»  LXIV, Abth. I, heft 1—5, Abth. II, heft 1—5.
» LXV, Abth. I, heft 1—5, Abth. II, 1—5, Abth. III, heft 1—>5.
With Register LXI—LXIV, (1870—1872), 8vo., Vienna.
DrTro.

WasHINGTON.—HAYDEN, F. V.—Preliminary Report of the United States Geological Survey
of Montana and portions of adjacent territories, (1872), 8vo.,
‘Washington.

F. V. HaYDeN, U 8. GeoroGgICAL SURVEY.

” Hayper, F. V.—Final Report of the United States Geological Survey of
Nebraska, (1872), 8vo., Washington.
Di1rro.

» HavpeN, F. V.—Supplement to the fifth annual report of the United
States Geological Survey of the territories for 1871, (1872), 8vo.,
‘Washington.
Dirro.
» TroMas, Pror. C.—Lists of elevations and distances in that portion of the
U. 8. west of the Mississippi River, (1872,) 8vo., Washington.
Drrro.
WeLLINGTON.—HEcToR JaMES.—Phormium Tenax as a fibrous plant, (1872), 8vo,

Wellington.
THE GEOLOGICAL SURVEY OF NEW ZEALAND,
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WriLuxeToN.—HUTTON, F. W.—Catalogue of the marine Mollusca of New Zealand, (1873),
8vo., Wellington.
THB GE0L0GICAL SURVEY OF NEW ZEALAND.

” Transactions and Proceedings of the New Zealand Institute, Vol. V., (1873),
8vo., Wellington. i
Taz InstrTUTE.
Yoxomama.—Mittheilungen der Deutschen Gesellschaft fiir Natur und Volkerkunde
Ostasiens, Heft., 1 Mai, (1878), flsc., Yokohama.
TrE Socrrry.

ZunicH.—~Nenjahrsblatt von der Naturforschenden Gesellschaft, Nos. 78—74, (1871.72),
4to., Ziirich.
Narorar Hisromy Socrery, Zomich.

o Vierteljahrsschrift der Naturforschenden Gesellschaft in Ziirich, Jahrg. XV,
heft 1—4 and XVI, heft 1==4, (1870-71), 8vo., Ziirich.
Drrr0.

TRe 8th October 1873,
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-

ANNUAL REPORT OF THE GEOLOGICAL SURVRY OF INDIA AND OF THE (EOLOGICAL
MuskuMm, CALCUTTA, FOR THE YEAR 1873.

For the first time since the institution of the Geological Survey of India, it devolves
upon au Officiating Superintendent to draw up the Annual Progress Report. Dr. Oldham,
who may be said to bave founded the survey, was compelled for the first time, after more than
twenty-two years of continuous service, to take sick-leave to Europe early in April. For
many months previously it had been strenuously urged upon him that rest and change of
climate were necessary for his health. Even when he did leave India, it was to work hard in
putting our collections into order in the Exhibition at Vienna ; and the high merit officially
awarded to those collections is largely due to his personal exertions on the spot as well as in
India. The Superintendent’s absence being only for a season, no change of method has been
made or proposed, as unless permanently adopted such would only be mischievous. This
report will therefore be as brief as possible.

It should be remembered that the progress reported on relates to the work accomplished
during the field-season ending in April, May, or June, according to position, and brought into
form during the recess for the monsoon ; & preliminary notice being added of the distribu-
tion of the field work for the season opening in October and November.

I am unfortunate in baving to chronicle a season of particularly slack work. Besides
the absence of the usual number of the staff on sick-leave, several causes supervened to
distarb what must be considered the normal work of the Survey. These interruptions were
more or less unavoidable, and are to be taken as work done, under which head I have
here placed them. In some cases at least the advantages gained, special or general, will
compensate for any loss to our yearly tale of ground surveyed.

For the last half of the year six out of our small staff were absent. Mr. Blanford has
been in Europe for the whole twelve months. Hard work in Persia made it necessary for him
to take sick-leave ; but he has been ‘busily engaged in working out the very valuable zoologi-
@l eollections he took home with him from those little explored regions. He has also been
windfal of Indian Geology in giving to the Society of Arts an excellent abstract of our
work as illustrating the mineral resources of India, besides several papers of scientific interest
read to the Geological Society and to the British Association. Mr. Fedden has been absent
on sick-leave for the entire year. After a long struggle with an exhausting illness,
Dr. Waagen was compelled to take sick-leave at the end of December 1872. Till the day
of his departure he laboured at the description of the jurassic fossils of Kach, leaving the
frst portion of the work ready for publication, and a quantity of manuscript and plates
inan advanced state of preparation. The Survey was especially fortunate in securing the
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services of Dr. Waagen for this work, as he had already achieved a sound reputation by bis
researches in formations of corresponding age in Europe. We have to lament that the tidings
of his health are very unfavorable. As already noticed, Dr. Oldham had to go on sick-leave
early in April. We may, perhaps, hope that improved health, and relief from the interrup-
tions and preoccupation inseparable from the duty of directing widely scattered operations
and correspondence, may give him leisure to mature the long expected introduction to the
geology of India. The absence of Dr. Stoliczka, although depriving us for 8 time of our
pal=ontological oracle, is not to be regretted when we consider the service he is eng@d on.
Every arrangement had been made for him to attend the gathering at Vienna as the rightful
exhibitor of the most interesting part of our collections, and where there was 8o much to
attract him, but be eagerly gave it all up to seize the opportunity of visiting a new field
of research as naturalist with the Mission to Yarkand. In spite of the great suffering he
endured in crossing the Korakorum range at so late a season, he has already contributed an
interesting sketch of his observations of that ground. Before leaving, Dr. Stoliczka had
just completed the publication in the Palmontologia Indica of his highly valued work on the
Cretaceous Fauna of Southern India. The remaining absentee is unfortunately to be recorded
as permanent: Mr. J. Willson, after his brief connection with the Survey, finding that the
duties were more than his health was able for, transferred his services to the Educational
Department, in March. The loss thus sustained by the Survey of an officer whose thorough
training in science gave promise of high efficiency, is not to be made good; the Govern-
ment having decided that the pay of this appointment is to be devoted to the experimental
institution of native apprentices.

Although the staff of the Survey is nominally divided into three parties, under Deputy
Superintendents corresponding with the three chief Presidencies, it has never been found
convenient to adhere closely to this arrangement. Those who have studied certain forma-
tions must follow them out irrespectively of fiscal boundaries; and in so large a country,
where communication is often difficult, it is commonly most convenient that each geologist
should communicate independently with head-quarters in Calcutta. The work may there-
fore be most intelligibly noticed with some attempt at natural order, commencing with -
the formations to which our coal-measures belong.

. In the south, Mr. King accomplished a very satisfactory season’s work in the region of
the lower Godavari. He revisited the Singareni coal-field, which he had discovered and
described in the preceding season. Numerous trial borings had meanwhile been put down
by the Nizam’s officers, and a considerable amount of coal proved, although the seam was
not found to be continuous throughout. The Beddadanole coal-field was fully examined ;
and although no outcrop was discovered, there is considerable hope tha coal exists. Mr.
King gave full directions for prosecuting the search by borings, and orders have been given
by the Madras Government for their being carried out. This field is not, like the Singareni
field, circumseribed within very narrow limits by the older rocks. The actual area of measures
exposed is not larger than that of Singareni; but the rocks are seen to pass beneath an
extensive spread of a younger formation, and there is at least a chance of there being a con-
giderable field, much of it in British territory. In this region we had hitherto only
discriminated three members of this great rock-series; namely, the Talchirs, the Barakars,
and the Kamthi sandstones, which Mr. Blanford had followed down the Godavari and
Pranhita valleys from Chanda and Nagpfr, where he had, from the evidence of the fossil
plants, ranked them in the Damuda horizon. From other fossil evidence, found in this con-
fused upper sandstone series of the Godavari basin, it has long been considered that in
part at least it represents formations younger than thereputed age of the Damudas. The
obacurity regarding the correlation of this whole series of rocks with established formations
has been owing to the failure hitherto to link any important portion of it with beds
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containing a distinctive marine fauna. Such a connection has long since been made for the
Rajmahal group, through the Kach deposits ; but the connection of the Rajmahal group itself
in its typical area with the main rock-series is very uncertain. Mr. King has at last been
so fortunate as to hit upon what may yield a clue to our puzzle—a fossiliferous zone of marine
beds at Ragavapuram, thirty miles due west of Rajamandri, well intercalated with
the upper sandstones, continuous with those overlying the Beddadanole coal-measures.
In the same region, at Innaparaz Katapili, thirty miles north-north-east of Coconada,
he also found fossils, in some detached sandstone beds along the northern margin of the
Godavari delta. These latter fossils have been recognised by Dr. Stoliczka as on the
horizon of his Oomia zome (uppermost jurassic) in the Kach series, the same which
had long since been assimilated to the Rajmahal group. The Ragavapuram fossils did
not reach in time for Dr. Stoliczka to examine them. They are at least specifically different
from those of Innaparaz, and underlie a rock which Mr. King conjéctures to represent
that of the outliers. The facies of them, so far as a non-expert can pronounce, is jurassic.
Above all these rocks, and underlying the trap, Mr. King discriminates a belt of sands with
a thin limestone, characteristically similar to the Lameta or infra-trappean group of the
Central Provinces, and which he conjectures to be cretaceous; the fossils in the limestone
being distinct from those of the well-known Pangadi inter-trappean beds close by. The
working out of all these suggestions is of the greatest importance to the geological history
of India.

In this connection notice may appropriately be taken of a document guite recently pub-
lished and circulated by the Government of Madras. It consists of a large-scale map, in
divers colours, of a small area on the Kistna river about fifty miles south-by-east of the
Singareni coal-field; with an explanatory text by Colonel Applegath, in which the old
assertions are repeated regarding his discovery of coal there many years ago, with the addi-
tion that, having recently visited the coal-fields of the upper Damuda valley, he is in a
position to assert the geological identity of the formations. It only needed this to complete
the anomaly. Whatever possibility there might be of a coal being found in these rocks, quite
distinct from that of the Indian coal-measures and unobserved by more recent explorers,
it is really not within the range of possibility that several geologists of experience should
so utterly confound rocks with which they are perfectly familiar. The ground referred
to is the northern extremity of a large geological basin, of which a map with detailed des-
cription was published during last year in the Memoirs of the Survey. Working from
the south, Mesers. King and Foote had no hesitation whatever in identifying these
rocks on the Kistna as part of the connected series of Kadapah and Karntl rocks, in the
examination of which they had been engaged for several consecutive seasons. After the com-
pletion of that work Mr. King moved northwards, and found no difficulty whatever in recog-
nizing the true coal-bearing series in the Singareni field, for the exploration of which by
borings he gave indications which have proved successful. An account of this was also
published during last year, Still we find the false prophets apparently in as great favor as
ever with the authorities in Madras, Comment on such proceedings would be superfluous.

More to the north, in the Godavari basin, Mr. Hughes was engaged for the whole season
in the Wardha coal-field; but frequent interruptions greatly retarded his progress towards
completing the examination of the field. Several weeks were taken up in connection with
Mr. Banerman’s deputation to examine the iron-deposits. Time was also spent in interviews
with the mining officers of His Highness the Nizam, and in selecting sites for borings. at
Warora and Pisgaon. The chief independent result of the season was the demarcation of
the small detached coal-field near Chimur, which may yet be of importance in connection with
the iron ores of the neighbourhood. In examining the zamia-bearing zone on the south-
west margin of the field, Mr. Hughes found a small coal-seam in it at Balanpur, which
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curiously repeats the characters of the seams on the same horizon in the Jabalpur group of
the Narbada region~ In the Wardha field two pits have been sunk to the coal, one at
Warora in the Central Provinces, and one at Pisgaon in East Berar.

Mr. Medlicott took up his work in the Satpura, with the understanding that he was to
carry out the examination of the formations so closely connected with the coal-measures there,
and by which these are conocealed ; while at the same time he was to afford geological guidance
for the borings he had recommended in the Narbada valley. The executive management of
these was entrusted by the local Government to Mr. Collin, a mining engineer, or coal-
viewer, sent out from England for the coal exploration in the Central Provinces. Both the
personal and material provision for these trials proving utterly inadequate, Mr. Medlicott
was afterwards called upon to supervise the execution of the work. Thus the geological in-
vestigation was stopped, in the vain hope of preventing the inevitable collapse, under existing
arrangements, of the experimental work. The work Mr. Collin had executed was so bad that
it had to be abandoned ; while Mr. Medlicott, owing to this fruitless interruption, was only able
to complete his examination of the lower Dudhi valley, with a view to fixing the sites for the

‘borings there. Late in March the borings at Gadarwara and Sukakheri were recommenced
under the immediate charge of Mr. Stewart, a very intelligent and trustworthy employé on
the Great Indian Peninsula Railway, whose services were obligingly placed at the disposal of
Government by the Agent, and under the supervision of Mr. Cooke, the Executive Engineer
at Narsingpur.

These trials were undertaken upon the fully discussed possibility and a reasonable
probability that the Satpura coal-measures might here extend from the Sitariva field beneath
the alluvial plain. No depth could be assigned for these covering deposits. From 200 to 500
feet was given as the probable range. Considering the delays and difficulties to be contended
with, the progress up to date must be taken as very creditable to those in charge of the
work. Insufficient and defective piping has been throughout the chief difficulty. The boring
at Gadarwara had to be stopped at tke end of October, as the piping could not be driven
beyond 226 feet, and there were no pipes of smaller diameter to sink within those that had
stuck. The rods were put down to 251 feet, still in alluvial ground; but the hole could
not be kept clear without the piping. At Sukakheri work was in progress at the
close of the year, the piping having reached a depth of 330 feet, still in alluvial clay. Thus,
of course, we as yet know nothing asto what rock underlies these deposits; the great
thickness of which will prove a great impediment to mining enterprise should coal be
found beneath them.

In view of the great extension of boring operations in all parts of India, it is to be
regretted that there is still much misapprebension regarding the nature of the work, and
consequently want of system and concert in the management. Next to the important object
of these operations, the work of the Geological Survey is the chief sufferer from this defect.

"Among homogeneously civilized communities it is duly recognised that boring is a branch
of engineering ; that although the geologist might give the safest indications for the position
and prospects of a boring, he would probably makea bungling attempt at executing the work.
The mining engineer is supposed to, but very rarely does, combine these two branches of know-
ledge o radically distinct. In all new and intricate cases the greatest safety lies in the combined
action of independent experts. This combination might no doubt be obtained in India as it
commonly is in Europe, both elements being present. Such undertakings are, however, new to
this country ; and we have not got beyond the primd facie point of view: because the
majority of engineers will declare that they know nothing about boring, and the geclogist
cannot disown his connection with the business, it is assamed that the latter must be the
best man for the whole job. The mistake is very similar to insisting upon a zoologist
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or a metaphysician performing the Cemsarean operation because a number of surgeons
standing by chose to excuse themselves on the plea that they had never seen the thing done.
No doubt a man of intelligence and education caz always make some usefal attempt at
the supervision of mere skilled labour; and I have no doubt that Mr. Stewart would ac-
knowledge his obligations in this way to Mr. Medlicott; but it is a fact that this geologist,
when he was ordered to take charge of the borings he had recommended at Gadarwara,
had only once before seen a boring in a casual way, and did not know the difference between a
crab-winch and a jack-role, between a wrench and a spanner. I cannot but think that such
important operatiouns, depending entirely upon mechanical ingenuity and resources, should
be under proper professional control and responsibility, and also that this should be forth-
coming in some branch or other of the Department of Public Works.

In the Damuda basin Mr. J. Willson spent the season in retracing the lines of the
Karanpura coal-fields on the newly issued maps of the Haziribagh district.

Mr. Hacket was incidentally engaged upon these same formations, in adding to our
collection of fossil plants from the Jabalpur group; but his chief occupation for the season
was to trace the boundaries of the Vindhyan and older rocks on the new maps along the
northern side of the Narbada valley in the Jabalpur, Narsingpur, and Hosungabad districts,
and at the same time to add to our collections from the ossiferous valley deposits. M.
Hacket filled in a large area.

In the same region, more to the north-east, Mr. W. L. Willson carried on the work
of previous seasous, completing sheets 34, 85, 37, 47 and 48 of the new Topographical sur-
vey of Riwah and Bandelkand, including rocks of the Vindhyan, the Bijawar, and the
gneissic series.

Mr. Mallet, having had much experience of the crystalline and metamorphic rocks in
Bandelkand and the Sén valley, took up an important section of the same rocks in South
Behar, with the advantage of the new large-scale maps of Hazdribigh. 8o far as the
comparatively small area of one season’s detail-work can be trusted, there seems to be no
marked stratigraphical break between the quartzite and slate series of Behar and the gneiss
of Bengal. In the middle of the season Mr. Mallet was recalled for some weeks to Cal-
cutta to prepare our mineralogical collections for the Vienna Exhibition.

Far to the south-west of the operations already noticed, Mr. Foote was at work in the
South Mahratta country. A section was run across the gneissic area lying between Bellary and
the Malparba river, a little to the north of which the south boundary of the Kaladghi series
was crossed, and the previous season’s work joined on. Various parts of the ground near
Kaladghi were gone over again to clear up obscure points. The south-east part of the
Kaladghi basin was then surveyed, including the line of outliers extending to Gadjandergarh.
From this point the south boundary was carried west to Murgod in Belgaum district. So
much of the gneiss area was gone over as was necessary to close in the north-east quarter
of sheet 41, and to connect the several quartzite outliers with the general work. After
completing the above boundary, work was carried on in the quartzite area around Toragal
and Ramdurz, till it became necessary to move into Kaladghi to arrange and despatch the
collection of geological specimens for the Vienna Exhibition.

The work remaining to be noticed is external to the rock-area of the Peninsula. In the
extreme north-west, Mr. Wynne was engaged in working out the ground to the north of the
8alt Range where the tertiary series occupies a large area and forms the outer ridges of the
mountain region. The top and bottom horizons are identifiable with the Sivalik and Subathu
groups of the sections far to the east, but the same marked divisions of the series are mot
expressed in the west as in the east. At the base here, although the purely structural features



6 Reco. ds of the Geological Survey of India. [voL. vir.

are remarkably like those in the Subathu region, upper secondary formations have been identi-
fied in sequence with nummulitic deposits, and of which no trace has as yet been found in
the sections described to the east. The presence of such a close sequence of formations
would in itself go far to negative here the interpretation that has been given of the features
in the Simla region, and thus support Mr. Wynne in rejecting it for the ground he describes.
But it is quite possible that both may be right. If widely different modes of action did not
occasionally produce similarity of result, the art of observing would be much simpler than
it is. These existing discrepancies of fact and of opinion can only be adjusted by the exami.
nation of the long stretch of intervening mountains between the Jhilum and the Ravi.

On the south-east side of India, Mr. Theobald completed the survey of Pegu. This
work was commenced in the close of 1860 under Mr. Blanford, assisted by Mr. Fedden.
In 1862 Mr. Theobald took Mr. Blanford’s place; and since 1864 he has been alone at the
work, and for eighteen months absent on furlough. On the north the limit of this work is a
very broken one; all the formations have a north and south strike, and are thus absolutely
cut off along the frontier. On the east the bouundary is very regular and natural. At a
little to the east of the Salwin in Martaban, along a very steady line, the tertiary formations
rest against crystalline matamorphic rocks. The ground to the east of this has not been
surveyed topographically. No one who has not made the attempt can form a conception of
the difficulty of observing the rocks in a wild tropical region. Rank vegetation produces deep
soil; and where the rocks themselves are not very hard, as is the case with much of these
tertiary formations, one may march for days through a hill country without getting a fair
section of rock in place. There thus remains a great deal to clear up in the geology of
Pegu ; but the description now published will form an admirable guide to further investiga-
tions. Fossils, too, seem to be very scarce. Enough only have been discovered to establish
the presence of triassic, cretaceous, and nummulitic strata forming the Arakan Yomah,
beneath the general mass of younger tertiary deposits on the east, forming the Pegu Yomah.
The south-eastern districts of this province form a totally distinct geological field from that
now completed by Mr. Theobald, as marked by the eastern boundary of this area. They are
entirely formed of crystallive and sub-metamorphic rocks, in which there is much promise
of metalliferous deposits. On this account the mining engineer appointed as mining
geologist to the Survey has been deputed to examine those regions. Mr. Fryar reports
directly to the Chief Commissioner of British Burmah.

Mr. Ball's work for the season has not yet been noticed : till the middle of Febraary he
was engaged in accompanying Mr. Bauerman to some of the coal and iron-fields of Bengal
and the Narbada valley. It was quite out of the question that Mr. Ball could then take up his
work in the distant wilds of Sirguja; so he occupied the time most usefully in completing
the arrangement of our collections for the Vienna Exhibition.

Even if Mr. Bauerman’s deputation to India had not so directly tonched upon the
work of the Geological Survey, it would call for notice here. He is the latest, and no doubt
the most competent, of a series of experts sent out from England to report on the prac-
ticability of iron manufacture in India on European methods. His preliminary report con-
taining the general result of his observations has been published; but the question seems
to stand pretty much as before. Mr. Bauerman has simply restated the case in a more
intelligible form than some of his predecessors, but no more so than it has all along been
expressed by the Geological Survey—that, under existing circumstances, the Raniganj coal-
field is the most promising place for a trial, the principal defect there being the flux; and
the Survey has been called upon to farnish further data. The only good to be expected
from Mr. Bauerman’s visit is, to establish the opinion that actual trial must be the mnext
stage of the enquiry. As an accomplished metallurgist he may also suggest what recent
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improvements in the art would be most suitable to the circumstances ; but, of course, whoever
may be entrusted with the conduct of the experiment would form his own opinion upon
this point. Meanwhile further search is being diligently made by the Survey for means
of surmounting the known material deficiencies.

