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1890.

[February.

Annual Refort of the Geological Survey of IndIa, and of the
GeologIcal Museum, Calcutta, for the year 1889.
penInsular India.
Madras Pres1dency.—Transition and Vindhyan Series.—The examination
Messrs. Foote and and mapping of the Dharwar series has been steadily folLake.
lowed out by Mr. Foote.
In this quest, he took up the survey of the Harpanahalli section of the DambalChiknayakanhalli band and carried it down into the Mysore
u L ou
'
Territory. The reputed auriferous tract around Chiggateri
received very special examination, some time being spent'in testing the character of the
alluvial soils brought down by the different streams in that quarter. In one of these,
flowing northwards from the Jajkal Gutta, very favourable shows of coarse and good
coloured gold were washed ; while in several other streams fair results were obtained ;
all which leads him to the conclusion that, though the many blue quartz reefs
examined by him did not show any free gold, this field is well worthy of systematic
prospecting.
At the request of the Government of Madras, Mr. Foote supplied a very full
note on the economic geology of the Sandur State, where,
ores°of Sandura"Banese PernaPs1 tne most conspicuous features are the great beds
of hjematitic iron ore which should afford an enormous
and practically inexhaustible supply of iron. The disappointing feature, how
ever, is the absence of any form of fuel except such small quantity as can be
obtained from the local jungle ; and were it not for this—even in the face of the
splendid iron tracts in the Salem, and to a lesser extent in the Kurnool Districts—
the field might be, as Mr. Foote describes it," the greatest iron-yielding centre in
Southern India. The Singareni coal-field, now coming into such favourable notice,
is within railway reach, but, it is to be feared, at too great a distance ; while its own
immediate stores of iron will naturally be the first in the field of iron industry.
On the southward slope of the western range of the Sandur hills, Mr. Foote
discovered an important argillite formation very rich in nodular oxide of mangan
ese, or pyrolusite, capable of being easily mined by open workings on a large scale
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The area of the Banaganpilli beds, or diamond-bearing formation, was extended
somewhat by the recognition of a coupie of outliers well to
roc!klam0nd"bearing " the north of Guti' in Western Kurnool. These were found
to have been worked to some extent by the old miners. The
finding of them so far out on the gneissic area west of the main tract favours Mr.
Foote's suggestion that the diamonds found lately within the gneissic tract are merely
the residue of the debris from once-existing western extensions of the Kurnool Form
ation. I am, therefore, still of opinion that if the diamond industry is to be a success
in Southern India, exploitation will have to be made within the area of the group of
rocks known by the numerous old workings as having yielded diamonds; that is, in the
Banaganpilli beds, the area and outcrops of which are very clearly laid down on the
maps issued, or which can be issued, by the Survey. A memoir on this western
part of the Kurnool District only waits the engraving of an illustrative map ; while
considerable progress has been made in preparing parts of the memoir on the
Bellary District which should issue on the completion of the survey by the end of
the present working season.
Tertiaries of the West Coast.—Mr. Lake was removed early in the year to the
Malabar
District, with . a view ,to , closing
West Coast Survey.
,. „ , upr the, blank
T ,. still
d1sfigunng our general map of the Geology of Ind1a on
that side of the Peninsula. The call, however, for coal and oil exploration
in Baluchistan having become imperative, he was transferred to the north-west
frontier party ; and thus the survey of the Malabar and Cannanore country is in
definitely postponed. A considerable tract, extending over some 1,000 square miles
in South Malabar, was surveyed, the results of which will be given in Mr. LakeOs
forthcoming memoir.
The geology of this side of the country is mainly interesting in the extraordinary
^
development of laterite, the origin and occurrence of which
still requires considerable research ; though Mr. Lake's
survey of so much of it has brought to light many fresh data of considerable scien
tific value.
After the close of the working season, and just as the south-west monsoon was
expected to be in full force, Mr. Lake was sent down to
of T-Trvancore" ***** Alleppv to study (he action of the famous smooth-water tracts,
or mud banks, which present so strange a feature on that
coast. As usual, when an opportunity occurs for reviewing peculiar physical features
of this kind, the monsoon was not so strong as might have been expected ; but such
effects as Mr. Lake could study were enough to explain in great part the features
displayed. I had myself already ascertained that there is a sensible amount of oil
contained in the mud of the banks underlying the smooth tracts around which the
rollers from the south-west break in greater or less force during the monsoon ; and
had ventured to suggest that the stirring up of such oleaginous mud, and possibly
the increased discharge of oil at the stormy period, might have some very decided
influence in the smoothing of the waters. Mr. Lake's study does not, however, lead
him to consider that the oil has more than a partial influence in this direction ; the
main cause being attributable to the increase of the density of the water when
mixed with the mud. The discharge of oil seems to be increased, a thin coating
of it being clearly recognizable in patches on the surface of the water ; but this is
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altogether insufficient to encourage the hope I had formed of there being any deepseated source of oil warranting exploration by boring into the tertiary lignitiferous
deposits known to underlie many points at this and other spots on the Travancore,
Cochin, and Malabar Coast. A paper by Mr. Lake appears in the present number
of the Records.
Central Prov1nces.— Transition ; Bijawars.—Notwithstanding the demand for
Messrs Maiut Bose distribution of the Survey as much as possible on the examand
Sub-Assistant ination and exploitation (where possible) of regions containK1shen Singh.
ing minerals or rocks of economic value ; it would have been
obstructive of all progress along purely geological lines, which are after all essential
to a correct diagnosis of the mineral extensions and capabilities, to have abruptly left
off any particular following out of such formation as was in progress in the com
mencement of last season's work. I therefore deemed it expedient to keep
Mr. Bose, with whom was Mr. Sub-Assistant Kishen Singh, at work at the
Bijawars and Vindhyans of Balaghat. My ultimate design
Survey "8 °f BaIagllat in working out the run of these formations, is to connect
them with the Vindhyans and the Dharwar Series of
Madras, the latter formation being, by all the evidence before us, probably of
the same age as the Bijawars. Certainly, these two, the Dharwars and Bijawars,
are characterized by their being each metalliferous formations in Madras or
in Central India. The Balaghat Bijawars (or Dharwars) are conspicuous for
their development of iron ores; though they are also known as carrying copper
and lead ores which were mined long ago with a perseverance which might lead
prospectors to form most hopeful views of further lodes. Mr. Bose completed his
survey from the northwards (in the Salitekri hills of the Mundla and Bilaspur
Districts) down to the Nagpur-Bengal Railway line : thus leaving his geological
boundaries ready to be taken up at any future time at a point within easily com
municable reach. Full progress reports and maps of his and Kishen Singh's work
have been placed on record.