In the foregoing paragraphs frequent mention has been made of the Vienna Exhibition
as bhaving caused interruption to work during the field season, which is already so restricted
by the conditions of the Indian climate. This was duly noticed by Dr. Oldham in his
last report ; and it was shown how largely this circumstance was due to the present crowded
and confined condition of our museum and offices, whereby we have been prevented from
making even such collections for head-quarters as would sufficiently illustrate our field-work,
and much less provide duplicates for distribution or for exhibition elsewhere. It is satis-
factory to know that this disability will certainly be shortly removed by our removal during
this and the ensuing year into the new Imperial Museum buildings. Once the drawback
1 have mentioned is removed, the occasional muster of a special collection for foreign exhibi-
tion will be altogetlier a gain——as an incentive to keep up to date, as 8 means of effecting
valuable exchanges of specimens, and, not least, as an opportunity for selected officers to
renew their acquaintance with men and things in more civilized regions, and to improve
their knowledge in the highly progressive sciences with which we have to deal.

During the present season the distribution of the work is in continuation of that of
last year except in the cases of the following officers: Mr. Theobald has been transforred to
the North-West Provinces. One of the most interesting problems of Indian Geology awaits
solution there—to get materials for unravelling the palmontological sequence in the immense
series of deposits based (transitionally)upon the marine nummulitics, and ending above in
the deposits containing the great mammalian fauna known as Sivalik. A first step in this en-
quiry will be to discriminate the proper horizons for the species of the numerous fauna now
known as ‘ Sivalensis,’ derived from strata for which very different stratigraphical positions
have been subsequently assigned.

On the urgent requisition of the Government of Bengal to have a mineral survey of
British Sikkim and the fringe of the Himalayan range to the east, principally in the hope of
discovering some serviceable coal deposit, Mr. Mallet has been ‘detached for that duty. The
chief expectation of success rests upon fact that rocks of the Damuda age, containing the
well known fossil plants of the Indian coal-measures, are known to occur obscurely along
the inner boundary of the tertiary sandstones flanking the mountain range. The occa-
sional carbonaceous deposits in these younger formations themselves have nowhere, as yet
scen, offered any encouragement to extended search.

Mr. Hughes bas been deputed to carry out some special inquiries regarding the con-
ditions for iron manufacture. He has already reported briefly upon the available deposits
of Kumaon, and is now engaged in bringing together additional information to reduce
the difficulties of the undertaking in the Raniganj field. It is hoped that there will still
be enough of the working season left to admit of his completing the examination of the
Wardha coal-field.

Mr. Ball has for the present taken up Mr. Medlicott’s work in the Satpura region ;
~ and is to afford geological guidance for the boring operations. Mr. Hacket has resumed
his work in Rajputana, which had to be suspended some years ago on account of the famine
in that region. Mr. Medlicott is to devote what time he can spare for field-work to an
examination of the coal recently discovered in the Garo hills. This coal can be certainly
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jdentified with the cretaceous coal of Siju and Maobilurkar in the same région. It appears
to lie in an interior basin, the existence of which was not suspected. Until within the last
five years these hills were as completely, on a small scale, a terra incognita as Central Asia,
all approach being forbidden on account of the savage propensities of the inhabitants.

It remains to notice a new feature in the constitution of the Survey. It was said above
that the last vacancy that occurred in the staff, by the transfer of Mr. J. Willson to the
Educational Department, has not been filled up, the Government having decided to devote
the pay of that appointment to the attempt to train native geologists. The scheme has in
a way grown out of, though it can scarcely be said to be a development of, endeavours made
by Dr. Oldham from time to time to establish teaching in certain branches of science in
connection with the Geological Survey, that some general knowledge of these subjects might be
diffused, and no doubt with the ulterior view that if this teaching bore fruit, the Survey might
benefit by obtaining competent workers. Dr. Oldham’s proposal would have involved some ex-
pense, in the shape of remuneration to the teachers. The present scheme avoids this objection,
but is not free from others. It begins by curtailing the effective staff of the Survey; for
years to come, moreover, these attached students must be a direct incumbrance ; and there is
small guarantee that they can ever be otherwise —that they will ever be fit for independent
work. The superficial discrimination of stones that used to pass muster as geology, and does
so still with the majority, is really of no kind of value in the present state of knowledge.
Geological observations to be of any use or interest must include much that is not obvious
to the naked eye. And in any country like India, where the means of locomotion are so
cumbrous, a surveyor who cannot describe and discuss his observations, or who cannot be
trusted to observe correctly, is comparatively useless, as it takes nearly the whole time of a
competent man to check and direct his work. It is not here assumed either that natives
cannot be taught geology, or that it requires a high order of intelligence to attain moderate
proficiency as a geologist. It does, however, essentially require a modernized intelligence;
the work being even in its lowest steps the rational interpretation of nature—the most element.
ary positions of the science being not statements of obvious fact, but inductive conclusions
through a postulated causation. It is this that makes geology so singularly inappropriate
for the initiation of the primitive cast of mind. Geology is pre-eminently a science having
no corresponding art or practice in the proper meaning of the words, in which work can be
done according to prescribable rules. Every geological act involves a deliberate judgment.
The industrial undertakings occasionally based upon such judgments, involve only mechanical
skill of a rough order, requiring no recognition of geological principles. These remarks
may seem somewhat fine-drawn ; but I think it right to represent this experiment for once
under its essential conditions. The natives of India having as yet shown such little apti-
tude for acquiring physical knowledge in any of its branches, there scems small encourage-
ment to force them directly into the application of one of the most complex developments
of that knowledge. There are to be four native apprentices; one joined in March last, and
three are about to join. They are all students of the Lahore College, no applicants having
come forward from the North-Western Provinces. Their qualifications consist of a moderate
knowledge of English and of elementary mathematics. It was at first prescribed that they
should be immediately put into geological harness. But sanction has now been given to
their attending one or more courses of physical science lectures at the Presidency College.
The fact of their being already appointed to the Survey, though only as probationers, is not
perhaps the most likely way to stimulate their studies. At the worst we may look forwand
to ntilizing them as fossil-collectors.

Pusrications.—The quarterly RECORDS oF THE GEOLOGICAL SURVEY OF InDIA have
been published regularly, containing numerous papers, both of general interest and of practi-
cal bearing. The first number, besides the annual report, contains a sketch of the geology
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of the North-West Provinces. This is the only province in India of which every part has
been, more or less, cursorily visited. In the second number there is a map and description of
the Bisrampur coal-field, which is about the centre of the extensive spread of these formations
nearly continuous in the region of the upper Sén and the northern tributaries of the
Mahanadi. The coal-basins of this latter area will become of great importance when. the
direct route is established between Calcutta and Bombay. Mr. Mallet contributes addi-
tional mineralogical notes on the crystalline rocks of south Mirzapur. In the August
number there is a brief discussion of the question of the geological age of our old river valley
deposits, in which during the season’s work in the Narbada valley Mr. Hacket had found
a most symmetrically formed stone implement. The object of the paper is, by an examination
of the stratigraphical features, and the comparison of them with those of established form-
ations in Europe, to give a purely geological statement a most interesting question that had
hitherto rested upon somewhat vaguely expressed palzontological surmises. A preliminary
notice is given by Mr. King of the Beddadanole coal-field, about thirty-five miles north-west
of Rajamundri, and by far the nearest known deposit to the sea-board of the Godavari delta.
As yet nothing can be said of the prospects of the field. The trial borings are only commenc-
ing. Mr. Wynne contributes a sketch of the geology of the Rawal Pindi region, showing
the enormous continuous development of the tertiary series. A comparative statement of
the coal-measure areas of different countries, as compared with India, is drawn up by
Mr. Hughes; and Mr. Theobald gives a description and list of the brine-springs of Pegu,
the exploitation of which is now almost entirely superseded by the importation of salt and
the manufacture of sea-salt. The fourth number contaius a note by Mr. Hughes on some
iron deposits of Chanda, Mr. Ball’s description of Barren Island, and some memoranda by
Mr. Theobald upon the metalliferous localities of British Burmah.

Of the MEMOIRS OF THE GEOLOGICAL SURVEY oF INDIa, the first part of volume X
was issued early in the year. It contains a carefully written description by Mr. R. Bruce Foote
of a large tract of country close to Madras, comprised in the eastern half of sheet 78 of
the Indian Atlas. This is separately issued in two guarter sheets, geologically coloured.
Besides the gneiss, the oldest formation occurring here is that well known in Indian geology
as the Rajmahal group, the Oomia zone in Dr. Stoliezka's classification of the Kach rocks,
and considered by this most competent authority to be of uppermost jurassic age. There
are also several distinguishable deposits of tertiary and post-tertiary age, in some of which
are found the rude stone implements described by Mr. Foote some years ago. This part
also contains a tentative sketch with skeleton map of the Satpura basin of the conl-measure
series by Mr. Medlicott. This ground seems to offer a fuller development of this great
rock-series than any other area in India—from the zamia-bearing Jabalpur group, pro-
bably the same as the Rajmabal, through the Mahadeva strata and underlying beds
presumably of Panchet and Damuda (Kamthi) affinities, to the typical Barakar and Talchir
rocks at the base. Parts of the northern side of the basin were carefully examined, the
lie of the ocoal-measures discovered, and indications given for trial borings. Part 2 of this
volume, containing Mr. Theobald's description of the geology of Pegu, is also virtually pub-
lished, the whole impression having been struck off in October, the delay being in the litho-
graphing and colour-printing of the map.

The issue of the PALZONToLoGIA INDICA for the whole year was made in Apriland
May. With a view to the Vienna Exhibition, and to admit of his going there himself,
Dr. Stoliczka made great efforts to get in advance of his work. The parts thenissued contain
the Echinodermata, Anthozoa, Sponges, Foraminifera, Arthrozoa, and Spondylozoa, forming
the fourth and last large volume of the Cretaceous Fauna of Southern India. The fullest testi-
mony has been offered by the most competent authorities to the excellence and value of this
work. For the same object an effort was made to prepare and issue the first fasciculus of the
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series describing the jurassic fauna of Kach by Dr. Waagen. It ocontains the Belemni-
tidee and Nautilidee, and was issued in June, being the number in advance for the first
quarter of 1874. There is a quantity of manuscript and of drawings in an advanced state
of preparation, and if either Dr. Waagen or Dr. Stoliczka is able to return, even late in
the year, the publication can be readily brought up to date.

Marps.—The first of the systematic publication of our maps on the scale of one inch
to the mile, as recently sanctioned, was made this year by the issue of the twelve sheets of
the district Dumoh ; several sheets of the adjoining region are ready to send to press.
I cannot but express my decided opinion that the publication of the greater part of our work
on this scale is premature and wasteful, neither the maps nor the geology being worth it.
I say this advisedly, and because I am quite prepared to defend the excellence of the maps
to the degree of accuracy that can be expected in them. We have for the most part to deal
with rocky and hilly ground, and tracts of this description generally come under the Topo-
graphical system of survey. It would altogether defeat the objects of this mode of survey,
which are expedition and moderate cost, if it were to attempt the same accuracy of detail that
is expected from the method of the Revenue Survey. For all ordinary purposes of geogra-
phy, and for all rongh practical purposes, as well as general geological structure, these maps
are all that need be required. But close geological work is as severe a test as a map can be
put to; and I have often had to give up the attempt to make the geological features agree
accurately with the lines of these maps. I can speak even more positively of the geological
objection. Take these very maps of Dumoh; they only represent the boundaries of the
overlying trap, the divisions of the Vindhyan series (generally several hundred feet in
thickness), and the outcrops of the inter and infra-trappeans, all in the simplest relation of
horizontal superposition. There is no single feature of scientific interest or of practical
utility calling for any minuteness of delineation, and that cannot be adequately indicated on
the quarter-inch scale. It is certainly necessary that the field work should be executed on
the one-inch scale if only to ensure all possible accuracy on the smaller map; but once this
reduction has been carefully made, and with an explanatory text, it would be of small
consequence if the field-maps were destroyed. The most complete geological map possible
would be of no use in the hands of one who scarcely knows one rock from another; sad
for one who does, the quarter-inch maps will be sufficient guide over nine-tenths of the
geological work likely to be done in India for many a year to come.

‘While on the subject of large scale maps, I would urge the importance of having really
adequate working maps of certain tracts where the utmost amount of accuracy and of geologi-
cal detail is called for. Such a map is now greatly needed on the scale of four or six inches
to the mile for the Raniganj coal-field, where mtining enterprise is so active.

Of the Atlas of India maps, quarter sheet 77 8. W. was published during the year;
and several of tke adjoining sheets are ready for the engravers. The printing of these has
not been pressed on account of some uncertainty as to corrections, which could not be settled
in the absence of Mr. King. This is of less consequence, as a skeleton map of most of the
area was issued with the descriptive memoir published last year. As these Atlas sheets are
to be our final and general form of publication, it is of great importance to decide upon a
permanent scale of colours, so as to have the series uniform; and it is very difficult to do
this safely while the scale of formations itself is under discussion. Once this difficulty is
surmounted, we shall be in a position to publish a good number of these quarter sheets.

LieeaRY.—The library has received the addition of 614 volumes or parts of volumes
during the year, of which number 477 were presented, and 137 purchased. This number
would have been much larger, save for the unfortunate miscarriage of a large consignment
of books from Berlin, It is hoped that the case has only gone astray and will be recovered.
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It has now been several months missing. The detailed list of these additions has been
regularly published in the REcoRDS; and a list of the institutions from which presentations
or exchanges have been received is annexed.

MusruM.—~Occasional donations to the museum have been duly acknowledged in the
Recorps. Mr. Mallet was able, during the recess, to get through a considerable section of
his descriptive catalogue of mineral collection. The preparation for the Vienna "Exhibition
entailed no small additional labour upon all hands; but the success achieved has been most
gnatifying to all. The parts of those collections to be received back have not yet arrived.
The series of specimens in the museum are in good order.

H. B. MEDLICOTT,
Offg. Supdt. of Geol. Survey, India,

CALCUTTA, and Director of Geol. Museum, Calcutta.
January 1874.

List of Socisties and other Institutions, &c., from which publications have been received

in donation or exchange for the Library of the Geological Survey of India during
the year 1873.

Baravia.—Royal Society of Batavia.
BeLrast.—Natural History and Philosophical Society of Belfast.
BERLIN.—German Geological Society.
» —Royal Academy of Science.
BosroN.—Boston Society of Natural History.
BruxzeLLes.—Royal Academy of Science.
Carcurra.—Asiatic Society of Bengal.
CAMBRIDGB-Mass.—American Academy of Arts and Sciences.
» —Museum of Comparative Zoology.
Cuz1sT1ANIA.—Royal University.
CoPENHAGEN.—Danish Academy.
DzxspEN.—The Isis Society.
DusLin.—Royal Dublin Society.
» —Royal Geological Society of Ireland.
EpinsuseH.—Royal Society of Edinburgh.
FrogENCR—Geological Commission of Italy.
Grasaow.—Philosophical Society of Glasgow.
GOrrinaEN.—The Society.

Inp1aNaroLs.—Geological Survey of Indiana.
LavusaNNE.—Society of Natural Sciences.
LiverrooL.—British Association for the advancement of Science.

LoxpoN.—British Museum.
,» —BEast India Association.
» —GCeological Society of London,
» ==Royal Asiatic Society.
» —Royal Institate of Great Britain,
» —Royal Geographical Society.
» —Royal Society.
» —India Office.
MEzLBOURNB.~Royal Society of Victoria,
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MINKRAPOLIS.—Academy of Natural Sciences, Minnesota.
Mo~NTREAL.—Q@eological Survey of Canada.
Moscou.—Imperial Society of Naturalists.
MiiNica.—Royal Bavarian Academy of Science.
NEucHATEL.— Society of Natural Sciences.
NEew Zearanp.—Geological Survey of New Zealand.
Pagi1s.—QGeological Survey of France.
» —L’Administration des Mines.
PH1LADELPHIA.—Academy of Natural Sciences.
» ==American Philosophical Society.
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A BRIEF ACCOUNT OF THE GEOLOGICAL STRUCTURE OF THE HILL-RANGES BETWEEN THE
INDUS VALLEY IN LADAK AND SHAH-I-DULA ON THE FRONTIER OF YARKAND TEE-

BITORY, by Ds. F. Sroriczka, Geological Survey of India, Naturalist attached to the
Yarkand Embassy.

The following brief notes on the general geological structure of the hill-ranges alluded
to, are based upon observations made by myself* on a tour from Leh, vi4 Changchenmo, the
high plains of Lingzi-thang, Karatagh, Aktagh to Shah-i-dula, and upon corresponding

obeervations made by Dr. H. W. Bellew, accompanying His Excellency Mr. Forsyth's camp
along the Korakorum route to this place.

Before proceeding with my account, I will only notice that our journey from Leh (or
Ladak) was undertaken during the second half of September and in October, and that we
found the greater portion of the country north of the Changchenmo valley covered with

* As a member of s detached party, specially deputed by His Excellency the Eavoy, Mr. T. D Forsyth,
C. 3, to explore the Changchenmo and Lingzi-thang routes.
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snow, the greatest obstacle a geologist can meet on his survey. While on our journey the
thermometer very rarely rose during the day above the freezing point, and hammer opera-
tions were not easily carried out. At night the thermometer sank as a rule to zero, or even
to 8° below zero in our tents, and to 36° below zero in the open air. Adding to this the
natural difficulties of the ground we had to pass through, it was occasionally not an easy
matter to keep the health up to the required standard of working power.

Near Leh, and for a few miles east and west of it, the Indus flows on the boundary
between crystalline rocks on the north and eocene rocks on the south. The latter consist
chiefly of grey and reddish sandstones and shales, and more or less coarse conglomerates,
containing an occasional nummulite and casts of pelecypods. These tertiary rocks extend
from eastward south of the Pangkong lake, following the Indus either along one or both
banks of the river, as far west as Kargil, where they terminate with a kind of brackish and
fresh-water deposit, containing melanie.

Nearly the entire ridge north of the Indus, separating this river from the Shayok, and
continning in & south-easterly direction to the mouth of the Hanle river (and crossing here
the Indus, extending to my knowledge as far as Demchock), consists of syenitic gneiss, an
extremely variable rock as regards its mineralogical composition. The typical rock is a
moderately fine-grained syenite, crossed by veins which are somewhat richer in hornblende,
while other portions contain a large quantity of schorl. Both about Leh and further
eastward, extensive beds of dark, almost black, fine-grained syenite occur in the other
rock. The felspar often almost entirely disappears from this fine-grained variety, and
quartz remains very sparingly disseminated, so that gradually the rock passes into a horn-
blendic schist ; and when schorl replaces hornblende, the same rock changes into layers
which are almost entirely composed of needles of schorl. Again, the syenite loses in places
all its hornblende, the crystals of felspar increase in size, biotite (or sometimes chlorite)
becomes more or less abundant, and with the addition of quartz we have before us a typical
gueiss (or protogine gneiss) without being able to draw a boundary between it and typical
syenite. However, the gneissic portions, many of which appear to be regularly bedded, are
decidedly subordinate to the syenitic ones. As already mentioned, the rock often has a
porphyritic structure, and the felspar becomes pink instead of white, as, for instance, on the
top of the Kardung pass and on the southern slope of the Chang-la, where large fragments
are often met without the slightest trace of hornblende. To the north of the last men-
tioned pass the syenitic gneiss gradually passes into thick beds of syenite-schist, and this
again into chloritic schist, by the hornblende becoming replaced by chlorite, while the other
mineral constituents are gradually almost entirely suppressed. The syenitic and chloritis
beds alternate with quartzose schists of great thicknese. This schistose series of rocks
continues from north of the Chang-la to the western end of the Pangkong lake, and
northwards to the Mhnker-la, generally called the Marsemik pass. On the western route
Dr. Bellew met similar rocks north of the Kardung pass at the village Kardung, and
traced them northwards across the S8hayok, up the Nubra valley to near the foot of the
Sussir pass.

Intimately connected with the metamorphic schistose series just notieed, is a greenish
chloritie, partly thin-bedded, partly more massive rock, which very closely resembles a similar
rock found about Srinaggar. Only in this case certain layers, or portions of it, become often
distinctly or even coarsely crystalline, sometimes containing bronzite sparingly disseminated,
and thus passing into diallage. This chloritic rock forms the greater part of the left side
of the Changchenmo valley, and also oocurs south of the Sussir pass. I think we have to
look upon this whole series of schistose and chloritic rocks as the representatives of the
silurian formation.

After crossing the Changchenmo valley to Gogra, we met with a different set of rocks.
They are dark, often quite black, shales alternating with sandstones. Many beds of the
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latter have a comparatively recent aspect, and are rather micaceous, without the least
metamorphic structure, while the shales accompanying them very often exhibit a silky, sub-
metamorphic appearance on the plains of fracture. I observed occasionally traces of fucoids
and other plants in these shales, but no animal fossils. On the Changchenmo route these
shaly rocks forms the ridge of the Chang-lang pass, as well as the whole of the western
portion of the Lingzi-thang; and they are met again after crossing these high plains and
entering the Karakash valley, as far as Shinglung (or Dunglung). On the Korakorum route
Dr. Bellew brought specimens of similar rocks from the Korakorum range itself. There
can be but little doubt,—judging from similar rocks which I saw in Spiti, and from their
geological relation to certain limestones, of which I shall presently speak—that we have
in the shaly series the carboniferous formation represented.

In many localities along the right bank of the Changchenmo river, then “at the hot
springs north of Gogra, and on the southern side of the Chang-lang pass, we find the carbo-
niferous beds overlain by ¢riassic limestone which often has the characteristic semi-oolitic
structure of the Krol-limestoue south of Simla. At Gogra and several other places dolomi.
tic beds occur; and in these, sections of Dicerocardium Himalayaense are not uncommon.
In other places beds are met with full of crinoid stems. North of the Lingzi-thang plain—
to the west of which the hills are mostly composed of the same triassic limestone—a red
brecciated, calcareous conglomerate is seen at the foot of the Compass-14, but this conglome-
rate gradually passes into the ordinary grey limestone, which forms the ridge, and un-
doubtedly belongs to the same group of triassic rocks. The last place where I saw the
triassic limestone was just before reaching the camping ground Shinglung; here it is an
almost white or light grey compact rock, containing very perfect sections of Megalodon
triqueter, the most characteristic triassic fossil. On Mr. Forsyth’s route Dr. Bellew
met with similar triassic limestones on the northern declivities of the Sussir pass, and also
on the Korakorum pass overlying the carboniferous shales and sandstones previously
noticed. On the Korakorum the triassic limestone contains spherical corals very similar
to those which had been a few years ago described by Professor Ritter von Reuss from the
Hallstadt beds in the Alps, and which are here known to travellers as Korakorum stones.
A description of these very remarkable corals will be given subsequently.

Returning to our Lingzi-thang route, we leave, as already mentioned, the last traces
of triassic limestone at Shinglung, in the upper Karakash valley. Here the limestone rests
upon some shales, and then follow immediately the same chloritic rock which we noticed
on the Lunker-la, alternating with quartzose schists, both of which must be regarded ss
of upper palmozoic age. .

At Kizil-jilga regular sub-metamorphic slates appear, alternating with a red conglo-
merate and red sandstones, and further on dark slate is the only rock to be seen the whole
way down the Karakash, until the river assumes a north-easterly course, some fourteen
miles west of the Karatagh pass. From here my route lay in a north-westerly direction
towards Aktagh, and the same slaty rock was met with along the whole of this routeup
to the last mentioned place. Dr. Bellew also traced these slates from the northern side of
the Korakorum to Aktagh. They further continue northwards across the Suget-14, a few miles
north of the pass, as well as in single patches down the Suget river to its junction with the
Karakash. The irregular range of hills to the south of the portion of the Karakash river,
which flows almost east-west from Shah-i-dula, on its southern side entirely consists of these
slates, while on the northern side it is composed of a fine-grained syenite, which also forms
the whole of the Kuenlén range along the right bank of the Karakash river, and also is the
sole rock composing the hills about the camping ground Shah-i-dula. The slates of which I
spoke are, on account of the close cleavage, mostly fine, crumbling, mot metamorphic, and
must, I think, be referred to the silurian group. They correspond to the metamorphic
schists on the southern side of the Korakorum ranges.
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Thus we have the whole system of mountain ranges between the Indus and the borders
of Turkistan bounded on the north and south by syenitic rocks, including between them
the silurian, carboniferous, and triassic formations. This fact is rather remarkable, for, south
of the Indus, we have nearly all the principal sedimentary formations represented from the
silurian up to the eocene, and most of the beds abound in fossils.

The only exception to which I can allude on the Changchenmo route is near Kium, in
the Changchenmo valley. Here there are on the left bank of the river some remarkably
recent looking sandstones and conglomerates, dipping at an angle of about 45° to north-by
east, and at the foot of these beds rise the hot springs®* of Kium. I think it probable that
this conglomerate has eastward a connection with the eocene deposits, which occur at the
western end of the Pangkong lake, and in the Indus valley south of it.

In the previous notes I have scarcely alladed to the dip of the rocks at the different
localities. The reason is that there is indeed very great difficulty in directly observing both
the dip and the strike. At the western end of the Pangkong lake the dip of the metamorphic
schists is mostly a south-westerly one, but further on nearly all the rocks dip at a moderate
angle to north-east, north-by-east, or to north. On the Lingzi-thang, just after crossing
the Changlang, the shales are mostly highly inclined, but further on the limestones lie
unconformably on them and dip to north-east. Wherever the hills consist merely of shales
and slates, their sides are generally so thickly covered with débris and detritus that it
becomes almost an exception to observe a rock i sitw.

The débris is brought down in large quantities by the melting snow into the valleys,
and high banks of it are everywhere observable along the water-courser. At a somewhat
remote—say diluvial—period this state of things has operated on a far greater scale. Not
only were the lakes, like the Pangkong, much more extensive, but valleys like the Chang-
chenmo, or the Tanktze valley, sometimes became temporarily blocked up by glaciers, or
great landslips, and the shingle and clay deposits were often accumulated in them to a
thicknees of two or more hundred feet. Near Aktagh similar deposits of stratified clay exist
of about 160 feet thickness, and extend over an area of more than one hundred square miles.
There can be but little doubt that when these large sheets of water were in existence, the
climate of these now cold and arid regions was both milder and moister, and naturally more
favorable to animal and vegetable life than it is now. A proof of this is given, for instance, by
the occarrence of subfossil Succinew, Helices,and Pupe in the clay deposits of the Pangkong
lake, while scarcely any land mollusk could exist at the present time in the same place.

Notzs ox soM® oF THE IRoN-0RES OF KUMaoN, BY THREODORE W. H, HUGHES, A.R.8. M.,
F. G. 8., GEoLoGICAL SURVEY oF INDIA.

In connection with the highly important subject of the establishment of iron works in
this country on the large scale, I was called upon in October last by Government to investi-
gate the mode of occurrence and to determine the quality of some iron-ores in the province
of Kiimaon. :

My attention was directed to no new localities; I was instructed to visit ground that had
already been so reported upon, written about and discussed, that it possessed a literature of
its own on the special subject of iron, of more than five hundred octavo pages.t

® The temperature of these hot springs varies from 60° to 125°. They form no deposit of gypsum, like the
springs north of Gogra, but there is a good deal of soda deposit round them.
t Selections from the Records of the Government of Indis, No. VIII, 1855.
” » » » » Supplement to No. VIIT, 1885,
» ”» ” » ” » ” xv"v 1858,
” ” ” ” ” ”» ” ” » xxvl' laul
Report on the Government iron works at Dechouree in Kimaon, by Thomas Uldham, Esq., 1860,

”» »
”» ”»
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There was no time, and perhaps no necessity, for me to make an exhaustive examination of
the capabilities of the entire province; but my work would have been personally more satis-
factory if, by more extended research, I had been able to assure myself that no essential points
had escaped the observation of my predecessors.

Acting upon the orders conveyed by letter through Colonel Ramsay, c. 3., Commissioner
of Kimaon—* to report generally upon the quantity and quality of the ores and fluxes in the
neighbourhood of Ramgarh, Khairni, K&ladhiingi, and Déh-chaurf”—I proceeded as soon
after the cessation of the rains as possible to examine each locality indicated.

Colonel Drummond, Dr. Oldham, and Messrs. Henwood, Sowerby, Barret, Davies,
Watson, and Bauerman have expressed views as to the prospect of KAlidhGogf and Déh-
chauri furnishing ore and flux, and I find on comparing their opinions that with the excep
tion of Mr. Henwood in 1865, and Mr. Bauerman in 1873, they entertain the belief that ore
is very plentiful. In this belief I coincide. I have only to temper the too high estimate
formed of the quality of the ore. '

RAxoarH. '

Under this heading it will be convenient to refer to several places in the same geological
region, but at some distance apart—namely, Pahli, Loshgiénf, NatGa Khan and Parwari.

Pakl{.—This locality is near the Rimgarh suspension bridge and on the right bank of
the Kalapéni river. I am sorry to say there was no means of gaining any knowledge as to
the existence or quality of ore other than by the examination of some waste heaps mear the
mouths of two deserted galleries. A sample of ore was brought in and analyzed. It yielded
4293 per cent. of iron. This is but a low percentage, and may be accounted for by supposing
that the waste mass from which the ore was picked out contained only poor specimens. At
Natdé Kban and other localities where the same variety of ore (micaceous hazmatite) occurs
the average percentage of iron is much greater.

Loshgidn{.—Iron-ore has been extensively wrought near Loehgiani. There are two
distinct beds, the GwélAkari and the Khanipak&. The ore, which is least rich in iron, is
that of the Gwaldkdrf bed.

Its outcrop is well defined, and by clearing away a little earth, I was enabled to obtain
what I consider a fair sample of the ore, which is a rather dense brown hematite, yielding
624 per cent. of irou. The minimum thickness of the bed is 8 feet. I have not been able
to find any reference to the quality of this iron in any of the books which I have consulted.
I suspect that its external appearance, which is certainly not indicative of such a high per-
centage, as analysis shows it to contain, condemned it in the eyes of those to whom the
soft, bright, micaceous hematites of the neighbourhood had recommended themselves.

The Kbénfpaka bed is distinct from that of Gwalakiri, although on almost the same
horizon. It has been largely mined by the natives, and the number of shafts that have been
sunk to reach the ore is something extraordinary.

I was anxious to obtain access to some underground workings, in order to estimate the
thickness of the bed; but when I saw that the only means of descent was by a rope down
which one had to slide to a depth of 80 to a 100 feet, and then come up again hand
over hand, and that the shaft was neither atraight nor dressed, I was obliged to acknow-
ledge that to gain my end would necessitate the performance of a feat somewhat beyond
my powers. In consequence, I can merely repeat what the natives told me, that the bed
varied from 6 to 8 feet in thickness. A large amount of the ore is stacked in the yard
adjoining the partly erected furnace near the village of Rimgarh. It seemed unnecessary
to have the percentage of iron determined, as it appears to be of quite as bigh a value as the
Natid Khan ore, the analysis of which will be found further on.




PART 1.] ‘ Hughes : Iron-ores of Kiimaon. 17

. Natid Khan.—This is one of the most celebrated localities for the ores, coming under

the general heading of Ramgarh. It possesses, however, no claim to superiority over Losh-
gifini, either on the score of better quality of ore or greater thickness of bed. The accident
of its propinquity to the main road between Naini TAl and Almora renders it easy of access,
and therefore brings it more into notioe.

There is no outorop of the bed visible ; and, as in the case of Loshgiénf, I have to rely
on the statement of the natives who worked it underground, that its total thickness is 9 feet,
including a parting that varies from 1 to 2 feet. A specimen of the ore, which I obtained
near the old workings, yielded 61'33 per cent. of iron. Dr. Macnamara,® who analysed a
sample forwarded by Colonel Drummond in 18565, gives the result of his examination as
70°72 of iron. This is, of course, a very high percentage, and the average is probably nearer
the result obtained in our office.

Parwdrd.—This locality is several miles from RAmgarh, but as I had heard of it
spoken of as possessing a bed of good ore, I went there. I found on my arrival that there
was no opportunity of inspecting the ironstone in sifw, every pit that had been sunk
having filled in. I tried to open out one of them, but two days’ working convinced me that
a month would be required to get down and expose the bed, and I contented myself by taking
away a specimen of the ore from amongst a few pieces that the headman of the village had
in his house. It was brown hmmatite, mixed with a great deal of calcareous matter. The
result of analysis was 29'61 per cent. of iron and 43 per cent. of carbonate of lime. Al-
though the quantity of iron is small, this ore would be valuable to mix with others, on
socount of the carbonate of lime with which it is associated.

There were several mines in the neighbourhood which I might bave looked at, but as
they were all abandoned, and there was nothing to see at the surface beyond the rocks in
which the ironstone occurred, I wasted no time over them.

SuMMARY.—The examination of the few localities I have visited convinces me that in
the Rémgarh area the ores are rich, abundant, and may be easily worked.

The Loshgién{ and Nat4 Khan beds have only to be mined upon some rational system
to yield an enormous amount of ore. Dr. Oldham, in his report of 1860,f when referring
to Ramgarh, says, * there is not the slightest possibility of the want of ore being felt; there
is the greatest abundance.”

Fluz—Lime-stone occurs in the immediate vicinity of the ironstone at Nati4 Khan,
It yields by analysis 676 per cent. of carbonate of lime, and the rest is chiefly clay. This
is not equal to the purity of limestones generally in use in England, which contain 93 to
97 per cent. of carbonate of lime; but an impure limestone can be employed advantageously
at times, when the ore of iron is of such a composition that it requxm some foreign earths
to be added. I am not aware of any purer limestone occurring near Natis Khan or
Loshgifn{.

Kmmni.

From Rémgarh I proceeded to Khairn4, and after examining the iron-ore there went
to Tatail and Kalidgarh, which are villages in the valley of the Kosi, distant about three
and seven miles respectively from Khairna.

KRasirnd.—A bed of quartzite, in which small veins of red heematite are found, occurs
near to the old suspension bridge at the confluence of the Kosi and Khairnd rivers. I can-
not report favorably of this locality as a source of supply; for, though the ore considered

® Selectd from the R ds of the Government of India, Supplement to No. VIII, 1885, page 37,
4 Report on the Governmeat iron-works at Dechouree, in Kmaon, by Thomas Oldham, Esq., 1860, p. 24
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merely as an ore is good, it is too much scattered through the matrix for profitable working.
Mr. Sowerby speaks highly of Khairn, and says—*"I have no doubt whatever but that
the deposit is very considerable, and there is a good back (hill) to work upon.” Qur opinions
differ.

Tatail.—Two veins of ironstone were pointed out to me near ;Tatail. One measuring
eight to twelve inches in thickness, and dipping to the west at an angle of 90°, occurs in a hill
to the south of the village, and is associated with Talcose shale and dolomite. The amount

of carbonate of lime in the dolomite is 65'1, and the remainder is carbonate of magnesis
and clay.

I could not obtain a large sample of the ore, which is micaceous iron, as there are ro
longer any surface workings, but I was able to pick off & small piece from the side of the
vein, and it yielded by analysis 48'77 per cent. of iron.

The other vein, containing magnetite, occurs west of the village and on the left bank of
the Simrird Gadhérd. It is of small size, and it has never been holed for the sake of the ore.
The native agars merely collect the fragments that may be occasionally brought into the
bed of the stream by slips of the bank. The assay of the ore gave 50°11 per cent. of iron.

Kalidganh.~My visit to this place was labour entirely thrown gway, as I could see
nothing more than a small hollow in clay where iron-ore was once obtained.

SuMMarY.—Of the different localities which I have alluded to in the Khairnh ares,
there is not one which gives promise of much ore. I cannot say what the valley of the
Kosf might yield between Kaldhgarh and the Bhébar; but in the section of it which I
examined, there was nothing to justify the hope that Khairnd was a valuable district for
ironstone. It would be well if we knew what the capabilities of the Kosf valley were lower
down, where the accessibility from the plains might render deposits of rich and abundant
ore more than usually valuable, in order to mix them with the poorer varieties of the Bhibar.

Flux.—As there is no probability that any demand for limestone to be used in iron
furnaces will arise near Khairni, the question as to its ocourrence or not is not of much
importance.

KAruiprONaf.

Owing to the interest attaching to this well known resting place for people either
going to or coming from Naini Tal, as having once been the scene of actual smelting
operations on the large scale, I went carefully over the ground with Mr. Matthews,
the Secretary to the Kfimaon Iron Company, and examined the deposit of iron.ore which
ocours between the two extreme points known as Loha Bhar Bhar and DharfdA Khérk Itis
a much more recent formation than the iron-ores of Rémgarh and Khairn4,. being possibly of
tertiary age. It occurs with the clays and sandstones of the Nahun group, which form the
low fringing hills to the north of KAladhidngf, but whether interstratified with them or
unconformable to them it is difficult to say. There is one section in the main road to
Naini T4l, about a mile from the dAk bungalow at KAladhiingf, where the ironstone has

been cut through, and it appears to be conformable to the beds below it. This may, however,
be quite accidental.

Mr. Medlicott informs me that further west, to as far as Nahun, similar beds of ferri-
ferous clay occur, though not so rich as at Déh-chauri, and undoubtedly forming an integral
portion of the Nahun group, (tertiary). This is a point of considerable practical importance,
for if the deposit be unconformable to, instead of being interstratified with, the clays and
sandstones, the ironstone at the surface is to a considerable extent the measure of its quan-

txty, whereas if it be a bed in the series, it will yield a much greater body of ironstone than
is now exposed to view.
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Even taking the most unfavorable view of the case, however, there is an immense mass
of ore. I was somewhat sceptical at first as to the quantity being large, but half an hour’s
steady walking over a more or less continuous band of it, removed any doubts that I had
entertained.

I cannot, however, speak very enthusiastically about the general quality of the ora. A
sample, which I consider contains more than the average quantity of iron, yielded 49'91 per
cent. of protoxide, or 38'82 per cent. of metallic iron.

On referring to the printed records on the subject, I find that in trial-assays made by
Mr. Davies* the percentages of iron were 48, 47, 40, and 28 ; Piddington gives the maximum
as 52 and 29. And Dr. Macnamara from best quality samples obtained 48:53 per cent.

SumMarY.—No appreciation of the value of the Kilidhingi deposit can be made by
merely reading a series of maximum and minimum percentages of samples sent in to an
analyst. One must go over the ground as I did to see what the general proportion of rich
to poor ore is—and I am of opinion that the poor ore predominates. At first sight this state-
ment might appear to condemn the Kéladhdngf ironstone, but this is not the case, for if the
“ getting " of it were properly supervised by some person who could distinguish the good from
the bad portions, the deposit is so large that an immense amount of superior ore might be
made available for smelting. Unless some plan of discrimination, however, is adopted, a
mixture of high and low class ores will take place, and as the better class of ore is not
extravagantly rich, it will do no more than just raise the entire mass above the standard of
condemnation.

Fluz.—Limestone blocks occur in several of the small streams near Kéladhtingf, and
notably in the Baur river. An estimate of quantity is scarcely called for, as the supply is
more than ample for the wants of half a dozen furnaces.

Din-caavusf.

The ironstone which occurs at KAl&dhdngf extends westward to Déh-chaurf. Mr.
Sowerby spoke highly of the Déh-chaurf ore, and asserted that it was more abundant than
the deposit at KAlddhéngf. This latter statement was a point which Mr. Matthews,
equally with myself, wished to investigate, and we spent three days in looking up every section
that was to be seen, and we came to the conclusion that the deposit of ore was less extensive
than that at KAl&dhingi, bat the quality was generally much better. Several different beds
are spoken of by Mr. Sowerby as being ¢» sitw, but I can neither confirm nor disprove this
assertion. None of the natural sections furnished me any satisfactory evidence, and to have
opened out a shaft, or driven an adit, would have occupied two or three months. With only
the quantity of ore, however, to operate with that I saw on the surface, there is enough to
supply all the requirements of the number of furnaces that are ever likely to be kept in blast
at Déh-chauri, so that whether three beds or four beds exist is really not of much consequence.

The following analyses of Déh-chaurf and Kalddhingf ores exhibit side by side the
composition of samples which are somewhat above the average quality :—

Déh-chaurf. Kdlddhdngf,

Loss in heating ... 468 767
Oxide of iron 7088 4091
Alumina 479 527
Lime v e v e o 311 11
Phosphoric acid ... 167 ‘68
Silica and insoluble 15'81 3662

10084 10023
Metallic iron e e o 5518 3382

There was no sulphur, and the amount of phosphorus is not excessive.

* Selections from the Becords of the Govermmcnt of Indla, Supplement to No. VIII, 1865, page 1.
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Fluz.—~Limestone may be picked out of the channel of the river Baur, and in several
of its minor tributaries. Enormous blocks are strewn on the same hill side in which the
iron-ore exists; and I am informed that a tufa deposit occurs within a reasonable distance
of Déh-chaurf.

‘GENERAL SUMMARY.—Summarising in a few words the result of my investigation
regarding the iron-ores, I have to state—

Ores.—That in the Ramgarh circle, the ore is good and plentiful.
That in the Khairn4 circle, the iron-ores are not of much value.

That in the Kaladhingf circle, the ore is not as good as those occurring in the Rimgarh
circle, but the supply is very great.

That in the Déh-chaurf circle, the average quality of the ore is superior to that at
Kélidhtngi, and the quantity is large.

Limestone.—No fear need be entertained about the supply of limestone for fluxing.
Every authority agrees in testifying to its abundance.

Although my duty was only to report upon the quantity and quality of the iron-ores
at the places indicated in my instructions, I would beg to make a few remarks in view of the
possible resuscitation of the manufacture of pig-iron in the Bhébar, at Kalédhingt, and
Déh-chaurf,

Such an attempt camnot fail through paucity of ore or flux. Water-supply is available
throughout the driest season of the year, as is proved by the fact that the furnaces of the
Kimaon Iron Company were in blast until the 5th of June. The reproductive power of
the forests has been tested in the severest manner, for I am informed by Mr. Matthews that
in 1860 a oconsiderable tract of land extending from the vicinity of the furnaces at K&l&-
dbiingf to the base of the hills was cleared, no trees being left for bearing seed; and now
(1873) the whole area is so covered with well grown saplings that it is difficult to believe in
the accuracy of Mr. Matthews' statement.

_ Comparing the conditions now with what they were ten years ago, when the Kdmaon
Iron Company stopped operations, circumstances are much more in favor of the possibility
of Indian-manufactured iron competing with home produce. The high price of coal in Eng-
land has led to sach an advance in the cost of iron of all kinds that there is now a pros-
pect of India being able profitably to work her awn raw material.

NOTE ON THE RAW MATERIALS FOR IRON SMELTING IN THE RANI1GANY FrmLD, BY
TreoporB W. H. HuGHES, A. R. 8. M., F. a. 8., Goological Survey of India.