The efforts of the Survey have, however, been directed to the localization of
materials needed for pottery works in the Jabalpur District.
Jaipur!1'3 f°r P°ttery' This question of utilizing the clays and coal occurring
in the neighbourhood of Jabalpur has received attention of
all kinds, and on several occasions during a period of many years ; having been, I
believe, mainly originated and fostered by Mr. Glass, the present Chief Engineer
to the Government. At the urgent request of the Chief Commissioner, a final and
exhaustive examination was made by Mr. Mallet, which has led to the very satisfac
tory result of works being, or about to be, started at Jabalpur by Messrs. Burn &
Co. of Calcutta. Mr. Mallet's report, which appeared in the Records for last May,
gives details of the occurrence and abundance of all the materials required, in and
around Jabalpur, or within convenient distance of the Umaria Colliery.
A further very interesting series of experiments was made and reported on by Mr.
Mallet, concerning steatite from various parts of India, in
stoneTr7teatite° s°aP" resPonse t0 a demand from England through Her Majesty's
Secretary of State for India ; when it was ascertained that
the material associated with the Bijawar dolomitic limestone of the Marble Rocks near
Jabalpur comes very close to the standard of the steatite at present utilized in the
b 2
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manufacture of gas-burners in England. Mr. Mallet's Note on Indian Steatite ap
peared in the same number of the Records, and is the result of a very elaborate test
ing of samples of steatite from the Madras Presidency, Central Provinces, Rajputana,
and Burma. The result shewed, as I had long anticipated from my acquaintance
with the source of the very fine form of the mineral known as "Bulpum " in com
mon use as a writing chalk over the Madras Presidency, that the Kurnool Dis
trict stands first in the likelihood of a production capable of successfully com
peting with the comparatively costly material now imported from Germany for gasburners in England. The opening up and exportation of this new product from India
must necessarily be attended with considerable difficulty and hazard, mainly, per
haps, owing to the difficulty of obtaining men skilled in the selection of proper stone.
The quarrymen of the country are, however, a very teachable class who can soon
appreciate the points of any stone for which there is a steady demand. The fact
remains that the stone occurs sufficiently pure and workable, sometimes within easy
reach of railways ; so that, after making liberal allowances for supervision, royalty,
railway, shipment, and incidental expenses, it appears clear that the good steatite
from every locality ascertained in this investigation, except those from Burma, may
be delivered in London at prices far below that now paid for the continental stone.
Mr. P. N. BoseOs exploration of the manganese deposits near Jabalpur was
referred to in the annual report for last year ; since then his second notice, or geo
logical sketch of the manganiferous iron and manganese ores of Jabalpur, was
published in the Records for November last.
Bengal Pres1dency.—Transitions ; Dharwar Series. —It was naturally to be
expected in the development of the gold industry in
Nettling, and Sub-As- tne Madras Presidency, that speculative and prospecting
sistant Hira Lai.
interests should in time be turned to all the known tracts
Revival of search giving any indications of gold ; and thus the belt of counafter gold.
trv jn cnota Nagpur, which from time immemorial has
been known for its native gold washings and occasional finds of decided fragments
of gold, has again come into notice through the formation of a syndicate to work
the neighbourhood of Sonapet. The Survey was asked for assistance in further re
porting ; but considering what has already been done by our former colleague
Mr. Ball, as described in his Memoirs and in the Manual of the Geology of India,
as well as that all the evidence goes to show that the rocks of the country belong
in all probability to the Dharwar series of Madras, it does not appear that there
will be any use in further geological reporting. The time has, in fact, come for
exploitation; and this, in the case of gold, can be best carried out by private
enterprise.
Dr. Noetling, however, took the opportunity during the Pooja holidays of looking
up the country, and has thus been enabled to send in a report which adds some
what further to the knowledge we have of this region. His note will be published
in the next number of the Records.
Lower Gondwana.—The defining of the eastern limits of the Chota Nagpur
coal-fields, by Mr. Sub-Assistant Hira Lai, was finished by the end of the working
season ; so that there is now a full and careful record at head-quarters of the coal
capabilities of this rather wild, and at present not easily approachable, tract of coun
try. Hira Lai also added materially to the filling in of the general geological map
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of India by mapping in some rather extensive eastern outliers of the Deccan Trap
of which we were unaware : thus bringing the connecting links in the argument for
the possibly Deccan Trap age of the Rajmahal Traps into closer view.
The borings which were arranged for by the Government of Bengal, in the Hura
field On the western edge of the Rajmahal Hills, have been
Rajmahal coal.
carried out, but without any satisfactory results as to the
quality of the coal found. Three borings were put down, the first of which, within
a reasonable distance of the old outcrop workings near Dakaiti, gave no satisfactory
show of coal. The second, somewhat further to the east, struck the floor (gneiss) of
the field at 297 feet, having passed through several seams of carbonaceous shale and
two of poor coal. A third boring showed a certain improvement and distinctness in
two of the coal seams ; one of 4 feet in thickness at 1 13 feet, and a second of 16' 6"
at 228 feet. The percentage of ash is still, however, too large. It was then decided
to put down some further borings to test these seams further to the east. I [have
lately pointed out sites for these, and they are now in active progress.
The Deputy Commissioner of Darjeeling has, with a wonderful perseverance,
_ . ,.