. As aresult of Mr. Bauerman’s preliminary report upon the iron-ores of the Riniganj
coal-field, the Geological Survey of India has been called upon for information oo the
subject.

Claim of the field recognised.—It is almost needless to say that the claim of this field
to be considered the most advantageous position for the manufacture of iron in Bengal on an
European scale was recognised years and years ago by the Survey, and that Mr. Bauerman,
in recommending it as the locality offering the best prospects of success, has but confirmed
the opinion held by every geologist and others competent to offer one.

The establishing of large iron-works was not urged at the time of the survey of the
Réniganj field, for it would have shown an utter disregard of the conditions essential to
success to have done so. Since then, however, increased facilities of communication, dis-
coveries of better coals, the possibility of making coke, and the steady rise in the price
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of imported iron, have tended to reduce the margin of probable failure to such proportions
that the prospect of the suocessful manufacture of iron has emerged from the region
of speculation. Nevertheless, the caution recommended by Mr. Bauerman to the Government
of India before going into any projects for the erection of works is very judicious; it being
undeniable that the subject of fluxes is a most essential point to enquire into.

Kunkur assays.—With a view to throw some light upon the application of Zunkur,
I have lately made a few trial assays at the Mint which I will refer to in detail farther on.
I obtained a very fair slag ; but it must be remembered that the assays were conducted under
a favourable combination of circumstances unattainable in a farnace, and that before the
practical adaptability of kunkur can be pronounced upon, experiments on a more extensive
scale ought to be carried out. The result of the small trials in so far answers a useful
purpose, that it indicates a possible substitute for rock-limestone, and can be accepted as
some measure of the value of kankur.

Proposed trials.—I propose at the end of the field-season operating upon a few tons
of raw material, varying the proportionate quantities of kunkur, ore and coal; and I cannot
but anticipate that the deductions from such experiments will be useful. I am happy to
say that I have already received offers of assistance and the loan of a cupola from Hon’ble
J. M. Robinson, of the Bengal Coal Company, and Colonel H. Hyde, R. E., to the latter
of whom I am already indebted for facilities afforded me at the Mint during my preliminary
assays.

Although my more special attention was directed to the subject of fluxes, I was in
addition instructed to point out the most favourable position for erecting furnaces; to
institute enquiries about furnace materials; to make some sort of estimate as to the quantity
of iron-ore available; and to confirm or modify the opinion entertained of certain coals in
the western part of the field. For the sake of convenient reference I propose to notice each
section of my enquiry under these different heads. And first as to coal.

Coar.—I presume it is unnecessary to adduce evidence in proof of the enormous amount
of ooal which exists in the Réniganj field. There is perhaps no area of similar size in the
whole world which can compare with it for actual thickness of the seams. The coal, however,
is not so good in quality as it might be; but I believe better will be discovered as the field
becomes progressively developed.

Weak point of Indian coal: its ash.—The weak point of our Indian coal is the amount
of inorganic matter that it contains as compared to good English and Welsh coal; but lately
two samples have been received at the Geological Survey Office, one from Sénpiir near Nirsha,
and the other from Bihmandih#, near Nifmatpdr, which contain only 8'9 and 87 per cent.
of ash respectively. The average percentage is 15.

Nothing more than an ordinary analysis of these coals has been made, and their
composition is—

Sénpir, Bahmandihé.

Carbon ... - 64'3 578
Volatile matter (inclusive of water) .. 268 335
Ash o e 89 87

1000 1000

. — ——
.

Both are said to coke ; and as they are remarkably clean, they ought to be brought more
into use. At present I believe they are scarcely worked. The Sénpiir coal is bardened with
a eartage freight of six miles and a toll ; but the Bihmandihé seam has no serious drawback
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to contend against. Tt lies in the general strike of the Sanktoria seam, which is well known
to be one of the finest properties in the field, and it may be the continuation of that bed to
the north-east.

A very complete scries of analyses of thirty different coals has lately been made by
Mr. Tween under Dr. Oldham’s direction, and I find that those samples furnished by the
Dimarkindi, Banali, Sanktoria, Mangalpir, and Réniganj collieries combined the greatest
freedom from ash with high percentage of carbon.

Names of Collieries. Carbon. | Hydrogen. o:?d“ Sulphar. Ash. m

: Nitrogen. undried coal
Dimarkdodd 7186 467 878 ‘69 140 768
Sanktoria ... s 68'89 452 1227 ‘82 136 746
Rdniganj ... s . 6945 483 1098 36 144 722
Banali 69988 479 1008 ‘87 148 694
Mangalpiir... se e 68'81 48 1211 ‘88 133 678

The loss of water in the Dimarkind4, Sanktoria, and Réniganj coal was 2 per cent.,
in the Banéli coal 4 per cent., and in the Mangalpir coal 5'8 per cent.

Amount of sulphur small—The amount of sulphur is in each instance considersbly
under 1 per cent.—a fact which will not readily be credited by those who think that
Indian coals are always saturated with iron-pyrites.

I append a statement of the amount of sulphur in some good class British coals :—*

NORTHUMBERLAND.
Sulphar in 100 parts of coal.

Steam Burn coal (steam coal) .. s ... ‘56
Pearcth coal (gas coal) - e e .. ‘86
Low main seam, Buddles Hartley colliery (steam coal) ... . 151

NOTTINGHAMSHIRE.
Shircoak colliery, belonging to Duke of Newcastle .. v 92

SoUTH STAFFORDSHIRE.
Rooves ... . o - w 100
LANCASHIRE.

Bushey Park seam ... - - — .. To1
Pemberton yard .. - - . 182
BraiNa, SoutH WaLEs.

Ellvein coal (steam coal) - - . . 75
Three quarter vein (furnace coal) o A . 81
Dowrats, Sours WaLES.

Ras Las . w 101
Bargoed big-coal (blast furnace coal) - . w107
SCOTLAND.

Argesline - - e o - 123
Walls end Elgin .. - - W 161

* Porcy’s Motallurgy, 1861, Vol. I, pages 89, 103.—Crookes and Rahrig, 1870, Vol. 111, pago 469.
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Reverting to the R&niganj coals, the following is the result of the analyses of their ashes,
and for the sake of illustration I subjoin a selection of a few Welsh and Scotch coal ashes:—*

. Siliea. | Alumina, 0’,"_‘::].“ Lime. |Magnesia. s"g’:ﬁ'"c P hq:gg‘onc
Dimarkéndd ... . 60'54 310 652 121 ‘94 -85 64
Sanktoria o v e 5800 2903 749 328 cor 111 146
Banéli .| ez 8048 933 318 47 13
Réaigany ... T e 2884 531 318 63 36
Mangalpar vee o . 5966 2672 808 292 e 12 118

Pou 1 Ebbw vule| Fifeshire
Dowlais. | Dowlais. | Dowlais. | Dowlais. | rock vein f°mt r "l’.'del
coal plint
. coal, coal.
Stlica . e . 3573 2418 3761 3964 4000 5300 87:60
Alumina . 41'11 2082 3848 39°20
44:78 85°01 5200
Sesquicvxide of iron s . 11'16 2600 1478 1184
Lime ... oo . e 2756 938 2:53 181 12°00 894 878
Magnesia | 268 o74 371 268 |Trace .| 220 110
Sulpharic acid ... ose v 448 887 0'20 | Traces... 2-22 4’80 414
Phosphoric acid e .. 099 021 200 301 078 088 088

It will be seen that the proportion of phosphoric acid in a hundred grains of the ashes of
some of our Indian coals compares favourably with the English equivalents; but we must
bear in mind that Indian coal is burdened, as a rule, with three to four times the amount of
ash in English coal; and consequently for equal weights of coal the comparison is not so
favorable. '

Sanktoria coal caking.—Only one of the five selected coals, that of Sanktoria, is
truly caking; the rest yield nothing better than bastard coke. Analysis shows that the
Dimarkidnd4 coal is a first class Indian coal; and I believe that it would produce a very fair
description of coke provided the ovens were charged with freshly raised material.+

* Percy’s Metallurgy, 1861, Vol. 1, page 108,
+ Since writing the above I have received from Colonel Hyde, R. E., a table showing the relative heating power
of the several coals submitted for trial at the Mint; being of the same samples as those analysed in the laboratory
of the Geological Survey by Mr, Tween. The Dimarkdndd coal occupies the seventh place in a list of thirty.

Heat units utilised

Name of Colliery. per b, coal. Rauarse,

Réai . 9,788 Upper coal measures,
B sol .o vosr 9,732 ” » »
Nimcha o . 9,651 ”» ” »
Sanktoria 9,622 » » »
Dhasal seam, Chowki{ddnga 9,684 »oo» »
Berodakatta ... o 9,662 »w o» »
Ddmarktdndd 9,408 Lower ,, ”»
Mangalpdr 9,144 Upper ,, ”
Sftérdmpir e . .. 9,013 » ” ”
Nigid e oo e 8,062 ” » »
e . 8,846 ”n » »




24 Records of the Geological Survey of India. [vor. v

I cannot find any reference to the coal from the Belrdi colliery, but it deserves mention,
as it cakes well, and looks bright and clean. The Belrdi seam, like the BAhmandih&, is on
the same strike, and is possibly on the same horizon as the Sanktoria seam. In our present
state of knowledge, one can only conjecture that such is the case; but an air of probability
is lent to this opinion by the circumstance that the Belrdi coal possesses nearly the same
qualities as the Sanktoria coal.

Freedom from ash important in c tion with amount of flux required.—I have par-
ticularised the coals from eight different localities, because analysis shows that they are
best adapted for smelting purposes. They are the coals freest from ash, and this is & point
that must be borne in mind in connection with the amount of flux that will be required.
For raising steam and for smithey works there are twenty other coals in the Réniganj field
that would answer nearly as well; and there is always the prospect that many of the
collieries from which moderate or inferior coal is at present being raised may some day meet
with better seams as their workings become deeper and new ground is opened out.

Best locality for coal.—The portion of the field which contains the most promising
coals, east of the Birikar, is decidedly that part of it limited in a north-west direction by
the outcrop of the seams mined on the Sanktoria and Belrii properties, and in a south-west
direction by the Panchet formation marked on the geological map. Within this area is
included, in addition to the collieries belonging to the Bengal and New Birbhéim Companies,
those owned by Messrs. Apcar and two or three quarries possessed by natives. Some of
the land is, I am informed, held by Rani Sarn4 Méui, a Hindoo lady, whose religious
principles are opposed to coal mining.

' Iron-orE.—The deposits of iron-ore are of two distinct geological ages. The older
are associated with the coal measures, as a group in the series, while the more recent are
connected with the rock known as laterite.

Laterite, as a rule, is not rich in iron ;* and as it does not occur in any form west of the
meridian of the town of Réniganj, I directed my attention principally to the ores of the
coal measures. I did not restrict my observations to any one special locality : I visited the
lands east of Bésérf, and Madapir, and the entire tract from Lalganj to Bagunis. I
thought it possible that the Singaran valley might be a good locality for iron works; but
it does not offer the same advantages as the western part of the field, where the iron-ores of
the measures are in close proximity to the superior coals of Sanktoria, Belrti, Ddmarkinds,
Béahmandiha, &ec.

The only samples of ore that I considered it necessary to collect were from the lands
of Aftura, Malakola, Chalbalpdr, Kiilti, Sibpir, Jassaidih, Boldi, and Notanghar. They are
fair representative specimens picked mostly from heaps, which had, convenieatly for me,
been collected by the contractors who supply ballast for the repairs of the Grand Trunk Road.

Mr. Tween has up to the present time only been able to complete the analysis of one
sample. It came from Kilti, and contains—

1. Insoluble matter (silica 16'4) . 196
2. Sesquioxide of iron (metallic iron 42 per eent) w 604
3. Alumina e - .. &8
4. Lime - e 29
5. Magnesia - - ‘6
6. Phosphoric acid ... . 22
7. Water - - w92

1007

* Laterite usually contains from 12 to 26 per cent, of iron, Some of it, however, is nothing more than clay
with iron stains,
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There is no sulphuric acid, but there is an appreciable quantity of phosphoric acid.

Ore Rematite—1 was rather surprised at the absence of carbonic acid, being under the
impression that the above specimen was a carbonate of iron. It appears, however, to be a
sesquioxide. The amount of iron it contains is 42 per cent., which makes it a valuable ore.

The ironstones occur over an area of several square miles in thin beds varying in
thickness from 2 to 8 inches, through a mass of carbonaceous shales, known geologically
as the ironstone shale group. Mr. Blanford® estimates that they form about yyth of the
whole group; and Mr. David Smitht considers that 6,400,000 tons per square mile will be
the yield. My own measurements showed that the ironstomes occurred in the proportion
of 1 foot to 10 or 12 of shale, and taking the group as 1,000 feet (it is more than
this), we have, roughly speaking, 200 millions of tons in every square mile. Assuming
6 feet only as workable, I think the figures will be assuring enough to set at rest all mis-
givings about quantity.

Small dip.—The dip of the strata with which the ironstones are associated is every-
where small in the neighbourhood of the Bérikar; and the contour of the surface is such
that the conditions for mining by open work are all highly favourable. No difficulty can be
experienced in winning the ore at a reasonable price.

Magnetic iron.—The advantage to be derived from mixing different varieties of ore is
well known. Some very rich deposits of magnetic iron-ore are described by Mr. Blanford}
as associated with metamorphic quarizites just beyond the boundary of the field near the
village of Tituri, about two miles west of Beharinth hill. The ore occurs interlaminated
with the quartzite and gneiss in bands varying in thickness from 3 inches to 2 feet. They
are very pure, and contain from 60 to 70 per cent. of iron. Research may bring to light
other similar deposits; but there is little probability of such a thing happening, as the natives
are usually aware of the iron-ores that occur in their own district, and if any had existed,
information about them could hardly have escaped the frequent inquiries that have been made.

The main dependence of any iron works must be upon the iron-ores of the coal
measures.

FLux.—As I have not been called upon to compile a treatise upon the manufacture of
iron, I need not explain why the necessity for a flux exists. Many minerals might be used
as fluxes, but in practice we are limited to a few, namely, limestone, clay, and silica. For
such ores as occur in the Réniganj field, limestone i8 most required; and limestone that is
nearly pure has hitherto been considered as indispensable.

Impure limestone sometimes prgferable—In some instances, however, as in the case
of the Kulti ore, the analysis of which has been given above, a limestone containing some
clay would be preferable. Impure limestone indeed is often advantageous, but its applica-
bility depends upon the suitability of its own impurities to combine with those of the
iron-ore.

In kunkur we have an impure limestone, containing from 70 per cent. downwards of
carbonate of lime, and a varying proportion of f-ee silica, clay, magnesia, iron and water.
It would make in some instances a most economical flux if the amount of carbonate of
lime in it were somewhat greater than it is. Kunkur, as a rule, however, rarely contains
more than 60 to 65 per cent. of carbonate of lime, which leaves a large amount of impurity,
out of which some is probably not required, and therefore it subtracts from the working value
of the kunkaur.

* Memoirs of the Geological Survey of India, 1861, Vol. I1I, Art. 1, page 76,
+ Mr. David Smith’s report on the coal and iron districts of Bengal, 1856, page 6.
$ Mecmoirs of the Geological Survey of India, 1861, Vol. 111, Art. 1, page 193,
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Some specimens which I obtained in the Réniganj field contain the following quantities
of carbonate of lime:—

Sanktoria ... e «. 6612 per cent.
Réimnagar... oo w 6498 ”
Barmiri ... . . 6100

Mr. Tween has not been able to make a full analysis as yet of all the samples that
have been sent in for examination, and without such analysis, it is impossible to estimate
what proportion theoretically the kunkur should bear to fuel and ore, in order to produce
a suitable slag.

Well fused slag and clean button.—1 have, however, carried out some assays at the Mint;
and the result is, that with equal quantities of kunkur and ore, and using wood charcosl or
coke, I obtained a well fused slag and a moderately clean button of iron. I have not made
the number and varieties of assays that I should like to, owing to the necessity of sending
in a report at an early date; but the possibility has been demonstrated of using kunkur as
a flux on a small scale.

The assays were performed in unlined plumbago crucibles. My first experiment was
unsuccessful, as I could not get up heat enough in the small table gas farnace which Colonel
Hyde placed at my disposal. My after attempts with the use of coke in a wind furnace
were more fortunate.

No.1l. Ore ... 100 grains (Kiilti ironstone containing by
wet assay 42 per cent. iron).
Kunkur o 100 , (RAmnagarkunkur containing
85 per cent. carbonate of lime).
Charcoal 30 ,, (Wood charcoal).

Percentage of iron 45°0; slag perfectly fused, grey. Button of iron, dark-grey, crystalline,
broke rather readily under hammer. Two or three sorts of metal embedded in the slag.

From the appearance of the iron, the ore will probably reduce easily.

No.2. Ore .. 150 grains.
Kunkur - 150 ,,
Charcoal e 0 ,

Percentage of iron 44-7; like all dry assays, the percentage of iron is shown to be greater
than it actually is. Slag, greyish-green, a few beads of iron adhering to outer surface. But-
ton, dark-grey on fractured face. Does not split at first blow, but flattens somewhat.

No.3. Ore .. 100 grains.
Kunkur w 100
Coke ... 30 ,, (coke from Calcutta gas works).

This was put into a smith’s fire, and the slag was not perfectly fused. It had a light
green colour. Numberless shots of iron at bottom of slag. Fractured surface of button, white.

No. 4. Ore .. - 100 grains.
Kunkur - 100 ,,
Coke ... - 30 ,, (coke from Calcutta gas works).
Slag, light grey, semi-translucent. Button on fractured face, white, compact.
No.5. Ore ... 150 grains.
Kunkur 150
Coke . - 40 ,, (coke from unwashed Sanktoria

coal-dust).
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Slag, light amethyst colour, clear, translucent. Button, on fractured face, dark-grey, coarsely
crystalline. The amethystine colour of the slag may be due to manganese.

No.6. Ore .. . 150 grains.
Kunkur - 130 ,,
Coke ... 80 , (coke picked piece of Sanktoria

coke),

Percentage of iron 440. Slag, slight amethyst colour, translucent. Button on fractured
surface, not quite so dark as No. 5, coarsely crystalline.

I made several other assays which [ need not refer to. My object was tosee whether
kunkur would do the work that was required of it. The less quantity, 130 grains in No. 6,
answered quite as well as 150 grains in No. 5; but I would recommend equal quantities of
kunkur and ore, because the coke contains sometimes a large amount of ash.

I have used throughout only the same flux that could be employed on the large scale.
Pure limestone is not known to occur in any quantity in or near to the Réniganj field. My
colleague, Mr. Mallet, however, has discovered a bed of it in the vicinity of the Madipdr
Branch Railway; and it is quite possible that when investigations in that neighbourhood
can be completed more may haply be discovered. The limestone is very pure, and is
only ten miles from the station, so that if railway rates for carriage were only cheaper, it
might be employed to supplement the kunkur of the Réniganj field. A large quantity
might easily be removed. I have been informed of another bed south of the Damidd4 and
near to Réniganj; but I have not yet had an opportunity of visiting it. From the ap-
pearance of the sample sent to me for examination, I scarcely think that it can be of
much importance.

Itis not to either of these limestones, however, that we can look for a supply of flux;
and Rotés stone is so dear comparatively to kunkur that I think we must depend upon the
latter material.

Amount of kunkur.—On the question of the quantity of kunkur available within the
field, I have consulted with Mr. Dejoux, Executive Engineer, who is at the head of the
Special Department devoted to lime, kunkur, and limestones, and he assures me that there
is an unlimited quantity. In this assurance Mr. Joll, who was for some time Executive
Engineer at Barakar, unites. Mr. Dejoux’s experience and special knowledge is so much
greater than my own that I prefer quoting his conviction to offering a decisive opinion of
my own. I examined several of the localities where lime was being made, and judging by
what I saw, I am inclined to think that there are very large deposits in the vicinity of
Barakar; both banks of the river are full of kunkur; and the quality of the material
appears to improve at some depth below the surface.

One advantage that would be derived probably from the use of Rotis limestone is,
that its average composition might be depended upon. As regards kunkur, I am not sure
whether this would be the case. Again, quoting Mr. Dejoux, however, he says that out of
numerous samples which he has analysed, he has found that its composition is much more
constant than might be anticipated from the nature of its origin, and that 55 to 65 per cent.
is the usual amount of carbonate of lime that it contains. If this be so,—and the analyses
now being made in our office will confirm or disprove this point,—we shall be able to regulate
the amount required for fluxing; but if the percentage of carbonate of lime be inconstant,
the working of a furnace is likely to be variable and the outturn of iron irregular both in
quality and quantity.

I trust I have made clear the case regarding kunkur: 1sf, that there is a large quantity
available; 2nd, that it can be used as a flux; but that unless its composition be pretty
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constant, there are difficulties in the way of its employment that might make the use of &
more costly but a more reliable limestone advantageous.

Until full analyses of many specimens have been made however, we cannot pass judg-
ment. Should they prove the composition of kunkur constant between certain limits, then
I think we may, without actual experiments on the large scale, declare it to be an appro-
priate flux.

CHoick oF 8rTe.—The tendency of the evidence brought forward has been to show that
the country in the vicinity of the BArfkar is best adapted for a site. No locality offers the
same advantages. It is nearer to the foreign sources of limestone at Rotés and in the Hazi-
ribagh district than any other part of the field. The best quality coals occur there; emsily
workable ores may be got; an abundance of kunkur can be procured ; sandstone quarries
are in actual existence; the Grand Trunk Road, and the Bérdkar branch, and Chord Line of
the East Indian Railway are in the immediate vicinity of all requisite raw materials; and
the land necessary for buildings, tipping room, &c., belongs, in great part I believe, to native
holders, who would probably dispose of it at more favourable rates than British holders.

Any definite selection of a site must of course be postponed for the judgment of the
mavager who may be appointed, but the choice ought to be limited between the meridians of
the SftarAmpir and Bérikar Railway stations, and a short distance north or south of the
Grand Trunk Road.

FURNACE BUILDING MATERIALS.—It is difficult to say off-hand whether certain stones
will have the property of sustaining the temperature which the chemical process carried on in
the furnace requires. In the selection of native stones, as also of artificially manufactured
stones, we must be guided chiefly by experience. There are quarries near the Bérfkar bridge,
from which the sandstone of the lower coal measures are obtained, and if those that are fine-
grained are selected, they will probably be found to withstand heat and the action of fluxes.

Soapstone.—Occurs in the Manbhim district, and dishes made from it used formerly
to be sold at Tald4ng4 ; source of supply is rather distant.

Fire clay.—Scarcely any attempt has hitherto been made to tarn the fire-clay, which is
found with many of the seams, to account. Messrs. Burn and Company, who possess pottery
works at Réniganj, have lately made a few bricks from the clay in the Réniganj colliery of
the Bengal Coal Company, and the manager, Mr. Cowhan, informed me that they were tested
at Jam4lpir, and were found to withstand the treatment they were subjected to much better
than English bricks. I believe fire-clay occurs at the Baséra colliery of the Réniganj Ocal
Association, but it has not yet been tested.

Coarse sand.—This is required for mixing with other materials. It can be obtained
from the rivers Barikar and Damid4.

Quartz.—This, like the above, may also be wanted for mixing. Large qunntatles are
procurable a short distance up the chord line, about Jamtarah.

Moulding sand.—Some moulding sand of very pure quality is obtained near Réniganj
from the Damtddd. I know of no other place where it occurs, but equally good sand may
possibly be found in the Barékar.

CoNCLUDING REMARKS.—Having shown that the materials essential for the manufacture
of iron exist, I will now point out what the probable cost of coal, iron, and kunkur per ton
will be.

Coal.—A very fair estimate is Rs. 2-8 to Rs. 3 a ton.

Iron-ore.—The price of ore delivered at the works will probably be Re. 1 a ton.
The rates at present paid by the contractors who obtain ore from the Kdlti estate of the
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new Birbhiim Coal Company is only 5 annas a ton, or Rs. 1-8 per hundred cubic feet loosely
heaped ; but as the ore is close to the surface, I have trebled the rate in order to cover
extra expenses when deeper workings are opened out. Any information about the rate paid
for assistance, although imparted to me by a contractor’s Sirdar, may not be correct, as
natives sometimes make misstatements. Whether this be so or not however Re.1 a ton
is a liberal estimate.

Kunkur.—This material ought to be procurable at Rs. 1-8 a ton, or Rs. § a hundred
cubic feet.®* Mr. Joll, Executive Engineer, roughly values unwashed kunkur at Rs. 1-6
a ton. In order to be on the safe side however, let the rate in all calculations be Rs. 2.
I find that Rotés limestone, taking the very lowest estimates, will for equal quantities
be exactly ten times the cost of kunkur when delivered at SitArAmpir.

Thus, 100 cubic feet of limestone conveyed from Rotds to

Lakiserai by water the whole way .. Re. 18 0 0
Railway freight from Lakiserai to SitAr&mpiir o » 47 00
Unlanding and landing charges, and so on ... w » B8 00

Total .. Rs.70 O O

or Rs. 20 a ton as compared to Rs. 2; but as Rotés limestone will probably do three times
the amount of duty that kunkur will, the comparison is as Rs. 6 to Rs. 20. Considerable
advantage would be derived from the use of Rotés or any other comparatively purer lime-
stone, because in the employment of kunkur, there is an increase in the weight of material
to be passed through the furnace for the same produce of metal.

Occasionally, as T pointed out before, an impure limestone may be more suitable for a
flux than a pure one; but in kunkur the impurities are somewhat too great, not to make it
advisable, bearing in mind relative cost, to substitute a better material.

Cost of manufacture.—The simple cost of the manufacture of pig-iron per ton, leaving
out of consideration the interest on oost of furnaces, management, and so on, will, according

to my figures, be—

Rs. A. P.

Ore 3} tons at 1 3 80
Kunkur 8% ,, at2 . 7 0 0.
Coal (large) .. 3% , at3 . 10 8 0
Coal (small) 0 8 0
‘Wages 2 80
24 0 0

I have allowed liberally both in the amount of material and in the matter of cost.
Mr. David Smith, who made very oareful calculations in 1856, showed that with the price
of home manufactured iron as it then ruled, and with the estimated cost of pig-iron at
Rs. 20-8 per ton,t there would bea considerable profit. I think there can be but little doubt

* The ton is calculated a8 27 “ mans,”

Iron-ore o ... 100 cubic feet = 135 mans =5 tons,
Kunkur w100, , = 9% , =% ,
Limestone e . e 100 » w=9 , =% ,

+ Mr. David Smith’s report on iron districte of Bengal, 1856, p, 19. His figures are for simple cost of manufac-
ture as mine are,
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that if there is demand enough in Indian markets, iron may be manufactured in this
country and sold at a much cheaper rate than imported English iron can be bought for.

There are always difficulties inherent in the starting of new undertakings ; but we have
the beacons of past failures in other parts of India to steer our way by. If any of the
Companies at Réniganj who possess their own coal, iron-ore, and kunkur were to take up the
project of iron smelting, they would have immense advantages over Government in respect
of cost of raw materials; should, therefore, the present attempt be in the least degree
successful, it will be a guarantee to all Companies of the value of their own resources.

THEODORE W. H. HUGHES.

NOTE ON THE HABITAT IN INDIA OF THE ELASTIC SANDSTONE, OR 80 CALLED
ITAcoLUMYTE.

Although within the last twenty years members of the Geological Survey have frequently
passed within sixty miles of this interesting locality, no one has been able to visit it—so
great is the difficulty and loss of time involved in making the shortest excursion off the
main highways in India. At last an amateur has come to the rescue; and it is to be hoped
the example will be followed elsewhere, for official geologists, having to work by rule and
measure, can rarely supply the place of the genuine amateur in the repeated contemplative
observation of local conditions. Geology has boasted of several distinguished and devoted
amateurs in India. The recent comparative scarcity of such labourers must be due to the
greatly increased activity of official life, and not to any growing distaste for recreation in
scientific pursuits. Colonel McMahon, Commissioner of Hissar, has sent a box of specimens
and some very interesting notes illustrative of the only known position of the elastic sand-
stone. The description is given as far as possible in his own words.

Kaliana is five miles west from Dadri, a town in the Jheend state, sixty miles nearly due
west from Delhi. The hill, which is one of the Trigonometrical Survey Stations, is 1,477 feet
above the sea, and about 740 above the plain. It consists of a long ridge, running for some
miles in about a north-north-east direction ; one of the many such ridges which in this region
of the Punjab stretch far into the plains, the alluvial areas between them being confluent
with that of the Indo-gangetic deposits. These ridges are prolongations of the Aravali
mountain system, and are approximately on the line of the Indo-gangetic watershed. The
ridge of Futehpur 8ikri, running north-north-east to within a few miles of Agra, is the most
westerly member of the Aravali system of disturbance; it is formed of up-turned Vindhyan
rocks, being the western limit of the great spread of these ancient deposits, stretching from
here round by Saugor to Sasseram in Behar. In examining the ground to the west of
Agra, the Survey geologists have been a little puzzled by the position of the elastic sand-
stone ; this name, and the superficial appearance of the stone, leading one to expect s
recurrence of some unaltered rock-group, perhaps an outlier of the Vindhyan series. It is
an excellent illustration of the way in which deeper geological meanings become attached
to words based originally upon superficial characters, involving of course a reciprocal restric-
tion of the extension or denotation of the term. This stone is in reality only a very local
and modified condition of a massive quartzite, which is the general name for metamorphie
sandstones.

" The highest part of the ridge immediately overhangs the village of Kaliana. Itis
here double-crested, the projecting ribs being formed by two strong beds of ironstone, a quart-
zite strongly impregnated by massive specular iron (black hsmatite) and some magnetic
iron, strings of pure ore occurring locally in the mass. These bands of ferruginous quart-
zite are regularly interstratified with the mica and hornblende-schists ; and the earthy cellular
quartzite so largely quarried for millstones is distinctly an intercalated member of the same
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geries, all being nearly vertical. The elastic sandstone is only found in patches in this band
of millstone quartzite. There is no regular bed or seam of it; the stone-cutters, of whom
there is quite a colony at Kaliana, come upon it suddenly when cutting out slabs of the
ordinary stone. Often the rock in immediate contact with a nest of elastic sandstone is
bighly indurated and quartzase. The stone-cutters declare that they sometimes find it in
the line of the bedding, and sometimes along the joints. Their idea of the matter is, that
it is a mere local peculiarity of the sandstone rock caused by the percolation of rain water
and miti (earth) from the surface. If the mifi had been omitted, the native explanation
is probably the correct one. The only superficially noticeable difference between the two is
the greater porosity and friability of the elastic stone, owing probably to the removal of
some thinly permeating cement to which the strong rigidity of the quartzite is due. Among
the rocks sent by Colonel McMahon there is a variety of this pseudo-metamorphic rock in
which the earthy ingredient prevails largely over the quartzose. Its aspect is somewhat
like that of a half-baked fire-brick; and it would seem as if it had only needed a modicum
of some alkaloid base to have converted the whole into a form of gneissic rock.

There are two myths connected with these elastic sandstones which it is desirable to
discredit. One is its supposed connection with diamonds. In India at least there is no
shadow of such connection. All the widely scattered diamond localities seem somehow
connected with members of the Vindhyan series of rocks. And, on the other hand, there
is no tradition of diamonds at Kaliana. The idea comes from Brazil, whence also the faney
name Itacolumyte ; it is probable that the connection is quite imaginary.

The other notion is, that the elasticity is attributable to talc, or mica. However this
may be true of the Brazilian variety, there is no pretence for it in the Kaliana rock; the
few small plates of mica in it are quite isolated, the rock not having any schistose (foliated)
structure. The only tenable account of this property of elasticity is that given by Pro-
fessor Haughton, whose name is a full guarantee of correctness :—* A most remarkable cir-
cumstance sometimes occurs in the formation of these sandstones, which are not composed
of pure particles of quartz, but of clay mixed with them, namely, that the particles of
quartz mixed in this clay or paste are permitted a certain amount of motion. If you take
an ordinary sandstone, it is like any other rock ; and with a lens you can see the separate
particles, and that each separate particle is touched on every side by a number of other
rounded particles that hold it in its place, and it in turn contributes to hold them in their
places, so as to form of the whole a rigid rock like any other. But, occasionally, in some
rare cases—which, as far as I have any knowledge of them, are cunfined to Brazil, South
Carolina, and Delhi—you have a rock composed of particles of sandstone, which are not
in contact with each other, but lie in a paste of felspathic clay, which puste permits a cer-
tain amount of motion between the particles of the mass.” (Haughton’s Manual of Geology,
Lecture II, p. 51). It would seem that in the Kaliana rock, doubly metamorphosing con-
ditions were concerned in its production—a solidifying process to give tenuity to the earthy
paste, and a partial dissolution to remove the rigidity of its first solidification.

Elasticity, in its vernacular sense, is a misleading name for the character of this stone.
It bends without the least sensible increase of resistance up to a certain limit, where it comes
to hard stop. Mr. F. R. Mallet found that a slab of the Kaliana stone 24'5” x 67" x 18",
resting on supports 24" apart, gave a deflection of 0'7”; and that after saturation with
water the deflection was reduced.to 065.

On the west side of the Kaliana hill and not far from the top there is an old mine
cut into the ironstone. It is said that three generations ago it was worked for copper. In
a piece of schist sent from this spot, there is not the slightest trace of copper staining; but
the mica has a very decided copper colour, which may have been the beginning and cnd of
the mining experiment.—H. B. M.
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GerorLoarcal. NoTes oN PART oF NorTHERN Hazimieiem, by F. R. MaLLET, F.0.5.,
Geological Survey of India.

In an early number of these Records (Vol. II, p. 40, 1869,) a brief notice was given of
the metamorphic rocks of Bengal, in the northern part of their ares, from the Karakpur
hills at the north-east corner of the rock-area of the Peninsula, along the lower valley of the
Ganges and the S6n valley, into the valley of the Narbada, where all the older formations
pass under the Dakkin trap. Throughout that distance, in a west-south-west direction,
and corresponding with those very marked orographical features, the gneiss is fringed by less
metamorphoeed rocks—schists, slates, and quartzitee. To give shape to the study of these
rocks, more than from any compulsion of decided views, a tentative olassification was then
attempted, upon general stratigraphical reasoning, occasionally against the apparent (primé
JSacie) evidence of local sections. The series thus indicated consisted in chronological order
of—1st, a fundamental gneiss (undiscriminated); 2nd, gneissio schists and quartzites (of
Mahébar) corresponding to the less metamorphosed slaty schists and quartzites to the north
(R4jgir); 8rd, massive gneissoid (foliated) granite, mostly forming domee; 4£4, flaggy
schists and gneiss with quartzites and amorphous psendo-gneiss, sometimee conglomeritic
(Lakisarai, Betia, Sukri, infra-BijAwars of Bandelkand); G6¢A, intrusive invasion
of pegmatite; 6¢h, BijAwars (of Bandelkand aud the Agori zoue of the Sén valley).

The hazardous points of this scheme were known to be—the doubtfully granitic (exotic)
character of any of the dome gneiss, and principally, the supposition of gneissose rocks
(No. 4) greatly younger than the schist and quartzite series (No. 2). Both positions were
placed primarily upon the same general evidence—the universally intense folding, with
cleavage of the schist and quartzite series, compared with the frequently moderate disturbance
in a portion of the gneissic rocks, which, moreover, seemed to occupy a position of general
superficiality as regards the main body of the gneiss and to contain locally débris of the
quartzite series.

The detailed survey of which these notes are a first instalment was undertaken in the
hope of working out some more definite views upon rocks forming so broad a feature in the
geology of India. The observations refer to what seemed to be a key to the position, where
the schists and quartzites of Mahabar are well exposed in connection with the gneiss. The
area especially referred to is contained in sheets Nos. 7 and 8 of the new tupographical survey
of HazAribigh district, on the scale of one-inch to the mile, of which sheets this note may be
taken as a description; some observations, however, referring to the adjoining ground where
the geological mapping was incomplete. As the survey of this region has been interrupted
by orders of Government, in order to take up the examination of some supposed coal-bearing
ground at the base of the Eastern Himalaya, it is well to make a record of the work
so far done. Thus far the views suggested by the sketch-survey have mot been upheld
as applicable to the section here; the massive dome-gneiss, of which some magnificent
cxamples occur, is not proved to be in any special sense intrusive, or foreign to the rocks with

which it is associated; and the flaggy schists with quartzites of the Sukri seem to bean.

irregular basal member of the Mah&bar series, rather than a much later and independe'nt
group; however this relation may still be maintained for the conglomeritic pseudo-gneiss
of Lakisarai and Bandelkand.

Immediately to the south of the above-mentioned area (that included in sheets 7 and 8)
spreads the comparatively level highland of Karrakdiha, the extreme edge of which invades
sheet 8 in one or two places, as at Gajhandi and Simmeria. To the north again of the
Mababar and Bhiaura ranges, the alluvial planes of Bihar stretch to the horizon, save
here and there where some outlying hill breaks the continuity of the prospect. Tho area
under discussion, therefore, comprises a part of the jungly and hilly country which marks the

—
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descent from the open and cultivated Hazdribigh platean to the Gangetic plains. This
broken interval varies very much in breadth ; in the south-west corner of sheet 8 we have
8fdwatdnd and Bishanpur respectively on the plateau and alluvium and separated by
less than a kos, whilst from Simmeria some fifteen miles must be crossed before the
alluvium comes in sight along the northern base of the MahAbar hills,

Only two prominent groups of stratified rock are present: the metamorphic composed
mainly of gneiss, with runs of hornblende rock, and the submetamorphic* which is made up
almost entirely of mica-schists amd quartzites, with some hornblendic bands. It is scarcely
necessary to say that the quartzites and the more granitiform varieties of gneiss form the
highest and most imposing masses of hill, e. g., the Bhiaura and Mah&bar ranges,
Durbésha and Maramoko Hills, whilst instances sre not uncommon in which the lines of
drainage have been scooped out of the softer schists, as in the western part of sheet 8.

MgzramorrHICs.—Lithologically the gneiss presents few characteristics differing from
the ordinary ones which have been so often described elsewhere. The actual gneiss itself is
usually composed of felspar having commonly a red color, although sometimes white, quartz,
and uniaxial mica in small dark green or black scales. Hornblende rock and schist are
very abundant, varying in texture from a compact stony variety to one in which the
foliation is very prominent. Subordinate runs of mica-schist also occur, some of which
are composed of a mixture of black mica and hornblende with quartz, others of silvery
mica with quartz ; the latter variety is similar in appearance to some of the mica-schists
of the submetamorphic series, although clearly interbanded with and passing into the

gneiss.

Seldom are more perfoct examples of the dome-shaped form of hill into which the gneiss
sometimes weathers to be found than in the present area. Two cases are more especially
prominent; the hills which run along the north side of the Bhiaura range and those which
internally fringe the quartzite ridge north of GAwan. In the former instance the domes
extend from Bélchaki eastwards to north of Dhubni, the rock throughout being a very
homogeneoust compound (viewed on the laige scale) of white felspar, quartz and black miea,
containing also ill-formed porphyritic crystals of similar felspar. Nearly vertical foliation
is almost everywhere clearly marked, even on the smooth rounded faces of the hills, running
parallel to the quartz ridge on the south. In the previous notice of these rocks already
alluded to, while the foliated character of the rock forming the Bélchaki domes, and the
absence of dykes ramifying from it into the adjacent quartzite, is noticed, the possibility of
ita being, notwithstanding, of a truly granitic character is suggested, partly on stratigra.
phical grounds and partly from the appearance of reaction of the rock in qguestion and the
quartzite on each other. My own more detailed examination, however, has led me to regard
it as belonging to the metamorphio series. It certainly is more homogeneous on the large
scale than the mass of the gneissose rocks; it does not include subordinate bands of other
rocks such as hornblende or mica-schist. I think, however, that this is due, not to the homo-
geneous and the mixed rocks being distinct in origin, but to the fact (as I take it) that
homogeniety is a necessary element in the production of the domes, and hence that it is only
such portions of the gneiss as possess this homogeniety that weather into domes. The
gneiss north-west of Churki for instance, and again at Pokriamo, is itself exactly of the B4l-
chaki type, but it is interbanded with layers and beds of hornblende schist, and in neither
case have prominent domes been formed.

* The prefix ‘sub’ is used here, as in previous papers in these volumes in the same connection, to denote an
inferior degree of metamorphism, and has no reference to the stratigraphical position of the rocks in question.

+ In the valley south of Bélchaki there is a low hillock formed of what I take to be hornblende rock,
although possibly trappean. This is the only exception I have observed, and it is in the valley between the domes,
not in the domes themselves.
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Small veins of segregitioc pegmatite, having the same composition as the surrounding
rock, from which they only differ in largeness of crystallization, are not uncommon in the
gneiss ; they seldom exceed two or three feet in thicknees, are sometimes short and lenticular,
in other cases traceable for some little distance. It is sometimes not easy to distinguish
these from the granite veins to be described further on.

Limestons.—Caleareous rocks are very rare in the metamorphics of this region. In
fact I have observed none in sheets 7 or 8 except a thick band of dolomitic limestone at
Dhelwa (north of GAwan), which may, however, belong to the submetamorphic series,
and a few thin layers of the same rock close to GAwan.

In the bed of the Patru nadi, north-east of Qulgo, (east side of sheet 3) the following
section is exposed :—
a.—Hornblende schist overlaid by

b.—Largely crystalline white limestone containing scales of light green mica here
and there ; this bed is about 6 feet thick, and is covered by

¢.—A peculiar mixture of garnet and coccolite containing traces of galena and copper.
In places the two minerals are well intermixed, in others the garnet occurs ins
pure massive form (so called calderite) ; only a few feet of this rock (c) is seen.
The beds in this section, which is on the south side of the stream, dip at about 15
to east-north-east, and the same strata are seen on the opposite side also, the distance from

bank to bank, or length of visible outcrop, being perhaps 50 yards. An analysis of the
limestone by Mr. Tween yielded—

Carbonate of Ime ... s o o o . 8880
» magnesia o . oo w307
Oxide of iron and alumins s s w61
Insolable ... " ~ ™ . 718
9966

The locality is worth notice, as being within fifteen miles of Mahishmon station on the
Karharbari branch of the East Indian Railway, over a country traversable by carts; more
especially so in the event of iron works being started at Réniganj, the distance of which
from Mahishmon is seventy-nine miles by rail. The bed is thin no doubt, but it may extend s
considerable distance, and perhaps increase in thickness along the strike, and there is further
the possibility of its being brought to the surface elsewhere in the neighbourhood by rolls in
the strata. These points can only be determined by a close survey of the ground, which is
beyond the limits of the area at present completed. A limited supply of very good
mineral, either for burning or as a flux, can, however, undoubtedly be obtained there,
whilst there is the possibility that if the bed were opened out, it would prove of considerable
value. The nearest known locality where limestone occurs plentifully is RhotAsgarh on the
S6n, the transport of stone from which to Réniganj would involve over eighty miles of river
and 236 miles of railway carriage; a bed, therefore, like the above, although it may perhaps
not prove to be of much importance, is still well worth a trial.