,
kept up the interest in the Darjeeling coal, notwithstanding
DarjeelIng coal.
our cont1nued reports as to the poorness and crushed cond1
tion of the outcrops from which samples have been taken and sent down to ihe Survey
Laboratory. At his urgent request, however, opportunity was taken of Mr. Bose's
temporary stay on the hills, for the examination of the metalliferous indications in the
northern part of the district; and later on, as the season suited, attention was turned
once more to the coal outcrops eastward of Teendaria. With these latter, Mr. Bose has
been so successful as to have found exposures of two thick seams, one of more than
20 feet, in the ravines to the southward of Kalimpong. Coal of both tertiary and
Gondwana age occurs along the foot of the hills ; but it is satisfactory to learn that
these thick seams belong to the true Indian coal-measures, and that the assays
so far as they have been tried in our Laboratory, are fairly sa'tisfactory. The coal
is still much crushed and difficult of extraction in large pieces, while the surface
samples collected do not cakeO. The results are, however, so encouraging that every
effort should be made to test it practically in the field : and, to this end, Mr.
Bose is placed there during the present field season to carry out a series of excava
tions, as well as experiments in the field 'as to the coking powers of the excavated
coal. The enquiry is at the same time being most cheerfully aided by Messrs. Burn
& Co. of Calcutta^ who have most obligingly placed a small press at Mr. Bose's
disposal for experiments in the way of moulding the crushed coal into briquettes.
The region in which this coal occurs is an exceedingly difficult one to examine, being
in the midst of dense jungle which can be considered healthy for only a few months
in the year. I am glad to record my appreciation of the very enthusiastic manner
in which Mr. Bose is engaging in the exploration ; while it is gratifying to note that
he is meeting with all that assistance and kindness so uniformly afforded by plant
ing proprietors and managers, who in so many cases open up country which might
otherwise be almost inaccessible to the geologist. The working of coal in a region
of such crushed and overturned strata as that of the outer slopes of the Himalayas
must always be attended with considerable difficulty and even danger, let alone dis
appointment in the breaking-off and nipping-out of seams, owing to fractures and
foldings in high-dipping strata ; but the outlook for a supply of fuel in the Duars
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does at the present time seem to be promising, and the credit of clearing it thus
early is certainly due to Mr. Paul's determined faith in the extension of the coal
so poorly shown in other parts of his district.
EXTRA-PENINSULAR INDIA.
Baluch1stan and the Punjab.—Mr. E. J. Jones was despatched early in the
year to take up a further examination of the Khost coal, or
E^j'jones, C. °S. Mid ' rather of the outcrops in the Sharigh Valley, on the results of
dlemiss, P. Lake, and which I gave an abstract report in the Records for August
Singh'anTmraLaT''" lastt As is the usual habit of COal of that age in this
region, the seams are very thin and so situated that it is
extremely difficult to form a fair estimate of the available amount of fuel, or, indeed,
of the most profitable mode of extraction. His search resulted in the conclusion
that the Khost seam is still the one on which any reliance can be placed as a pos
sible profitable source of fuel for that section of the frontier railway. He formed
what may be considered a reliable estimate of 565,000 tons of coal as likely to be
profitably extracted; although there is little doubt that considerably more coal is
actually hid away in the depth of the hill ranges to the southward of the station.
The difficulty lies, of course, in the working of so thin a seam, lying as it does
at an angle which brings it more under the form of excavation of a mineral lode
than of a bed, but this is a problem which can only be satisfactorily taken up by
colliery engineers.
Since then, a thorough examination of the coal and oil conditions of the tract
traversed by the railway between Sibi and Quetta has been
^Baluchistan coal and determined on by the Government of India; and a party
of the Survey under Mr. R. D. Oldham is now engaged on
the work. Several more outcrops of coal have been examined, but they are all
thin and more or less high-dipping and, so far, such as for a long time can be best
worked by some form of outcrop excavation, and by the utilization of local labour
in excavation and carriage rather than by the adoption of any expensive system of
colliery work or transport.
The recognition of the locale of reservoirs of mineral oil and of their productive
possibilities, judging from the ' shows ' on the surface, or from the following out of
particular zones or tracts of strata, is still to a very great extent about as puzzling a
problem as can come before the geologist. It is, in fact, a problem which in a
great many cases is still only solvable on what may be called empirical data. Within
the last month, however, some rather cheering news in favour of legitimate geolo
gical reasoning and following out of formational indications has come from Mr.
R. D. Oldham, who has recognised ' shows ' near Spintangi on the line of railway
itself. These exhibitions do not come up to the standard displayed at Khatan, but
they are enough to warrant the expectation of the existence of a reservoir of oil be
neath the locality, though, perhaps, at a considerable depth. Mr. Oldham's report
on this promising find is expected shortly.
While on tour early in the year, I revisited the Salt-Range region with
. _ „„
Mr. Middlemiss, partly with a view to finding corroborThe Salt Range.
.
.,
f JT ' . ,
..
at1ve ev1dence of Dr. Warth s recogn1t1on of Tr1lob1Us 1n
the ' Neobolus Beds, a notice of which is given in the Records for August last.
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Mr. Middlemiss, having just concluded his survey of the lower Himalayas between
Haldwani and Hardwar, brought with him all the experience gained in his
study of the remarkable geotectonic features of that region, balanced as it is by
his admirable training in the later treatment of geological physics, and his excellent
observational powers ; so that it is not surprising that we found certain new fea
tures and conditions of the Saline Series itself, and its relation to the other forma
tions which demanded a resurvey of portions of the range. Even on geological
grounds alone, the re-examination was imperative ; but it has its value as bearing on
the conditions of the formation in which the coal seams of Dandot occur, and on
the closer determination of the formations supposed to hold any reservoirs of oil
in the Punjab and Baluchistan.
This examination of the ground has, therefore, been entrusted to Mr. Middlemiss,
with whom is associated Mr. P. N. Datta. It will probably be finished by the end
of the present season.
H1malayas.—Palaozoic and Mesozoic.—The work stated as in progress in my
Messrs. R. D. Oldham, ^ast anrmal report was brought to a close at the end of last
C. S. Middlemiss, and working season. The result of Mr. Oldham's work in the
P. N. Datta.
Dehra and Simla portion of the lower Himalayas will appear
in a memoir as soon as time can be spared from the more pressing investigations
in Baluchistan. In the meantime it is satisfactory to know that we have now a full
record of the geology, on a more detailed scale of map, of the most frequented
part of the Himalayas, and that there is sufficient new evidence here and in the
Haldwani-Hardwar tract to help on in some measure the exhaustive study of this
great range which was initiated and carried on with such ardour by my predecessor,
Mr. Medlicott. The publication of Mr. Middlemiss' Memoir on the Physical
Geology of the Sub-Himalaya of Garhwal and Kumaun was delayed in order that
the full survey of the ground might be completed down to the Sarda river, or fron
tier of Nepal, and on account of the engraving of the illustrative map. In this south
western extension of the work, he was enabled to study and bring into notice the
gypsum of the Nehal Nadi, Kumaun, which should become
Gypsum.
a very usefuj and paying product in that region. A short
paper on the occurrence of this gypsum was given in the May number of the
Records.