Lead-ores.— Galena is sparsely disseminated here and there through the garnet and
coccolite rock mentioned above, as overlying the limestone; and minute specks of copper
pyrites and blende are also visible, the rock in one or two places being stained bright green
by copper.

On the north bank of the river the beds are cut through by a nearly vertical granite
vein, which also contains traces of galena, and the felspar in which is partly amazonstone,
the color being probably due to copper. Both lead and copper, however, merely occur very
sparingly disseminated through these rocks. There is no indication of a lode, or any

- — e - -———— e
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reason for supposing the ores to exist more plentifully in the vicinity. The locality was
pointed out to me by the agent of the zemindar to whom the land belongs as one in which
lead had been found. He had caused some excavations to be made in the hope of finding
more, which I advised him to discontinue.

I was also informed that some loose fragments of lead-ore (cerussite apparently from
the description) had been found loose on the surface of the soil just east of Mehand&di
(sheet 3) about a year ago, and also to the south of the village; and that on digging in the
latter locality some more was found two or three feet below the surface.

Cerussite was found by some Santhils, from one of whom I obtained a specimen, under
similar circumstances at Barhamasia (sheet 8), some five or six years ago, and a small
quantity of lead smelted from it, after which it appears they closed the hole up in order
to keep the discovery a secret. About two years ago also a SBonAr was looking for pieces
of kankar, to make lime for pin, near the village of Nauw#da, south-west of Dhurgaon
(sheet 9). On putting some pieces of what he supposed to be such in the fire in order to
burn them, he was rather surprised to find globules of lead to have resulted from the
operation. He then searched the locality for more, but failed in finding any at the time.
In the rains, however, when the earth had been washed away from the loose surface stones,
he found a few pieces, aggregating about half a sfr, from which he obtained a small quantity
of lead. The ore in question is a dark red cerussite, like that of Barhamasia; and
similar fragments are said to have been found close to Khesmi (sheet 9). Iun all these
localities they probably indicate the existence of lead-ore somewhere in the vicinity, but not
necessarily at the immediate spot, as they appear in every case to have been found either
loose on the surface or embedded in the surface soil. They furnish no evidence of the
presence of lead in workable quantity, although there is of course the poesibility of the
existence of such. It would perhaps be worth while to expend a small sum in examining
the localities at Barhamasia and south of Mehand4di.

Tinstone.—Tiun-ore was worked some years ago at Nurgo, a village just south of the
Barikar and about three miles from Leda (eight miles west of Karharbéri). The original
discovery of the tin appears to have been purely accidental on the part of some Kols, who
baving dug up the ore and smelted it as one of iron, were surprized to see what they took
for silver, flow from the tap-hole. They endeavoured to dispose of it as such at Raniganj,
and there learnt its true nature. They then abandoned the pit, and after a few years the
exact locality where it occurred was forgotten. Subsequently a Mr. Lord determined to
work the ore, and after several trial sinkings succeeded in hitting upon the right spot.

The ore occurred in three or four lenticular beds or nests in the gneiss, the cross section
being lenticular and seldom more than a foot or two across, although at one or two points
as much as thirteen, while the nests extended over 20 yards in a direction nearly parallel
to the foliation of the gneiss, from the outcrop to the limit of the workings. The gneiss
(which is of a thinly foliated, rather rotten variety, including a few thin segregitic seams
of pegmatite) dips at about 25° to E.10° N., the nests consequently having a similar direction.
The ore consisted of gneiss through which crystals and grains of tin were thickly dis-
tributed. Mr. Deveria, Mr. Lord’s manager, followed these tin-bearing nests for about
20 yards by an inclined gallery;* the tin was then decreasing rapidly in quantity, while
the rock was barder, and a large quantity of water draining into the mine; and hence the
gross receipts being less than the working expenses, the mine was abandoned.

During the time it was worked, the ore after being brought to the surface, was broken
up while still fresh (as it hardened considerably by exposure) with a common country dheki.

* My friend Mr. T. H. Hughes had an opportunity of seeing the mine when open, and it is from his notes that
this brief account is given.
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The pounded ore was then placed in & basket and washed by band, by which means most
of the lighter impurities, chiefly quartz and felspar, were removed. Subsequently afler
drying, it was sifted in a chop (winnowing basket) to separate the remaining sand. When
a sufficient amount of ore had been accumulated, it was smelted with charcoal in an ordinary
aguriéd’s furnace, the charges being the same as those used in iron smelting. The tin,
after being run out and cooled with water, was broken up, the clean metal laid aside pre-
paratory to casting, and the rest, which was much mixed with charcoal, returned to the
furnace. The clean tin was re-melted in a large open iron vessel and ladled out into moulds,
holding about 40 fbs. of metal each. Altogether only about twelve maunds of tin was
produced, as I was informed by a native of the place who had worked under Mr. Deveria.

Magnetic iron.—There are a few ferruginous bands scattered through the gneiss,
containing a certain proportion of magnetic iron. I have not observed any very rich ores,
although poorer ones are often smelted by the native “agurias.” Magnetite is also sometimes
disseminated through the gneiss itself in small quantity, and collects in some of the stream
beds to a trifling extent.

SUBMETAMORPHICS.

Relations to Metamorphics.—The difficult question of the relations between the
metamorphics and submetamorphics is one which must eventually be decided by a review of
the entire area, or at least of a large portion thereof, unless, indeed, we are fortunate enough
to obtain some crucial sections which will prove a key to the solution of the problem. Such
sections, however, are not available in our present ground.

Starting with the identification of the Mahidbar schists and quartzites with those of
RAjgir and Karakpur as suggested by Mr. Medlicott, we shall find that whatever may be
the case elsewhere, there are no iudications here of strongly marked unconformity to the
gneiss. Taking, for instance, the line of junction between the quartzite and gneiss north of
GAwan, we see that it bends round successively from N. W. to N. E,, E,, 8. E. and E. N. E,
the strike of each rock being throughout parallel to the boundary ; and not only do they agree
in strike, but also in dip. Along the greatest portion of the above line the gneiss underlies
the quartzite ; but near Giwan, and also at Hardiha, the reverse is the case (the strata here
being inverted) ; throughout also, whether the dip be natural or inverted, it is equal in both
at any given point.

Individual sections are also obtainable in which the same absence of unconformity is
apparent. Thus, where the stream cuts through the quartzite ridge due north of Moman-
kbitin, the last gmeiss seen is well foliated, dipping 60° to N. 20° E., and composed of
reddish felspar, quartz and schorl, the last being aggregated in places into large masses of
crystals. Twenty yards lower down stream (higher in the section), and with similar dip, is
granular quartzite composed of translucent grains; a little lower it contains small innate crys-
tals of schorl and mica. Beyond this is more quartzite with a small included band of mica-
schist, and the Dadho range is entirely of the latter rock. North-east of Birne, again, the
gneiss is schistose, and the quartzite somewhat felspathic near the junction, so that the two
rocks have the appearance of passing into each other within a few yards across the strike.

The same parallelism of strike is also observable on the large scale along the Bhiaurs
junction, from Bélchaki to Dhubni, in the dome gneiss. South-east of Belghati,
however, the strike is not sufficiently regular to allow one to say whether, as a whole,
it is parallel to that of the quartzite or not. The gneiss here is much mixed with
hornblende schist, &c., and I do not fhink the beds are the same as those which form the
domes. Here, then, is perhaps a case of unconformity, although it might also be explained
by faulting.
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Micaceous quartzite is again seen in the hills west of Manjne, being, I believe, the same
as that to the east; but the junction with the gneiss is here somewhat different. From
Deothan to Pacharidi the dip is mostly under 30°, the rocks in the southern part of
the section being schistose hornblendic gneiss (dome gneiss in the hill north of Deothan)
with hornblende schist and rock ; these become more schistose to the north-east and pass into
mica-schist, above which again is schistose quartzite.

Quartzite is again found to overlie the gneiss in the western part of sheet 8, whilst in
the centre of the same the mica-schists are in immediate contact. It may, perhaps, be
suggested that the quartzite should be included with the gneiss, and the boundary between
the two series drawn above the former, the absence of quartzite in places being thus due to
unconformity. It will be found, however, when describing the submetamorphics, that while
there is generally, at least, a well-marked junction between the gneiss and quartzite, none
such is obtainable between the latter and the schists ; it is, however, to be observed, that the
junction of the schists with the gneiss is also everywhere one of passage, sometimes gradual,
sometimes tolerably sharp, but still a passage; and the foliation of each rock is always, as
far as my observations extend, parallel to the common boundary: at least, if there be any
deviation it is so slight as to escape detection.

Some local cases have been mentioned abave, in which the gneiss overlies the submeta-
morphics at high angles.  Such are, undoubtedly, invertions of the strata, the metamorphics
being clearly the lower series. Amongst other examples in which the true superposition of
the submetamorphics is apparent, I may mention the Deothan section, the band of
quartzite north of Gawan, and the schists flanking the gneiss hills north of Bhulédi.

Although no unconformity is discernible between the two series in the present area, this
does not necessarily militate against the unconformity which has been supposed to exist else-
where. In the Vindhyans of Central and North-Western India, we have an example of a
great formation, which, notwithstanding its age, is undisturbed over large tracts of country ;
whilst in other areas, like the Dhar Forest, the strata are highly contorted. If on such a
formation another great series were deposited, the two would clearly be unconformable to
each other, although such unconformity would not be discernible in many places ; and if
at some subsequent epoch both were grently disturbed, the resulting relations of the two
series to each other would perhaps bear some resemblance to those of the metamorphics and
submetamorphics.

Stratigraphy.—If a section be taken from north to south across the Bhiaura range, a
little to the west of the trigonometrical station, the following succession of strata is passed
over in ascending order—the dip throughout being to the south at high angles, but decreas-
ing somewhat from north to south, the gneiss & being nearly or quite vertical, while the
mica-schists & are inclined at 60° or 70°—

a.~Gangetic alluvium of Bih4r.

b.—Gneiss forming dome-shaped hills.

¢.—Small band of mica-, with probably some hornblende- schist, fragments of the latter
being strewn about.

d.—Quartzite forming the ridge on which the trigonometrical station is situated ; some
portions are a hard, finely granular rock, breaking with a sub-vitreous fracture,
and oocurring in beds from one to two or three feet thick, in which no schistose
structure is developed; others are coarso-grained and micaceous, and micaceous
flaggv beds are also met with.

e.—Hornblende rock and schist, with mica-schist and interbanded layers of quartzite. In
some of the hornblende schist the foliated structure is well developed ; elsewhere
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the rock has sometimes a very trappean aspect, and I am not sure that some of
it is not trap, either contemporaneous or more probably in dykes parallel to the
foliation. A very clear-cut line of demarcation between it and the quartzite is
sometimes visible, and that there is more or less trap hereabout is certain from
an observation on the top of the ghit which crosses the quartzite ridge north
of Phulwaria. Here a band of greenstone, about 15 inches broad, is seen run-
ning N. 10° E., or nearly at right angles to the strike of the quartzite. It can
only be traced for 10 or 15 feet, but is clearly a dyke.

J-—Quartzite similar to c.
g.—Hornblende rock and schist with mica-schist, &c., similar to d.
k.—Quartzite similar to c.

t.—A very thick band of hornblende rock and schist. Much of it is of the former
variety ; but the schistose structure is very common also, and the rock sometimes
contains a considerable amount of quartz in seam-like nests here and there.

J-—A broad band of schistose, micaceous quartzite. It is coarsely granular, and much
softer than the quartzites to the north, so that it does not, like them, rise into a
lofty ridge. It contains a good deal of interbanded mica-schist, and the mica-
schist to the south () contain subordinate layers of quartzite, the two rocks not
being clearly demarcated from each other.

k.—Mica-schist, passing in places into arenaceous schist, and thence into micaceous
quartz schist. No distinct line can be drawn between these, but the main mass
of the rock is mica-schist. Along the southern face of the hills it is full of
small crystals of garnet and andalusite, the latter sometimes so plentiful as in
weathering out to cover the surface with gravel.

l.—Gangetic alluvium of the Sakri valley.

The quartzites d, f, and A of the above section form three lofty parallel ridges (the
valleys between being occupied respectively by the beds ¢ and g), and the possibility of
their being in reality the same beds repeated by folding at once suggests itself. Detailed
examination of the range, however, did not lead me to adopt this view.

In following the strata towards the west, e and g are found to disappear, and the three
quartzite ridges join into one, in which d, f, and 4, may be, and probably are, all represented.
The hornblendic band ¢ also thins out in the same direction, and where the Sakri river cuts
through the range, nothing but quartzite rises above the level of the allavium, forming a
ridge of greatly reduced elevation. A few miles further on, Mr. Medlicott found it gradually
to come to an end also.

To the east, again, we find a great twist in thestrata at Dhubni, and ¢ and g can only be
traced a short distance beyond this point; hornblende rock, however, is again visible on the
top of the ridge east of Mokrumo; i and s also thin out to the east, so that at Nurpéni
H. S. and beyond, the range is again reduced to a single band of quartzite.

It will be observed that all along the Bhiaura range the strike of the foliation
of the schists corresponds with the direction in which the different alternations of
rocks themselves run. Generally speaking, the bedding and foliation of the mica-schist
lie in the same plane, although instances are not unfrequent in which they do not
do so. In the former case, the rock has a tendency to weather into more or less slab-like
pieces, whilst we find it to split much less easily where the foliation and bedding differ, and to
weather into featureless hillocks, like those of Dumduma (sheet 7).
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The section across the Ghagra valley is a synclinal, the band of quartzite north of
G awan being clearly the same as that at Nurpéni. It turns round again in sheet 2
(as observed by Mr. Willson), and re-enters sheet 8, near G 4 w a n, where it again bends round
sharply to south-east. It is here interbanded with hornblende- and mica-schists, the section
in this respect resembling that of the Bhiaura range.

There appears to be another synclinal in the Sakri valley below Birne, the
quartzites on both sides being, I believe, the same ; that on the left, however, is softer and
more micaceous, much of it, in fact, verging towards a micaceous quartz schist, and passing
insensibly into the mica-schist below. The same rock much mixed with mica-schist, and even
gneissose beds, is found again north-east of Pfhra, the boundary between it and the
metamorphics being a faulted one, indicated along the greater portion of its length by a line
of hornstone.

Further south still, the mica-schists are most commonly, but not always, found in direct
contact with the gneiss. The rock in the neighbourhood of Rajpura is of a very inde-
finite character, every gradation from quartzite to mica-schist being found, but too much
mixed up to admit of separation. In the western part of the sheet, as I have previously
pointed out, the quartzite makes its appearance again, but in the Ratanpur area the
schists are the contact rocks, there being here, as elsewhere, a passage, sometimes gradual,
sometimes tolerably sharp, into the gneiss. North-west of the above-mentioned village the
mica-schist contains abundance of staurolite. .

In Mahébar Hill we have the highest member of the series present in this part
of the country: a great thickness of quartzite overlying the mica-schists. At the mouth
of the Mangraun gorge the junction of the two rocks is well seen, there being a complete
passage from one to the other in about 20 yards; half-way between thin layers of both
are interstratified. The quartzite forms a great synclinal, dipping everywhere (at the ends
of the hill as well as on the flanks) into the hill at angles mostly from 30° to 80°. 1In the
central part of the range the rock is so crushed, that the bedding is sometimes quite obscured.
In some cases also, planes of what appear to be cleavage, are visible, having a direction differ-
ent from that of the bedding. This peculiar trough-like conformation, and the high in.
clination of the strata, is remarkably favorable to the retention of water, and the volume
flowing from the densely forest-clad gorges which wind in amongst the hills, strikes one as
exceptionally great.

The absence in the Patru valleyy of the large thickness of mica-schists, which is
present immediately to the south-west, must, I believe, be attribated to a fault with northern
downthrow. The junction of the quartzite with the schists however, and of the latter with
the gneiss, is natural, so that the fault must occur in the schists themselves. It is apparently
by another fault running north and south with western downthrow, that the quartzite is
brought almost in contact with the gneiss in the valley north of Kotiyér.

According to the above view, it will be seen that in Northern Hazdribéagh the sub-
metamorphies include three main subordinate groups, viz. : —

Makdbar quartzite.

Mica-schists, including subordinate bands of arenaceous and hornblendic schists.

Bhiaura quartzite, sometimes wanting, in other places attaining a great thickness,
and sometimes interbanded with hornblende- and mica-schists.

PraMATITE 6BANITE.—Through both gneiss and submetamorphics, but especially in the
latter, there is a large development of pegmatitic granite,* penetrating the older rocks in

* In most English standard works on geology pegmatite is defined as consisting essentially of quartz and
felspar, with little or no mica; and in some, a8 identical with graphic granite. Delesse, however, and Naumann
describe it as a very coarse mixture of quarts, felspar, and silvery mics, often containing tourmaline, It is in the
latter sense that the word is used here.,
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innumerable dykes and veins, as well as in larger masses. The rock is generally a very coarse
quaternary compound, composed of quartz, felspar, mica, and tourmaline, united in very
varying proportions.

The quartz is white and translucent to semi-transparent, and never, so far as I have
observed, presents any approach to crystallization. The felspar is sometimes orthoclase,
sometimes albite, the latter having an opaque white color: the orthoclase is also generally
white, but of a less pure tint; occasionally it is more or less reddish. The mica (muscovite)
generally has a smoke brown color in plates of moderate thickness, although colorless in thin
laminse. When perfectly unaltered and free from internal foreign matter, it is highly trans-
parent, but where decomposed, it loses some of its diaphaniety and acquires a more silvery
lustre. The plates occur of every size, up to 18 inches diameter or more, but such very
large ones are much less common as those of a few inches across. Occasionally, two minor
cleavages are apparent (oo P and o P ), parallel to the latter of which more especially, the
mineral divides into narrow ribbons, and fibres like asbestos, or, where both are present, it is
divided by them into equilateral triangles. Greenish-gray beautifully plumose mica is also
not uncommon, weathering out in small irregular masses above the general surface of the
rock. Dark-brown and olive-green biotite sometimes occurs, but even where most plentiful, it
is quite subordinate to the muscovite, which it never altogether replaces. Occasionally the
plates are some inches across, and include smaller interlaminated ones of muscovite.

Tourmaline is rarely entirely absent from the pegmatite, and most usually forms an
important ingredient in it. The crystals often attain a large size; those of two and three
inches across are common, and in some dykes they are met with over six inches diameter.
Owing to the great brittleness of this mineral, in comparison to the felspar and quartz in
which it is imbedded, crystals approaching perfection are rarely obtainable; the few I did
secure were of the common form coP2. ®R. — }R. Sometimes the prisms lie parallel
to each other and perpendicular to the walls of the vein, but this is far from being universal,
or even common, and it seems, as might be expected, to be more usually observable in dykes
of a few feet in thickness. The tourmaline is jet black with brilliant lustre, and the large
lumps often met with in the mica mines are superficially not unlike anthracite ; some of the
miners who have seen the Karharb#ri coal-field take them to be coal, but few of them have
any idea of what real coal is like. Small crystals of tourmaline are sometimes found imbedded
in plates of mica, with their principal axis parallel to the cleavage of the latter; crystals are
again observable penetrating others of the same species. It appears that the tourmaline was
generally the first to crystallize, the mica next, afterwards the felspar, and the quartz to have
resulted last.

The relative proportions of the different minerals vary greatly ; generally all four are pre-
sent, but in some places the rock consists chiefly of felspar and mica with little quartz, in
others it is made up entirely of quartz and mica, and the latter again diminishes in amount
until the rock passes into micaceous or into pure vein quartz. Graphic granite, composed of
felspar with a little quartz, is another variety occasionally met with. Sometimes the tourma-
line is absent, in other cases it is one of the most prominent constituents of the rock.

The pegmatite, as a whole, is very largely crystallized, but one of its most marked
characteristics is its unevenness of texture. In ome place it may be comparatively fine, but
here within a few feet a great mass of pure felspar, with cleavage faces a foot long, occurs, and
there another of translucent quartz, or perhaps these contain plates of mica over a foot across.
It is worthy of note that the coarsest pegmatite often occurs in dykes of only a few yards in
breadth, not in the large granitic masses, and it is in the dykes consequently that nearly all
of the mica mines have been sunk.
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Occasionally the granite occupies considerable areas, as south of Pihra, where in a large
mase of irregular hills no other rock is seen, and again south of GAwan; for a mile below
8&nkh the Sakri river flows continuously through it. Most commonly, however, it is
found penetrating the older rocks in dykes and veins, varying from 50 yards or more in thick-
ness, down to less than an inch. These are more usually roughly parallel to the foliation of
the rocks they penetrate, but by no means universally so. Many cut through quite obliquely
and irregularly, and ramify in various directions. They are mostly vertical or hade at high
angles (agreeing in this respect with the foliation), but instances occur where they are nearly
horizontal. Such horizonal dykes of greater thickness than usual may perhaps, in some cases,
give rise to the larger granitic areas.

The surrounding rocks seldom present much appearance of alteration in the vicinity of
the granite; generally the junction is quite sharp, and the beds in immediate contact not
different from what they are at a distance. It is to be remembered, however, that these beds
had perhaps already undergone metamorphism before the introduction of the granite. Some-
times there is a rapid passage of & few inches from one rock to the other,as if the strata in
immediate proximity had been fused or greatly softened. . South of Pihra, the mica-schists
south of the large spread of granite there, pass into gneiss near the junction; but as there
is always a gradation from the mica-schist into the true metamorphics in this portion of the
country, it does not follow that the above passage is in any way connected with the granite.

After an examination of the granite in the innumerable dykes and veins, presenting
every appearance of having forced its way in uneven and ramifying courses through the
circumjacent strata, one can scarcely avoid feeling satisfied as to its truly intrusive origin,
and the fact of its maintaining a constant mineral character amongst the different rocks
through which the dykes occur, whether these be gneiss, mica-, hornblende-, or quartz-
schist or even limestone, some of which are rocks from which the granite could not possibly
have been produced by any mere chemical re-arrangement, leaves no escape from this view. It
is, however, on the other hand, not easy to explain the ocourrence of thin strings of granite
of an inch or half an inch thick, running exactly parallel to the foliation of the including mica
schist for many yards, and at a distance from any visible dyke, and of lenticular pockets
(also parallel to the foliation) completely isolated to all appearance in the surrounding rock.
8uch cases are 8o very common, that I scarcely think it is always a sufficient explanation to
say that they are offshoots of some dyke hidden beneath the surface, or were once connected
with a dyke above, which has since been removed by denudation. I have already alluded to
the passage of the granite into vein quartz. Thebe are points requiring elucidation, but that
the granite is really intrusive is beyond question.

The dykes are far more plentiful in the submetamorphic than in the metamorphic series,
and their distribution in the former is very unequal. In some areas they occur, large and
small, by hundreds; in others they are entirely wanting.

Mica Mines.—1It is in this granite that the well-known mica mines of Bih&r* and
the neighbouring districts are situated. I have previously eaid that the coarsest pegmatite
is frequently found in dykes of moderate thickness, in which, therefore, plates of mica of the
largest size oecur, and it is such dykes that the miners generally select for their operations.
They pay from one to two rupees each per annum, according to the richness of the yield,
to the owner of the land for the privilege of mining. The usual mode of working is simply to
excavate a trench along the course of the dyke, which in the G &wan neighbourhood is
seldom carried deeper than 20 or 25 feet. Sometimes where there is a cousiderable thickness

* A paper by Captain Sherwill on the mode of working the mica mines in the Bih4&r district may be found in
the Journal Asiatic Society, Bengal, vol, XX, p. 205,
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of decomposed mica near the surface, rude shafts are sunk to the fresh and uninjured mineral,
and excavations carried on laterally from the bottom. In a few cases also, rough horizontal
galleries are driven in from the side of a hill. In the last methods of course artificial light is
necessary. No precaution is taken to support the roof, and accidents are net unfrequent
from its falling in.

The plates of mica are generally brought to the miners’ village, and there, after being
slightly trimmed with ordinary grass-cutting knives, (which are not particularly well adapted
for the purpose, but are probably the only ones the people are able to purchase,) they are
sorted into different heaps acdording to quality and size. The quality depends on the mineral
being in a perfectly unaltered condition, its transparency and freedom from cloudiness caused
by internal foreign matter, the absence of minor cleavages which render it liable to split
into ribbons and triangles, and the planeness of its fissile surfaces. Six kinds are recoguised
according to the size of the plates, viz. :—

1st.—Sanjhla. 4th—Karra.
2nd.—Manjhla. 5th.—Urtha.
8rd.—Rési. . 6tA.—Admalla.

Some of the miners intercalate failurtha between urtha and admalla, and speak of
another size (barka) still larger than admalla. All these terms are used rather vaguely
in respect to the absolute size of the plates indicated thereby. At Dhéband Jamtéral
induced the miners to separate a quantity of the mica into the different grades, and mes-
sured an average specimen of each, with the following results :— -

Dhab. Jamtara.

Sanjhla . 8" x4 4 x3
Manjhla 7 x5 5 x4
Rési - 9 X6 6 x5
Karra - - 12 x9 8 x6

The above four sizes include the greater portion of the mica found, it being only in the
best mines that urtha and admalla are procurable. The largest plates I have myself seen

measured 19" x 14" and 20" X 17" inches, but I was informed that considerably larger ones
are sometimes obtained.

The mica is sold by the load, which is built up of the plates, either into one frustrum of
a cone and carried on the head, after being bound together with cord, or into two such, and
carried in a bdnghi. A load equals 6 paseris, one paserf being equal to 5 kacha sirs of
12 chatéks each, or to 31 paka sirs of 16 chatiks; the load, therefore, being 22} sirs
paka, or 46Ds. avoirdupois. The miners informed me that the prices paid to them by the
mahéjans were as follows : — .

Per load.
Sanjhla - - - . 3 annas,
Ma.nj hla o oee e oo ) ”»
Risi " ver oo e wee 7 »
‘Karra e - w12,
Urtha e 2 to 6 rupees,
Admalla 4t09

the selling prices being about double the above.

The value of the large plates more especially varies greatly with the quality. I was
informed by Colonel Boddam that plates of first quality of 18 inches diameter fetch as much
a8 60 rupfs a ménd in the market, or about 30 rupfs a load.
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Accessory Minerals : Lepidolite.~ Accessory minerals are not very numerous. Amongst
those which occur, the most abundant is lepidolite, which, although not widely distributed,
exists in considerable quantity where it does appear. I first observed it in a dyke a little to
the south-west of P{hra, where the granite is composed of white felspar, quartz, and irregular
masses of lepidolite occurring as a scaly aggregate, varying in color from violet-red to greyish-
violet. The mineral is also found of a lead-grey and violet-grey color, mixed with quartz,
An analysis of the violet-red variety by Mr. Tween yielded the following results : —

Silica . - - e w 5039
Alumina - . - w3163
Oxide of Manganese - - tr.
Lithia .. - 371
Potash ... - e 140
Soda .. 580
Fluorine - - 500
Loss on igniting .. - o 423

102-16

Small black grains and crystals of tinstone are occasionally discernible in both the
above varieties. Lepidolite is also met with in a dyke a little to the south-east of this locality ;
also just north of Bhulédi, and again about a mile south of Manimundar, where the sides
of a hillock are strewn with blocks, one of which was estimated to weigh about 8 cwt.

Green and blue Tourmaline.—At the two first-mentioned localities associated with the
lepidolite is tourmaline, which varies in color from green to indigo-blue; some crystals being
blue in the interior and green externally. The prisms chiefly traverse, parallel to the
cleavage, the plates of a silvery mica (altered muscovite?) which is present as well as the
lepidolite; they also penetrate the quartz.

Beryl, garnet, apatite, leucopyrite—Small crystals of yellow beryl are abundant in a
large dyke which crosses the Tendwéiha Nadi south of Mahabar hill; and garnets, generally
much decomposed, are not unfrequently met with here and elsewhere. The few obtained, in
which the form was apparent, were trapezohedrons. In three or four dykes a crystal or two
of green apatite was observed; and from a dyke crossing the Sakri above S8d4nkh I
obtained a mass of lencopyrite, weighing about three-fourths of a pound.

Tin.—Most of the above minerals being frequent associates of tinstone, their occurrence
led me to keep a sharp look-out for such, both in the granite itself and in the river beds.
With the exception of that disseminated through the lepidolite of Pfhra, I only observed
the mineral in one locality however. This was in a lenticular pocket of granite, included in
mica-schist, at Simratari, west of Pihra, through which a few crystals of } inch across and
less were scattered. The occurrence of tin, even in such minute quantity however, is interesting,
as showing that the same mineral association which has been observed in other parts of the
world obtains here also ; and indicates at least the possibility of the ore being found in larger
amount in the granite of the area yet to be examined. I fear the chance is but small of its
being obtained in workable quantity. The tin-ore of Leda, as previously mentioned, oocurred
as a bed in the gneiss of the metamorphic series.

Galena.—Galena is very sparsely disseminated through a granite vein, penetrating
the limestone and associated beds in the Patru Nadi as well as through the latter beds
themselves. .

Trap Dykes.—Two or three trap dykes were observed intersecting the granite south of
GAwan. Whether these be of the same age as those which traverse the metamorphic and
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submetamorphic series is nok certain, although there is no assignable resson for supposing
them different.

TALcBfRs.—In the Sakri Nadi, south of DAbar, there are some small patches of
slightly micaceous buff sandstone, rather fine-grained, but containing abundant rolled pebbles
and small boulders of granite, gneiss, mica-schist, &o. In parts, the greater portion of the
rock consists of pebbles, in other places it is quite free from them. The beds, which are not
more than 20 feet thick in all, are level as a whole, but rolling on a small scale, and are
lithologically perfectly similar to TAlchfrs. Mr. Willson, however, higher up the same
stream, as well as in other places, found ¢wo sandstones, the upper resting unconformably on,
and containing numerous pebbles of the lower, which i8 clearly Talchfr. It is not
perfectly certain to which of these the sandstone in question belongs, but as I observed no
sandstone pebbles in it, it is most probably TAlchfir. Small patches of similar rock are
found south of Deothan and east of Pihra.

DzscrirrioN OF PraTE.
Fig. 1.—Granite dyke resting on, and including a folded mass of, quartz-schist : Section—

Tendwéha Nadi, sonth of Mah&bar hill.

» 2.—Mass of quartz-schist nearly enclosed by granite: Section—Tendwéba
Nadi.

» 3.~Junction between hornblende-schist and granite dyke: Plan—Tendwéha
Nadi.

» 4—Granite dyke in mica-schist: Section—Sakri Nadi east of S&nkh.

» B.—Lenticular pookets of granite, running parallel to the foliation of the surround.
ing mica-schist : Plan—8imratari. ’

» 6.—Granite dyke, in hornblende- and quartz-schist :*Section—Tendwéha Nadi.

» 7.—Granite overlying mica-schist, both of which are faulted against TAlchfr sand
stone ; the newer rocks being covered by alluvium: Section—Sakri Nadi
south of DAbar.

» 8.—Granite vein in quartzite : Section—8. 8. E. of Lakréhi.

» 9.~Granite dyke cutting obliquely through gmeiss, into which it sends strings
parallel to the foliation: Plan—E. of Gidhaur hill

DONATIONS TO MUSEUM.

Lizvr.-CoL. RaLrr YoUNg, B. &, LaRoRE.—Portion of a meteorite which fell near Mylsi,
50 miles south-east of Multan, on the 23rd September 1873,
weighing 2,698 grains.

CoL. McManON.—A number of specimens of the millstone-quartzite and associate rocks of
Kalian, Jhind.

Georer Eirior, Esq.—Sulphide of antimony, antimony gossan, tinstone, argentiferous
galena, and gold-bearing quartz from Victoria.

V. BaLi, EsQ,, @. 8. 1.—Specimens of lava from Pompeii; Chrome iron and serpentine
from Transylvania ; tinstone from Queensland, and a crystal of
quartz with included schorl.

PorLiTICAL AGENT, BEAWULPOOR, THROUGH THE DEPARTMENT OF AGRICULTURE, REVENUE
AND ComMMERCE.—Two pieces of a meteorite which fell at
Khairpur, 85 miles east of Bhawulpoor, on the 23rd September
1873—

1 piece weighing - - 8,296 grains.
1 ”» ” o . ees o 1,393 »
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ACCESSIONS TO LIBRARY.
Frou 1st OctoBER TO 31sT DECEMBER 1873.
Titles of Books. Donors.
Barrour, Epwarp.—Cyclopedia of India, and of Eastern and Southern Asia, Vols. I—V,
(1871-73), 8vo., Madras.
) Dzrr1. AgrIc., REV. AND COMMERCE.
BreexeR, P.—Atlas Ichthyologique des Indes Orientales Néerlandaises, Vols. I—III, with
133 Plates, (1862), fol. Amsterdam.
DBa. FR1eDLANDER, RANGOON.
CuxriNeEiM, ALBX.—Archmological Survey of Indis.—Report for the year 1871-72, (1873),
8vo., Calcutta.
Houe DEPARTMENT.
EvLwis, G. E—Memoir of Sir Benjamin Thompeon, Count Rumford, with notices of his
daughter, 8vo., Philadelphia.
AMER. ACAD. OF ARTS AND SCIENCES..
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GEOLOGICAL NOTES ON THE ROUTE TRAVERSED BY THE YARBKAND EMBAsSY FROM SHAHI-
DULA TO YARKAND AND KisHeaR, by Dr. F. Storiczra, Naturalist altached to the
Embassy.

In a former communication I had already occasion to notice, that the rocks composing
the Kuenldn range near Shahidula, chiefly consist of syenitic gneiss, often interbedded, and
alternating, with various metamorphic and quartzose schists, Similar rocks continue the
whole way down the Karakash river for about twenty-four miles. After this the road fol-
lows, in a somewhat north-westerly direction, a small stream leading to the Sanju-(or Grimm-)
pass. Here the rocks are chiefly true mica schist, in places full of garnets. Near, and on,
the pass itself chloritic and quartzose schists prevail, in which veins of pale green jade occur,
numerous blocks containing this mineral having been observed near the top of the pass.
All the strata are very highly inclined, often vertical, the slopes of the hills, and in fact of
the entire range, being on that account rather precipitous, and the crests of the ridges them-
selves very narrow.

To the north of the Sanju pass we again meet with metamorphic, mostly chloritic
schists, uutil we approach the camping place T4m, where, distinctly bedded, sedimentary
rocks cap the hills of both sides of the valley. They are dark, almost black, silky slates,
resting unconformably on the schists, and are overlain by a grey, partly quartzitic sandstone,
passing into conglomerate. The last rock contains particles of the black slates, and is,
therefore, clearly of younger age. Some of the conglomeratic beds have a remarkably recent
aspect, but others are almost metamorphic. In none of the groups, the slates or sandstones
or conglomerates, have any fossils been observed; but they appear to belong to some
paleozoic formation. They all dip at from 40° to 50° towards north-east, extending
for about one and a half miles down the Sanju valley. Here they are suddenly ocut off by
metamorphic schists, but the exact place of eontact on the slopes of the hills is entirely
concealed by débris. The schists are only in one or two places interrupted by massive beds
of a beautiful porphyritic gneiss, containing splendid crystals of orthoclase and biotite ;
they continue for about eighteen miles to tae camp Kiwaz. On the road, which often passes
through very narrow portions of the valley, we often met with old river deposits, consisting
of beds of gravel and very fine clay, which is easily carried off by only a moderate breeze,
and fills the atmosphere with clouds of dust. These old river deposits reach in many places
up to about one hundred and fifty feet above the present level of the river, which has to be
waded across at least once in every mile.

At the camp Kiwéz the hills on<both sides of the valley are low, composed of a com-
paratively recent looking conglomerate, which in a few places alternates with beds of reddish,
saudy clay, the thickness of the latter varying from two to five feet only. These rock
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strikingly resemble those of the supra-nummaulitic group, so extensively represented in the
neighbonrhood of Mari. They decompose very readily, covering the slopes of the mountains
with loose boulders and sand, under which very little of the original rock can be seen.
Near the camp the beds dip at about 40° to morth-east, but about one mile and a half
further on a low gap runs parallel to the strike, and on the other side of it the beds rise
again, dipping with a similar angle to south-west, thus forming a synclinal at the gsp.
Below the conglomerate there crops out a grey, often semi-crystalline limestone, containing
in some of its thick layers large numbers of Crinoid stems, a Spirifer, very like 8. striatus,
and two species of Fennestelle. Following the river to north by east, this carboniferous
limestone again rests on chloritic schist, which, after a mile or two, is overlain by red saud-
stone, either in horizontal or very slightly inclined strata. Both these last named rocks are
very friable, easily crumbling between the fingers, particularly the latter, from which the cal.
careous cement has almost entirely been dissolved out. At Sanju the red sandstones underlie
coarse grey ealcareous sandstones and chloritic marls, some beds of which are nearly exclu-
sively composed of Gryphea vesicularis, many specimens of this most characteristic mid-
dle cretaceous fossil being of enormous size. The Grypkea beds and the red sandstones
are conformable to each other, and although I have nowhere seen them interstratified near
their contact, there is strong evidence of their being both of cretaceous age. Both decom-
pose equally easily, and the GrypAea beds have indeed in many places been entirely denuded.
They have supplied the greater portion of the gravel and beds of shifting sand, which
stretch in a north-easterly direction towards the unknown desert-land.

On the road from Sanju to Yarkand, which first passes almost due west and after some
distance to north-west, we crossed extensive tracts of those gravel beds, and of low hills
almost entirely composed of clay and sand, though we only skirted the true desert country.
Locally, as, for instance, near Oi-tograk and Boria, pale reddish sandstones crop out from
under the more recent deposite, but they appear to be younger than the cretaceous red sand-
stones, underlying the Gryphea beds; the former most probably belong to some upper
tertiary group. Among the sandy and clayey deposits I was not a little surprised to find
true Loess, as typical as it can anywhere be seen in the valleys of the Rhine or of the Danube.
I might even speak of ‘Berg’ and ‘Thal-Loss,” but I shall not enter into details on this
occasion ; for I may have a much better opportunity of studying this remarkable deposit.
At present I will only notice that commonly we meet with extensive deposits of Loess only
in the valleys. Its thickness varies in places from ten to eighty, and more, feet; a fine
yellowish unstratified clay, occasionally with calcareous concretions and plant fragments.
In Europe the origin of this extensive deposits was, and is up to the present date, a dis-
puted question. Naturally, if a geologist is not so fortunate as to travel beyond the Rhine’
or ‘ Donau-thal,” and is accustomed to be surrounded with the verdant beauty of these valleys,
he might propose half a dozen theories, and as he advances in his experience disprove
the probability of one after the other, until his troubled mind is wearied of prosecuting the
object further. Here in the desert countries, where clouds of fertile dust replace those of
beneficial vapour, where the atmosphere is hardly ever clear and free from saud, nay ooos
sionally saturated with it, the explanation that the Liss is a subaerial deposit, is almost
involuntarily pressed upon one’s mind. I do not think that by this I am advancing a new
idea; for,—unless I am very much mistaken,—it was my friend Baron Richthofen who
came to a similar conclusion during his recent sojourn in Southern China.

Yarkand lies about five miles from the river, far away from the hills, in the midst of s
well cultivated land, intersected by numerous canals of irrigation; a land full of interest
for the agriculturist, but where the geological mind soon involuntarily falls into repose. And
what shall I say of our road from Yarkand to Kashgar? Little of geological interest, I
am afraid.
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Leaving Yarkand we passed for the first few miles through cultivated land, which, how
ever, soon gave way to the usual aspect of the desert, or something very litt]e better. A fow
miles south-west of Kokrabad a low ridge runs from south-east to north-west. If we are
allowed to judge from the numerous boulders of red sandstone and Grypiea marl, some of
considerable size and scarcely river-worn, we might consider the ridge as being composed of
cretaceous rocks. But one hardly feels consoled with the idea, that in wading through the
sand he should only cross a once cretaceous basin, and that the whole of this country should
have remained free from encroachment of any of the kainozoic seas. It is very dangerous
to jump to conclusions regarding the nature of a ground untouched by the geological ham-
mer. The answer to any doubt must for the present remain a desideratum. On the fourth
day of our march, approaching Yangihissar, we also crossed a few very low ridges, but
these consisted entirely of gravel and marly clay beds, most of them dipping with a very
high angle to south by east, the strike being nearly due east and west. South of Yangihissar
the ridge bent towards south-west, and there was also a distant low ridge traceablein a north-
easterly direction, the whole having the appearance of representing the shore of some large
inland watersheet. From Yangihissar to Kashgar we traversed only low land, as usually
more or less thickly covered with a saline efflorescence, but still to a considerable extent
cultivated. Here in Kashgar the distant heights of the Kuenldn, of the Pamir and Thin-
shan ranges are ready to unfold their treasures, whether we go in a southerly, or westerly,
or northerly direction ; geological ground is even nearer to be found in some of the low ridges
from twelve to thirty miles distant, while the Moral-bashi forests, lying eastward, invite the
zoologist and sportsman. I trust we shall scon be able to see and relate some novelties from
our neighbourhood.

Kashgar, 20th December 1873.

NOTE REGARDING THE OCCURRENCE OF JADE IN THR KABAKASH VALLEY, ON THE
SOUTHERN BORDERS OF TumKisTAN, by DR. FERD. SroLiczka, Naturalist attuched
to the Yarkand Embassy.

The portion of the Kuenlin range, which extends from Shahidula eastward towards
Kotan, appears to consist entirely of gneiss, syenitic gneiss, and metamorphic rocks, these
being quartzore, micaceous, or hornblendic schists. On the southern declivity of this range,
which runs along the right bank of the Karakash river, are situated the old jade mines, or
rather quarries, formerly worked by the Chinese. They are about seven miles distant from
the Kirghfz encampment Belakchi, which itself is about twelve miles south-east of
Shahidula. I had the pleasure of visiting the mines in company with Dr. Bellew and Captain
Biddulph, with a Yarkandee official as our guide.

We found the principal jade locality to be about one and a half miles distant from the
river, and at a height of about five hundred feet above the level of the same. Just in this
portion of the range a few short spurs abut from the higher hills, all of which are, how-
ever, as ysually, thickly covered with débris and sand, the result of disintegration of the
original rock. The whole has the appearance as if an extensive slip of the mountain-side
bad occurred. Viewing the mines from a little distance the place seemed to resemble a
number of pigeon-holes worked in the side of the mountain, except that they were rather
irregularly distributed. On closer inspection we saw a number of pits and holes dug out
in the slopes, extending over a height of nearly a couple of huudred feet, and over a length
of about a quarter of a mile. Each of these excavations has a heap of fragments of jade
and rock at its entrance. Most of them are only from ten to twenty feet high and broad,
and their depth rarely exceeds twenty or thirty feet; only a few show some approach to low

.
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galleries of moderate length, and one or two are said to have a length of eighty or s hundred
feef. Looking on this mining operation as a whole, it is no doubt a very inferior piece of
‘the miner’s skill ; nor could the workmen have been provided with any superior instruments.
T estimated the number of holes at about hundred and twenty ; but several had been opened
only experimentally, an operation wWhich had often to be resorted to on account of the
superficial sand concealing the underlying rock. Several pits also which were probably
exhausted at a moderate depth were again filled in; their great number, however, clearly
indicates that the people had been working singly, or in small partics.