Assam.— Cretaceous and Tertiary.—During the last year more detailed reports were
called for on the coal-fields of the Khasia and Jaintia Hills,
Mr. LaTouche.
and these have been furnished by Mr. LaTouche. His
Co*lreports on the Cherra Poonjee and Lakadong coal-fields,
illustrated as they are with plans on a scale of 400 feet to the inch, leave their future
working entirely in the hands of Colliery engineers. The geological survey of them
is completed : no exploitation can make them of better promise than they hold
forth now ; the next thing is actual colliery work, which will of course very much
depend on the demand which may arise either out of the completion of the short
line of hill tramway on the slopes of the range south of Cherra Poonjee, or through
utilization of the fuel on the upland to the eastward. The report on the Cherra
Poonjee field appeared in the Records for August, and that on Lakadong appears
in the present number.
At the close of the year, Mr. LaTouche, having so far completed coal enquiry
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in Assam, was attached to the Lushai column of the Chin-Lushai expedition, and is
at present extending our knowledge of the little-known tracts of the Lushai Hills.
Burma.—The exploitation of tin in Tennasserim continues in the hands of Mr.
Messrs T W H Hughes ; and towards the end of the year it was put in active
Hughes, T. D. La Touche, operation by the employment of a professional staff of Euroand Dr. Noetling.
pean exploiters and Chinese miners obtained from the Straits
TinSettlements. The conditions of tin-mining in the Mergui
District are fully set forth in his paper in the Records for August last ; and barring
delays or obstructions which are certainly not unlikely in such an out-of-the-way
and unopened dense jungly tract as that between Mergui and Maliwun is, a fair
preliminary practical development of what certainly appear to be very favour
able mineral conditions of the country may be expected within the next twelve
months. I have the fullest confidence in Mr. Hughes' ability and desire to
further by this exploitation the very liberal and wise effort being now made by the
Government of Burma to encourage public enterprise in the development of its
mineral resources.
In Upper Burma, much has been done by Dr. Noetling in the rather rapid ex
plorations which he had to make in regions known more or less favourably for coal
oil, iron, and precious stones ; and while so engaged he was also employed in fram
ing suggestions for the Government for a code of mineral conUppe^Burma
cessions and leases. His most important work was at the
oil-fields of what he has designated, though for no very
cogent reasons, as Twingong and Berne, but which have long been known as those
of Yenangyoung; and in the Chindwin coal-field. His report on the oil-fields
published in the Records for May is very complete and elaborate in details, while
the calculations based on these as to the past and future of the oil production form
quite a new and interesting feature in geological description of oil regions. He
has also prepared a very long and detailed description of the Chindwin coal-field,
which will appear in a future number of the Records.
Dr. Noetling returned to Calcutta in the rains, but has again been despatched to
Burma to meet the very urgent demand for exploitation in that country. Palaeontological research at the collections stored in the Museum at head-quarters is
therefore deferred until opportunity for his return occurs ; while the Survey must
depend now more than ever on such gracious assistance as can be given by
savants at home or on the Continent who have hitherto, or who may now take up,
the study of any special fossil series. In this connection, we have to acknowledge
the generous labours of Mr. Lydekker, Dr. P. Martin Duncan (who has just sent in
a description of the Syringospharida from the Karakorum), and Dr. Waagen ; as
also the offers of Dr. Feistmantel and Mr. Theobald to take up other work of a
special kind. It is to be hoped, too, that arrangements may be made for inducing
such distinguished specialists as Professors Neumayr, Mojsisovics, and Toula to
engage in the study and description of our large collection of fossils, now many
years in store, from the sedimentary rocks of the Central Himalayas, the geological
memoir on which is now all but completed by Mr. Griesbach.
Deputation with H. H. the Ameer of Afghanistan.— Mr. Griesbach returned
to India last July. His work with the Ameer was, as is now so very largely the case
in the Survey, geologico-industrial ; though this was greatly retarded by unforeseen
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political complication in the State. During his journey in 1888, up the Logar Valley
to the Khurd Kdbul Valley, Upper Wardak, Cherkh, Kharwar, Zanakhan, Ghazni, &c.,
the most interesting geological work was the recognition of at least three horizons : the
Rhaetic with Lithodendron (in Kharwar), the Upper Jurassic (or possibly neocomian)
plant-beds near the Shutargardan, and, finally, well-developed nummulitics (in Kharwar and Shilghar). He examined the copper lodes of the Logar and Khurd Kabul
areas, the magnesite of the Logar and the entrance to the Tangi Wardak, the graphite
of Cherkh, the iron and lead ores of Kharwar, and the argentiferous lead ore of
Zanakhdn near Ghazni. It turns out also that the entire Upper Surkh-ab Valley from
near Dodb-i-Mékhzari to near Dahana Iskar is practically one big coal-field with
numerous thick seams of good coal of Triassic and Rhaetic age.
Survey Publications.—Dr. Waagen's further contribution on the Salt Range
Fossils, in Part I, Vol. IV, Geological Results, was issued at the close of the year.
The current volume (XXII) of the Records contains twenty-five papers, fourteen of
these being on industrial or economic questions ; and as of old, the Survey has to
acknowledge outside contributions from Mr. Lydekker and Drs. Waagen and Warth. •
Library.— 1,584 volumes, or parts of volumes, were added during the year : 1,093
by presentation or exchange, and 491 by purchase.