The rock, of which the low spurs at the base of the range are composed, is partly a
‘thin bedded, rather sandy, syenitic gneiss, partly mica- and hornblendic schist. The felspar
gradually disappears entirely in the schistose beds, which on weathered planes often have the
appearanoce of a laminated sandstone. They include the principal jade-yiel@ing rocks, being
traversed by veins of a pure white, apparently zeolitic mineral, varying in thickness from a
few to about forty feet, and perhaps even more. The strike of the veins is from north-by-
west to south-by-east, or sometimes almost due east-and-west; and their dip is either very high
towards north, br they run vertically. I have at present no sufficient means to ascertain
the true nature of this vein-rock, as it may rather be called, being an aggregate of single
crystals. The mineral has the appearance of albite, but the lustre is more silky, or perhaps
rather glassy, and it is not in any way altered before the blowpipe, either by itself, or with
borax or soda. The texture is somewhat coarsely crystalline, rhombohedric faces being on
a fresh fracture clearly traceable. It sometimes contains iron pyrites in very small particles,
and a few flakes of biotite are also occasionally observed. This zeolitic rock is again
traversed by veins of nephrite, commonly called jade; which, however, also occurs in nests.
There appear to be two varieties of it, if the one, of which I shall presently speak, really
deserves the name of jade. It is a white tough mineral, having an indistinct cleavage in two
different directions, while in the other directions the fracture is finely granular or splintry, as in
true nephrite. Portions of this mineral, which is apparently the same as usually called white
jade, have sometimes a fibrous structure. This white jade rarely occupies the whole thicknees
of a vein; it usually only occurs along the sides in immediate contact with the zeolitic vein-
rock, with which it sometimes appears to be very closely connected. The middle part of
some of the veins and most of the others entirely consists of the common green jade, which
is characterized by a thorough absence of cleavage, great toughness, and rather dull vitreous
lustre. The hardness is always below 7, generally only equal to that of common felspar,
or very little higher, though the polished surface of the stone appears to attain a greatér
hardness after long exposure to the air. The colour is very variable, from pale to somewhat
darker green, approaching that of pure serpentine. The pale green variety is by far the most
common, and is in general use for cups, mouth-pieces for pipes, rings and other articles used
as charms and ornaments. I saw veins of the pale green jade fully amounting in thickness
to ten feet ; but it is by no means easy to obtain large pieces of it, the mineral being generally
fractured in all directions. Like the crystalline vein-mineral, neitLer the white nor the green
variety of jade is affected by the blowpipe heat, with or without addition of borax or soda.
Green jade of a brighter colour and higher translucency is comparatively rare, and, already
on that account, no doubt much more valuable. It is nsually only found in thin veins of one
or a few inches; and even then it is generally full of flaws.

Since the expulsion of the Chinese from Yarkand in 1864, the jade quarries in the
Karakash valley have become entirely deserted. They must have yielded a considerable por-
tion of the jade of commerce ; though no doubt the workmen made a good selection already
on the spot, taking away only the best coloured and largest pieces; for even now a great

number of fair fragments, measuring 12 to 15 inches in diameter, form part of the rubbish ;
thrown away as useless.
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The Belakchi locality is, however, not the only one which yielded jade to the Chinese.
There is no reason to doubt the existence of jade along the whole of the Kuenlin range, as
far as the mica- and hornblendic schists extend. The great obstacle in tracing out the
veins, and following them when once discovered, is the large amount of superficial débris
and shifting sand, which conceal the original rock in situ. However, fragments of jade
may be seen among the boulders of almost every stream which comes down from the range.
We also observed large fragments of jade near the top of the Sanju pass, which on its
southern side at least mostly consists of thin-bedded gneiss and hornblendic schist.

Another rich locality for jade appears to exist somewhere south of Kotan, from whence
the largest and best coloured pieces are said to come; most of them are stated to be ob-
tained as boulders in a river bed, though this seems rather doubtful. Very likely the Chinese
worked several quarries south of Kotan, similar to those in the Karakash valley, and most
of the jade from this last locality was no doubt brought into Kotan, this being the nearest
manufacturing town. A great number of the better polished ornaments, such as rings, &ec.,
sold in the bazaar of Yarkand, have the credit of coming from Kotan; possibly they are
made there by Chinese workmen, but the art of carving seems to have entirely died away,
and indeed it is not to be expected that such strict Mahomedans, as the Yarkandees wnostly
are, would eagerly cultivate it. If the Turkistan people will not take the opportunity of
profiting by the export of jade, or if no new locality of that mineral is discovered within
Chinese territory, the celestial people will feel greatly the want of the article, and good carved
specimens of jade will become great rarities. The Chinese seem to have been acquainted
with the jade of the Kuenlin mountains during the last two thousand years, for Kotan jade
is stated to be mentioned* “by Chinese authors in the time of the dynasty under Wuti
(B. C. 148—86).”

Yarkand, 14th November 1878.

Nores rroM THE EasTERN HIiMarava.

‘While Dr. Stoliczka is applying his palaontological master-key to discover the secrets of the
rocks of the Kuenldn, on the extreme north-west of the great Tibetan mountain-area, investi-
gations of scarcely less interest are going on at the south-eastern base of the same, in the
Sikkim and Bhutén Doars. It may indeed be said that the geology of the remote and in-
accessible regions of the Himalaya have for some time been better known to us than that of
the nearer ground to the south of the great snowy range. A series of well-known formations
have long since been identified beyond the passes ; while the rocks of the broad belt of mountain
region to the south of the main range have remained indeterminable. Nummulitic rocks have
been locally found along the southern fringe of that belt, corresponding stratigraphically to the
Flysch of the Northern Alps. And upon very scanty fossil evidence it has been conjectured
that the limestone of the outer ridges in the Simla region are triassic; but for the rest all
is darkness. There is, of course, a very good excuse for this in the highly metamorphosed
condition of the stratain the greater part of that region, and in the sterility everywhere
in fossil remains—difficulties which greatly enhance the value of any promising clue toa
solution of the mystery.

From the point of view of local geology this state of ignorance has been specially
depressing. That same nummulitic formation—crushed and upheaved on the outer fringe of
the Himalayan region, and resting undisturbed upon a deeply denuded surface of the great

» * Yule’s Marco Polo, Vol. I, p. 177,
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Dakhin trap—has been almost the only positive link between the rock-areas of the Peninsula
and of Central Asia. Of the other Indian rock-formations—the Vindhyan series of unknown
age, and deeply rooted in the fundamental rocks; or the great sandstone formations sup.
posed at present to range from permian to latest jurassic, and holding a comparatively super-
ficial relation to the supporting rocks—no assignable equivalent had been made out in the
neighbouring Himalayan provinces.

The press of work elsewhere may be offered to account for this; for the clue which is
now promising such interesting revelations has been within reach at any time for the last
twenty years ; since Dr. Hooker discovered at the base of the Sikkim Himalaya rocks con-
taining plant-fossils characteristic of the coal-measures of Bengal.®

The illustrious naturalist did not assign any stratigraphical position for the rock in
that section ; perhaps the only locality where he noticed it, near the Pauk&béri rest-house,
did not admit of such a determination. This is indeed most likely the case; for, the passing
observation made in the same spot by so practised a geologist as Mr. W. T. Blanford left the
question still in doubt, the suggestions gathered being that the Damudas may occur there only
as fault-rock between the schists of the mountains and the tertiary sandstones at their base;
or even that the stones containing the Damuda plants may only occur as blocks in the tertiary
sandstones. A regular survey of that region is now in progress. Mr. F. R. Mallet took
up work there early in December; and already important results have been obtained, both
practical and scientific. A band of Damuda coal-measure rocks has been traced for many
miles along the base of the mountains, and in places a8 much as one mile in width, inside
the fringing bed of tertiary sandstones. Besides the familiar Damuda plants, several
seams of coal occur, in a condition approaching anthracite in composition—having 79'3 of
carbon, 7'6 of volatile matter (dry), and 13'1 of ash—but in a flaky granulated (graphitic)
state from crushing. The chief point of interest, however, is that there is no marked strati-
graphical break between these beds and the slaty and schistose rocks forming the mass of the
mountains ; on the age of which they will thus give very important evidence. Mr. Mallet
has not yet been able to satisfy himself upon the complicated structural questions involved
in the section, as to inversion, faulting, &c., but it is hoped that before the close of the season
some definite view may be made out. Meanwhile this notice is given of so important a
step in the geology of India.

While Mr. Mallet was making these obeervations on the ground, an independent sug-
gestion to the same effect was received from Mr. H. F. Blanford, whom we consider virtually,
as he formerly was officially, a colleague in the study of Indian geology. Mr. Blanford was
at Darjeeling on a tour of inspection of the meteorological stations in that part of the
province. Ever mindful of his first love, and aware, of course, of Dr. Hooker’s. original
discovery of Damuda fossils at the base of the mountains, it appeared to him that the fre-
quent bands of graphitic matter in the schistose and gneissic rocks of the higher regions
might indeed be the greatly transformed equivalents of the carbonaceous deposits of the Pen.
insula. If this criterion be confirmed by the close study of the stratigraphy, it promises to
be of very wide application ; for these graphitic bands are as abundant in the Lower Hima-
laya of the north-west as about Darjeeling. The auggestion too fits in well with the little
we know on both sides of the question: Dr. Oldham has always maintained that the coal-
measures of India are paleozoic; and the Krol limestone, the uppermost group of the Lower
Himalayan rock-series in the north-west, is considered by Dr. Stoliczka to bé triassic.

H B. M.

* Himalayan Journal, Vol ], page 403.
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PerroLeUM IN AssaM, by THEopOoRE W. H. HUGHES, A.R.5. M., P.G.8., Geological
Survey of India.

In looking through the literature relating to petroloum, I have not met with any record
of the composition of oils occurring in Assam. Burmese-oil, which is perhaps better known
under the name of Rangoon-oil, has, on the contrary, been the subject of frequent investi-
gation, and one of the later and most highly interesting papers referring to it is to be found
in the Memoirs of the American Academy® for 1867, under the heading of “Examination
of Naptha obtained from Rangoon Petroleum,” by Warren and Storer.

Having been fortunate enough lately to procure a few notest showing the result
obtained by submitting some Assam petroleum to distillation at varying temperatures, I
propose taking this opportunity of placing them on record.

The petroleum experimented upon was obtained from a spring in land granted to Mr.
Goodenough, a member of the firm of McKillop, Stewart and Company. The tract, as
specified in a letter to the Board of Revenue, embraced ‘both sides of the Boree Dehing
river from Jaipore to the effluence of the No Dehing river to a distance of ten miles on
each side of the Boree Dehing, including the lands near the Cherraphong hills, Jaipore,
the Makoom river, the Namchik Poong, the Terap river, the Namchik river, the Jugloo

river, and the Terok river.”

_ Which spring the petroleum that was tested came from I am unable to say; but it
was probably from one struck near Makoom,} as the springs in that neighbourhood sur-
passed any others in the copiousness of their discharge, and evidently attracted most
atteation.

The first of the systematic borings for oil was commenced at Nahore Poong§ in Novem-
ber 1866; but it does not appear to have been successful, and it was abandoned after having
been sunk to a depth of 102 feet. In addition to several other hand-borings, a Mather and
Platt steam-boring machine was set working in the latter end of December, and a hole was
carried down 195 feet; but with the exception of a few signs of gas, there were no good
results.

It appears from the records placed at my disposal that a blue clay was invariably met
with, not only in the Nahore Poong borings, but in those at Makoom and elsewhere. It
would have been interesting to know whether this clay, independently or in association with
some other rock, was a good index to oil ; but on this point there is nothing clear. :

Whilst the borings at Nahore Poong were proceeding, others were begun at Makoom.
0Oil was struck in one hole on the 26tL March 1867 at 118 fect, and it immediately rose 74
feet in the bore, being 44 feet below the surface. About 300 gallons were drawn, after which
it was found not to flow continuously, a circumstance which it was hoped would be remedied
by sinking deeper. .

As many as eight holes seem to have been put down in the Makoom area, and they were
nearly all successful in tapping oil. The yield varied in each.

® Vol IX, Part 1, New Series, page 208.

+ I am indebted for these notes and for much useful information vegarding petroleum and coal in Assam to my
friend Mr. J. Jenkins.

3 Lat, 27° 18° North, Long. 95° 4 East.

§ The places led during the progress of the borings were—Nahore Poong, Makoom, Borhaut,
Namcheck, and Bapoo Poong.
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In January 1868, 100 to 125 gallons a day were collected from No. 4, while 550 to 650
gallons were collected from No. §. The action of No. 5 bore was intermittent. Pure water
was spouted for 3 or 4 hours, then almost pure oil for 15 to 30 minutes, after which all action
ceased for an hour, or sometimes longer; and then activity set in again. Great difficulty was
met with in storing the oil, and it is stated that wooden tanks failed to keep it in. The
most copious discharge was from No. 5 ; and as there was not sufficient storage room, the
flow was diminished by fixing a valve to the well-pipe. The pressure was very great, being
30 lbs. to the inch.

The following is a very interesting table showing when the blows of oil commenced, the
time the oil continued running, and the quantity of oil given from No. 5 bore at Makoom.
The depth at which oil was struck is not given in the returns made by the person in charge
of the borings, but the hole was most probably a shallow one like the others.

Bore No. 5—Maxgoow.
Tuble showing when the blows of il commenced, the time the oil continued running, and

guantity of oil given.
Gallons *
Commenced Day and hours
Date, 1868. to run. running. z;lﬁ :". REMaRxsS.
: [ . U
January 8th w.! ® A M., ..| 6daysl5 hours. 530 | Stopped dually
" 16th . w e 12, 1,600 |1, wlo ga.lmu in 12 hours (very strong
” 17th w11 n e 4 2,100 |3, lboo gdlom in 14 hours (very stroog
» 20th «.. | Midnight . 9 800 6v0¢allom in 0 hours.
" 21at 100 A M . 0 450
» 23rd A w .| Vday 13 800 auo galions per dly ran slowly).
ot 27th .93 . L. 23F .. 300 »
”» 20th .1 930 .| 6days 15 250 | Running very slowly,
February Sth ] ”» 19 , 500 | 500 in 19 hours.
" 7th 9 w | 2days 700
" 13th [ I A " A 19 1,400 | In 19 hours 1,400 gallons.
» 16th "9 A M. ..| lday 6 1,600 | 1,600 in 30 hours.
”» 7th 1 ' I ” 900 | In 29 hours.
March 2nd 9-30 ,, 1, 6 1,700 | In 30 hours.
" 7th 9 " 2 dnys 8,000 | 8,000 in 48 hours.
”» 11th | 9 " 1day 11 38,500 In 35 hours, very strong—burst pipes.
" Slst v |10 " 31 dayu 22 500
perday. || yalve very little open, to reduce the
May  1sth w| 6 rou |60, 450 flow as much as possible.
per day.
July 14th w 1804w .| 3, 2% , 400
., 19th wl® L, |4, 2 550
. 27th wel 1 PoM. L s, 600 | In 15 hours.
» 28th . |10-80 A, M. .., | 3days 1, 700 | A strong blow.
August  Sth w| 9 ”» 3 o, 800 | In three hours, very strong flow.
» 11th we| 8 r.oM. .| 83daysl0 ”» 1,500
”» 22nd | 830 Am. .., 8 400 | In 8 hours.

Here the man who kept the account fell ill, and the one who relieved him never kept any.
The temperature is not recorded.

Mr. Goodenough was not successful in establishing a petroleum-industry. The under-
taking failed, as so many others in this country have done, owing to the difficulty of
transport. But the prospect of an abundance of mineral-oil in Assam has been proved; and
if this splendid province should ever be opened up, fortunes will yet be made in this branch
of mining.
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Analysis of petrolewm.—The sample of petroleam operated upon was black, perfectly
liquid, and of rather strong odour. Specific gravity ‘971. Water 1-000.

One thousand parts were submitted to distillation, first by the heat of a water-bath, but
that being insufficient, it was then heated by direct fire. It began to boil at 460° F.—

1. 20 parts below  500° F.

2 985 between 500°—525° of ep. gr. ‘873

3. 1385 »  526°—B50° " *883
e 4 1000 »w  B880P—B75° " -893
25 1386 w  576°—800° " 900
3le. 1665 above 800° " ‘918
“ |7 1838 ” .. '938

8. 1665 » turned solid on cooling.

=

There was a small residue of coize.

The first six portions would do for lamp oil, although of rather higher specifie gravity
than that obtained from American petroleam.

Seven and 8 contain solid paraffin, which can be separated, and the liquid-oil used for
lubricating ; or, after the first six portions have been distilled off, the whole of the residue
in the retort can be used as lubricating-oil.

For the purpose of comparison, I give the result of an experiment upon Pennsyl-
vanian petroleum.

Sample.—~Greenish black,. rather thin oil. 8p. Gr. 882. One thousand parts yielded
on distillation—

16'5 parts at 312°F.
8t . 284°-302° of sp. gr. ‘783

95 ,  302°-320° » 752
1260 ,,  320°-338° " 768
560,  338°366° " ‘776
536 ,  356°-302° o ‘800
560 |,  397°-428° " ‘848
395, 428°-518° " ‘854
5286

all the residue would be for lubricating-oil..
Rangoon-0il.—According to Warren de la Rue's researches yields per thousand parts—

110 parts of ofl below .. 2IPF.°

100 ” between ... 230°-298°

200 » » .« 208°-800°

810 ”» above ... 600° which solidifies on cooling.
310 ”» » .. 600 dark oil at the greatest heat.

The paraffin contained in portions 7 and 8 of the Assam petroleum might be manufac.
tured into candles. As compared with a few other substances, the following table shows the
number of grains required to give equal quantities of light:—

Paraffin . 08 grains,
Spermacett P . o . 120
Wax (bee’s wax) BN . 138,
Stearic acid e o e . 134,
Composite candle (made of stearine and stearic acid) w 156,

The discovery within the last few years of enormous quantities of petroleum in Canada
and the United States, has influenced considerably the manufacturs of coal-oils in Great
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Britain and other countries. But there are places where coal and bitumninous ehales may
be profitably submitted to distillation, and I believe that our Indian coal-fields offer a fair
chance.

The yield of crude oil from a ton of ordinary coal* daes not usually exceed a maximum
of 756 gallons, and a coal which will yield 50 gallons may be regarded as an excellent
article, provided it affords coke enough to supply heat for its own distillation.

RANIGANJ,
1st December 1873.

('(;AL IN THE Garo Hiiws, by Mz. H. B. MepLicortT.

The reported discovery of a new coal-field in the interior of the Garo hills, backed up
by the proposal to run a railway through them into Assam, led to a very urgent demand to
have the rocks of that region examined. Although nearly encircled by long-settled and fertile
districts of the upper deltaie plains of Bengal, that hill-tract has, till within the last three
years, remained perfectly secluded in primitive savagery. Partly to remove such an
anomaly, and partly to put a stop to the occasional practice of the Garos capturing slaves
and taking trophies of human heads among the bordering plains people, it was decided to
bring the hill-men under control. This intention was carried out without serious difficulty.
The people had of course been long acquainted with the character and power of the white men
holding sway over the plaiiis, and submitted to their supremaey almost without resistance.
This year I had the pleasure to march through the length and breadth of the land in thecom-
pany of an English lady, the wife of the Deputy Commissioner of the district, Captain
Williamson, the subduer and friend of the Garos, who made his tour of inspection throagh his
dominions to fit in with my geological explorations. In the previous season topographical
surveyors had accompanied the several expeditionary parties sent in to take possession; and
had succeeded in completing an excellent sketch map of the whole area. One of these officers
heard of the coal, and brought it to notice. It would seem that no European actually visited
the spot; indeed the description first given of the position could hardly have proceeded from
an eye-witness; but samples were procured, and thus the bare fact of coal being there was
sufficiently authenticated. The confirmation of the existence of & considerable coal-field
in the position thus indicated, warrants brief notice of the situation.

It will probably be remarked that Garo-hill coal is at least familtar by name. In 1841,
Mr. Bedford, engaged on the revenue survey of the Goalpara distriet, braught to motice
what he called the Kurribari coal-field, at the extreme west end of the Garo hills, close to Sing-
mari on the old Bramaputra. Some attempt was, I believe, made at the time to work it; and
the failure of the experiment does not seem to have been fairly attributed to the failure of the
deposits. Again, about two years ago, the civil officers of Mymensing brought to the notice of
Government the occurrence of coal on the Sumesary river at the south base of the main range
of the Garo hills. The extension of the Eastern Bengal Railway towards Assam was then a
pressing question ; and I was deputed to report upon the prospests of the coal deposits,
particularly those of the Kurribari region, the position of which, close to the great river,
gave them special importance. In April 1868 the result of my observations was reported to
the Government of Bengal: the existence of a fair seam of useful coal at Siju on the
Sumesary was confirmed, the present value of it being questioned, on account of difficulty of
access from the plains across some ten miles of low rugged hills. Of all the known outcrops
in the Kurribari region, at Mirampara and Champagiri, a most unfavorable account had to

* Canuel coals and bituminous shales yield as much as 120 to 180 gallons of crude oil per<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>