Museum and Laboratory.—I regret to write that our work in each of these sections
of the Department has been most seriously and even sadly hampered by the retire
ment of Mr. Mallet in June last, and by the death of Mr. Jones, who succeeded him
in these very important charges. Mr. Mallet retired through failing health after a long
and most successful career in the Survey, a good deal of the latter part of his service
having been spent in laboratory research, not only of great economic, but of
eminent scientific value. So wrapt, indeed, is he still in the interests of our research
that he left with a distinct understanding that he would yet work for love of the
service he so regretted to leave ; and my hopes are that the department will benefit
considerably by his advice on questions which may require further authoritative
examination than can be carried out in our laboratory. Mr. Jones, though scarcely
endowed with the clear acumen of his senior, was, by his steadiness of enquiry and
his great reliability, in a fair way of successfully filling the place of his retired col
league ; and the department finds it very diff1cult to repair the loss sustained in his
death in October last.
In the meantime and until the post is filled by a more specially trained chemist
and mineralogist, Mr. Lake, who had to be recalled from Baluchistan through ill
health, conducts the work of the Museum and Laboratory.
The number of assays and reports on metalliferous minerals for mercantile firms,
mining companies, and private individuals has increased considerably during the
year ; and, as already slated, both Mr. Mallet and Mr. Jones were despatched for
special enquiries for the Governments of India, Bengal, and the Central Provinces,
connected with coal, iron, pottery, and gas industries.
WILL .KING,
Director, Geological Survey of India.
Calcutta :
fanuary 31st, 1890.
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List of Societies and other Institutions from which Publications have
been received in donation or exchange for the Library of the Geolo
gical Survey of India, during the year i889.
Adela1de.—Royal Society of South Australia.
Albany.—Museum of Natural History.
„
New York State Museum.
Ballarat.—School of Mines.
Balt1more.—Johns Hopkins University.
Batav1a.—Batavian Society of Arts and Sciences.
„
Koninklijke Natuurkundige Vereeniging in NederlandschIndie.
Belfast.—Natural History and Philosophical Society.
Berl1n.—German Geological Society.
„
International Geological Congress.
„
Koniglich Preussische Geologische Landesanstalt und Bergakademie.
„
Royal Prussian Academy of Science.
Bologna.—Royal Academy of Sciences.
Bob1bay.—Bombay Branch, Royal Asiatic Society.
„
Marine Survey of India.
„
Meteorological Department.
„
Natural History Society.
Bordeaux.—Linnean Society of Bordeaux.
Boston.—American Academy of Arts and Sciences.
„
Society of Natural History.
Breslau.—Silesian Society.
Br1sbane.—Queensland Branch, Royal Geographical Society of Austral,
asia.
„
Royal Society, Queensland.
Br1stol.—Bristol Naturalists' Society.
Brussels.—Royal Academy of Science.
„
Royal Geographical Society of Belgium.
„
Royal Malacological Society of Belgium.
Bucarest.—Bureau Gdologique, Roumain.
Budapest.—Hungarian National Museum.
„
Royal Hungarian Geological Institute.
Buenos A1res.—National Academy of Sciences, Cordoba.
Calcutta.—Agricultural and Horticultural Society.
„
Archaeological Survey.
„
Asiatic Society of Bengal.
„
Editor, " Indian Engineer."
„
Editor, " Indian Engineering."
„
Indian Museum.
„
Meteorological Department, Government of India.
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Calcutta.—Survey of India.
Cambr1dge.—Philosophical Society.
Cambr1dge, Mass.—Museum of Comparative Zoology.
C1nc1nnat1.—Society of Natural History.
Copenhagen.— Royal Danish Academy.
D1jon.—Academy of Sciences.
Dresden.—Isis Society.
Dubl1n.—Royal Dublin Society.
,,
Royal Irish Academy.
Ed1nburgh.—Geological Society.
„
Royai Scottish Society of Arts.
„
Royal Society.
„
Scottish Geographical Society.
Glasgow.—Geological Society.
,,
Glasgow University.
„
Philosophical Society.
Gotha.—Editor, Petermann's Geographische Mittheilungen.
Gott1ngen.— Royal Society.
Halle.—Kais. Leopoldinisch-Carolinische Deutsche Akademie der
Naturforscher.
„
Natural History Society.
Harr1sburg.—Second Geological Survey of Pennsylvania.
Hobart.—Royal Society of Tasmania.
Kon1gsberg.— Physikalisch-Okonomische Gesellschaft.
Lausanne.—Vaudois Society of Natural Sciences.
Le1den.—Ecole Polytechnique de Delft.
„
Geological Museum.
L1ege.—Geological Society of Belgium.
Le1pz1g.—Geographical Society.
L1lle.—Socidtd Ge"ologique du Nord.
L1sbon.—Geological Commission of Portugal.
L1verpool.—Geological Survey.
London.—Geological Society.
„
Iron and Steel Institute.
„
Linnean Society of London.
„
Royal Asiatic Society of Great Britain and Ireland.
„
Royal Geographical Society.
„
Royal Institute of Great Britain.
„
Royal Society.
„
Society of Arts.
„
Zoological Society.
Madras.—Government Astronomer.
Madr1d.—Geographical Society.
„
Royal Academy of Sciences.
Manchester.—Geological Society.
„
Literary and Philosophical Society.
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Melbourne.—Department of Mines and Water Supply, Victoria.
„
Public Library, Museums, and National Gallery, Victoria.
„
Royal Society of Victoria.
M1lan.—Society of Natural Science.
Montreal.— Geological and Natural History Survey of Canada.
„
Royal Society of Canada.
Moscow.—Imperial Society of Naturalists.
Mun1ch.— Royal Bavarian Academy.
Naples.—Royal Academy of Science.
Neuchatel.—Society of Natural Sciences.
Newcastle-on-Tyne.—North of England Institute of Mining and Mechanical En
gineers.
New Haven.—The Editors of the " American Journal of Science."
New York.—Academy of Sciences.
Par1s.—Geographical Society.
„,
Geological Society of France.
„
Mining Department.
„
The Editor of the " Annuaire Gdologique Universel Rfvn s
de Ge"ologie et Paleontologie."
Ph1ladelph1a.—Academy of Natural Sciences.
„
American Philosophical Society.
„
Franklin Institute.
P1sa.—Society of Natural Sciences, Tuscany.
Rome.—Geological Survey of Italy.
„
Royal Academy.
„
Royal Geological Commission of Italy.
Sacramento.—California State Mining Bureau.
Sa1nt Petersburg.—Geological Commission of the Russian Empire.
„
Imperial Academy of Sciences.
Salem.—Essex Institute.
Shangha1.—China Branch, Royal Asiatic Society.
S1ngapore.—Straits Branch, Royal Asiatic Society.
Sydney.—Australian Museum.
,,
Department of Mines, New South Wales.
„
Linnean Society of New South Wales.
„
Royal Society of New South Wales.
Tok1o.—Seismological Society of Japan.
Toronto.—Canadian Institute.
Tur1n.—Royal Academy of Sciences.
Ven1ce.—Royal Institute of Science.
V1enna.—Imperial Geological Institute.
„
Imperial Natural History Museum.
„
Royal Academy of Science.
Wash1ngton.—National Academy of Sciences.
„
Smithsonian Institution.
„
United States Geological Survey.
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Wash1ngton.—United States Mint.
Well1ngton.—Colonial Museum and Geological Survey of New Zealand.
„
Department of Mines, New Zealand.
„
New Zealand Institute.
Yokohama.—German Naturalists' Society.
York. —Yorkshire Philosophical Society.
The Secretary of State for India.
The Governments of Bengal, Bombay, India, Madras, and Punjab.
The Chief Commissioners of Assam, Burma, and Central Provinces.
The Resident at Hyderabad.
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Report on the Lakadong Coal-field, Jaintia Hills; by TOM D. LaTouche,
B.A., Deputy Superintendent, Geological Survey of India. (With 2
plans.)
The coal-field of Lakadong is situated near the southern edge of the Jaintia Hills,
about 7 miles from the plains at Burghat on the Harri river, and at an elevation of
about 2,200 feet above them. The coal occurs near the top of several small plateaus,
the lower portion of which is formed of thickbeds of nummulitic limestone, as at Cherra
Punji, rising to about 200 feet above the general level of the hills; these detached
plateaus, are evidently the remnants of beds of limsetone and coal-bearing rocks,
which at some former time extended far beyond their prseent limits, the intervening
portions having been removed by denudation since the upheaval of the hills : their
surface slopes gently towards the South or South-East, and is generally even, except
where a low ridge, formed of an upper band of thick-bedded limestone, rises near
their centre. In all these plateaus, coal is found cropping out at various points on the
precipitous scarps by which they are surrounded, and at a very short distance below
the top. generally from 10 to 20 feet; this makes it an easy matter to get the coal,
either by driving in galleries from the outcrop, or by digging shallow pits on the
surface of the plateau.
An account of the field, with a small-scale plan of one of the plateaus, was
published by Dr. Oldham in vol. i, Part 2, of the Memoirs, Geological Survey,
p. 145 : he gives a description of the various outcrops visible at the time of his visit
in 1852, which appear to be in much the same condition now as they were then,
since very little coal has been extracted in the interval, and estimated the total
quantity of coal at 1,500,000 tons ; but he appears to have taken into account only
the largest of the plateaus, called Umlotodo, on which the village of Lakadong
stands ; the other plateaus, however, contain an insignificant amount of coal as com
pared with this.
The present notice is the result of a survey made during a recent visit to the field,
about which inquiries have lately been made by certain Calcutta firms with a view
to its development. Owing to want of time, I was unable to do more than survey
two of the plateaus, those of Umlotodo and Umat, which are practically portions of
the same, but are divided from each other by a narrow and deep ravine. The
others, lying as they do a greater distance from the plains, and containing, as is
shown in a report by the late Mr. Ringwood, no very large amount of coal, can very
well remain until some progress has been made with the opening out of the two now
described ; but it will probably be found, judging from Mr. Ringwood's report, that
the seams in them are too thin to be profitably worked.
The Umlotodo Plateau.
In this portion of the field coal is actually visible in twelve places, in most of
which it has been worked by the natives to a small extent at one time or another,
but no doubt many other outcrops would be found if the jungle that covers all the
hill-sides below the top of the plateau were cleared away. In many places also,
where the face of the hill-side is accessible, no coal is visible because, being a softer
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rock than the sandstone above, it has been washed out and the sandstone has settled
down, thus concealing the outcrop. The visible outcrops, taken in order as marked
on the accompanying plan, are as follow :—
(1) The seam is exposed near the bottom of a funnel-shaped hollow, caused
by underground denudation of the limestone beneath ; it occurs at about
1 5 feet from the surface and is 6 feet 4 inches thick ; the coal is bright
and of good quality, but, like al! the coal in this field, is traversed by
numerous small joints, which cause it. to split into small cuboidal frag
ments. The seam dips to the south-east at about 8°, but this and
other instances in which the rocks dip at a greater angle than the normal
dip of the whole field, which is very slight, is probably due to the dis
turbance of the rocks caused by their falling in, and does not extend to
any distance from the edges of the hollow. When Dr. Oldham visited
the place, this was the most extensive working in the field, and five
headings had been carried in to a distance of 9 fathoms, but these have
now fallen in, except one which is 20 feet deep, and have been aban
doned for many years. Overlying the coal in this and all the other places
where it is seen is a thick bed of sandstone, of a sharp gritty texture,
which is fairly hard when first opened out, and forms an excellent roof
to the workings, but on exposure to the air it becomes soft, and would
require propping up, if required to stand for any time.
(2) The seam here is exposed at the edge of the plateau, at about 12 feet
below the surface, and is 3 feet thick. .
(3) At the edge of the plateau the coal lies at about 10 feet below the surface
and is 2 feet thick.
(4) Some coal has been extracted from two small pits not far from the edge of
the plateau, about 10 feet deep ; the seam appears to be about 2 feet
thick, but is not well exposed.
(5) At edge of plateau ; the coal is 3 feet thick and only 7 feet below the surface.
(6) Here a funnel-shaped hollow has been formed on the side of a small knoll,
and the coal is found at the entrance to a cave formed by the falling in
of the underlying limestone. The coal is 2 feet 6 inches in thickness,
but dies out to nothing within a distance of about 12 feet; it appears
again a few feet further on, where it is only 1 foot thick. This thin
ning out of the coal is noticeable in most of, the sections seen ; it
may be due either to denudation of the coal before the sandstones over
lying it were laid down, or it may be merely caused by the settling
down of the harder sandstones above upon the coal where the edges of
the beds have been exposed. I think, however, that, considering the
very variable thickness of the seam in the different sections, the former
is more likely to be the correct supposition, and that the coal only
occurs in lenticular beds : this, of course, detracts enormously from
the value of the field and renders it extremely difficult to form a reliable
estimate of the amount of coal contained in it.
(7) Here also the coal is exposed at the entrance to a large cave formed in the
same manner as the preceding ; there are two seams, divided byOabout
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18 inches, of carbonaceous shale ; the upper is 1 foot thick and the lower
4 feet, but they quickly thin out horizontally and disappear altogether.
(8) Here the coal is only 1 feet 10 inches thick, but is more constant in thickness
than at other places, at least as far as it can be traced, a distance of
about 20 feet.
(9) The seam occurs at about 12 feet from the surface, but is not well exposed,
as the rocks above have fallen in upon it. It is said to have been about
3 feet thick.
(10) The coal is exposed here in a narrow ravine at about 30 feet below the
surface of the plateau; its thickness is about 2 feet 6 inches where
thickest, but it thins out to only 1 foot in about 12 or 15 yards.
(11) This is the thickest outcrop seen in the whole field ; it occurs at the head
of a narrow ravine, or croom, and at the time of Dr. Oldham's visit was
being worked. The seam is divided horizontally by a band of hard
shaly sandstone, about 3 feet thick ; the upper part, when Dr. Oldham
saw it, was about 5 feet thick, and the lower in one place at least 8 feet,
but when I saw it the two seams only measured 4 feet and 5 feet 6 inches,
respectively. A large part of the old working is now covered by debris,
so that I probably saw a different part of the seam, which, according
to Dr. Oldham, dwindles from 8 to 4 feet within a short space. About
10 feet of sandstone separate the upper seam from the surface of the
plateau.
(12) A small pit has been opened here, and is the only one now being worked,
200 maunds having lately been taken out for a tea plantation at the foot
of the hills. The top of the seam, which is 2 feet 6 inches thick, is only
6 feet from the surface : a small heading has been driven into the coal
to a depth of 2 feet.
It will be seen from the foregoing that the thickness of the seam in different parts
of the plateau is very variable, and that it is by no means certain that coal would be
found at every point, as it appears to lie in lenticular beds or pockets of limited
extent. For this reason it would be advisable, before any expense is incurred in
improving the communications with the plains, and in obtaining machinery, &c., for
working the coal, to test the thickness of the seam by making a series of small pits
or borings. These might be made in any direction across the field, and would cost
very little, as the average depth would not be more than 1 5 feet or so, and local
labour might be employed. They could also be used afterwards for extracting the
coal, if it was found that the field was worth working.
The area of the Umlotodo plateau is about 11,523,000 square feet, which, esti
mating the average thickness of the coal at 2 feet, would give a total quantity of
853,000 tons of coal. The estimate of the thickness of the seam is of course open
to correction, and it should be said that in 1852 Dr. Oldham gave 3 feet as the
probable average thickness, which would imply a total quantity of coal of 1,280,000
tons. It is impossible to say, until the thickness is further tested by pits or borings,
which of these estimates is more nearly correct ; Dr. Oldham gives 1,500,000 tons
as the probable total quantity of coal, but he over-estimated the area of the field,
which he put down at half a square mile, by nearly 2 J millions of square feet.
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The Umat Plateau.
In this portion of the field a good section of the coal is seen at only one point ;
this is marked (13) on the plan; the seam occurs at about 25 feet below the surface,
and is 4 feet thick ; it is exposed for abouf 20 feet horizontally, beyond which it is
covered by debris and jungle.
Coal has also been slightly worked at the points marked (14) and (15) on the plan,
but the rocks above have settled down at each of these places, and no coal is now visible.
The area of this plateau is 4,202,000 square feet, and if the average thickness of
the coal is put down at 2 feet, it would yield a total quantity of 31 1,000 tons of coal.
This, added to that in the Umlotodo plateau, gives a total of 1,164,000 tons for the
portion of the field surveyedThe extraction of the coal in this field will be a simple matter, seeing that it lies
so close to the surface ; the best method of mining it would be, I think, to sink
shallow pits at short distances from each other, and on reaching the coal, drive head
ings from one to the other along the seam. The coal included in the area between
these headings might then be entirely worked out, and the roof allowed to fall in.
Some propping of the roof will be necessary while the coal is being secured, but
this will not have to be very elaborate, as the sandstone forming the roof should
stand very well, and wood suitable for this purpose is abundant in the vicinity. As
at Cherra, the mines could be so arranged as to be drained naturally through adits
opening on the face of the cliffs surrounding the plateau, and no pumping machinery
would be required. A good road would have to be made down to the plains at
Burghat, but this would not present any great engineering difficulty, as no large rivers
have to be crossed, and the distance is only 7 miles, while the elevation of the field
above the plains is about 2,200 feet, or about half that of the coal-field at Cherra
Pnnji. From Burghat the coal can be taken in boats to any part of Cacharor Sylhet.
I am not aware that any analysis has been made of this coal, but from its appear
ance I should say that it is very similar to the coal of Cherra ; and it belongs to the
same period,—the Nummulitic or Lower Eocene division of the Tertiary formation.

♦

On the Pectoral and Pelvic Girdles and Skull of the Indian Dicyno
donts. By R. Lydekker, B.A.
In describing certain fragmentary bones from the Panchet beds, which appeared
to be referable to the pectoral girdle of the Indian Dieynodonts, Professor Huxley 1
experienced considerable difficulty in deciding as to their true position in the skele
ton, and also in correlating them with the homologous bones of the African represent
atives of the same group. In the memoir cited, the Professor described two kinds
of bones which he considered to belong to the pectoral girdle. One bone (vol. v,
figs. 1-3) was of an expanded and flattened type, and was considered to be probably
1 Pal. I nd., ser. 4, vol. i, pt. i.
C

18

Records of the Geological Survey oj India.

[VOL. XXlII.

a coracoid, although it was suggested that it might possibly be a scapula. The other
bone (vol. v, figs. 4-5), which was of a more elongated type, appeared to be decided
ly a scapula, and the Professor would have regarded it as the scapula of the Indian
Dicynodont had it not been for certain bones from South Africa referred by Sir
R. Owen to that portion of the skeleton. In a memoir subsequently published by the
present writer 1 it was concluded that the elongated bones were in all probability
the scapulae of Dicynodonts, while the flattened bones were regarded as the coracoids. A smaller coracoid-like bone has, however, been figured (1. c., pt. iii, pi. ii, fig.
8), which, it was suggested, might perhaps belong to the small Dinosaur to which Pro
fessor Huxley applied the name Ancistrodon, since, if the flattened bones f1gured by
the latter writer were really the coracoids of Dicynodonts, it was quite evident that the
smaller bone must belong to a totally different form.
The whole difficulty really arose from the above-mentioned African bones
figured by Sir R. Owen in the Trans. Geol. Society, ser. 2, vol. vii, pi. xxiv,
which were regarded as belonging to the pectoral girdle, but, as is shown
by associated specimens in the British Museum, are in reality referable to the pelvic
girdle. Thus, the large and expanded bone
represented in fig. 2 of the plate cited, which
was considered to be either a scapula or a
coracoid, and is evidently homologous with
the expanded Indian specimens figured by
Professor Huxley, proves to be the ilium;
while the smaller and perforated bone in the
lower part of the same figure turns out to be
the imperfect pubis and ischium.
Thus, we find that the expanded Indian
bones figured in plate v, figs. 1-3, of Professor
Huxley's memoir, have nothing to do with
the pectoral girdle ; and we are consequently
free to regard both the elongated bones re
presented in figs. 4, 5 of that plate, and the
coracoid provisionally referred to Ancistrodon
as really belonging to the pectoral girdle of the
Indian Dicynodonts. A specimen of the im
perfect right side of the pectoral girdle of a
comparatively small African Dicynodont pre
Fic. 1.—Dorsal aspect of the cartilage
served in the British Museum, (No. 36287), and
figured in " the Philosophical Transactions '' bones of the right side of the pectoral
gIrdle of Ptychosiagum orientate. \, sc.
for 1888, p. 492, fig. 1, at once shows the mu
= scapula :
tual relations of the two Indian bones, which
a. Acromial process of d°.;
are placed in their natural relative positions
b. Supra-acromial process of d°.;
in the accompanying wood-cut. The scapula cor. — coracoid ; ;'. cor. = precoracoid :
corresponds exactly with that portion of the gl. = glenoid cavity.
scapula remaining in the African specimen,
and also with the larger entire African scapula described by Sir R. Owen as Platy1 Pal. Ind., scr. 4, vol. i, pt. iii, pp. 7-9.
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podosaurus, which likewise belongs to a Dicynodont. The British Museum
specimen No. 36287 shows that the ventral portion of the pectoral girdle was
formed by a coracoid and pre-coracoid, both of which enter into the composition
of the glenoid cavity. Now, the small Indian coracoid figured as Ancistrodon
agrees precisely wtth the coracoid of the African specimen, and shows on its ante
rior border a distinct articular surface for the pre-coracoid, of which the outline is
introduced into the wood-cut. Another specimen in the British Museum shows that
the distinctness of the pre-coracoid from the coracoid was a character found in adult
specimens of the largest Dicynodonts, as well as in examples that may belong to
immature individuals. It may be observed in passing that it has been shown by
the writer in the memoir cited that the common Indian Dicynodont is referable to
that genus commonly known as Ptychognuthus ; since, however, the latter term is pre
occupied, the name Ptychosiagum has been proposed by the writer 1 in lieu thereof.
There has been some confu
sion in regard to the processes
marked a and b in the figure
of the scapula, which has been
discussed in a paper recently
read by the writer before the
Zoological Society. With re
gard to the bones of the pelvis,
the ilium figured by Professor
Huxley in plate v, fig. 1 of
the memoir cited, is represent
ed in a reversed position in
fig. 2, with the missing portion
of its posterior border and the
outline of the ischium and pu
bis restored from specimens
Flo. 2.—Reversed view of the left side of the pelvis of
in the British Museum (Nos. R. Ptychosiagum
orientate ; the pubis and ischium being
1698 and 1699), which show restored from specimens in the British Museum. }, il
the three bones in association. ~ilium; Is. — ischium ; pb. = pubis ; 0./. = obturator
We thus see that the imperfect foramen.
bone represented in the Pal Ind., ser. 4, vol. i, pt. iii, where the suggestion is
made that it may be a portion of the pubis, does not belong to the cartilage bones of
either the pectoral or pelvic girdle. I am, however, at present unable to refer this
bone to its true position in the skeleton.
This revised determination of the bones of the pectoral and pelvic girdles of the
Indian Dicynodonts shows that they correspond in every respect with the homolo
gous elements of the skeleton of their South African allies.
Devoting a few words to the consideration of the fragments of the skull of the
Indian form, attention may first be directed to the imperfect left side of the occipital
region represented in fig. 3, with a restored outline of the entire occiput from the
African Ptychosiagum declive. The Indian fossil has been already figured by myself
1 Nicholson and Lydekker ; Manual of Palaeontology, 3rd ed., vol. ii, p. 1063 (1889).
ca
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in Pal. Ind., ser. 4, vol. i, pt. 3, pi. i, fig. 2 ; but in making the restoration of the oppo
site side the fragment was placed too nearly vertically. In the present figure this
has been corrected ; and the resemblance between the occiput as thus restored and that
of the African form
is so close as to
render it difficult
to discover even
specific distinc
tions. The Indian
specimen
in
dicates an indivi
dual nearly of the
size of P. declive
but is specifically
dis'inguished by
the greater width
of the interparie
tal. In the former
figure the bones
were lettered ac
cording to Sir R.
Owen's determi
nation, but a reF1g. 3.—Part of the left side of the occiput of Ptychosiagum orientate,
vised nomencla- w'th a restored outline of the whole occiput from P. declive. Nat. size.
,
60. =, basioccipital ; eo. = exoccipital : t. — tubercle on supra-occipital;
ture 1s now adopt. 1nfer1or
. , . processes. The .bone above
.
t.the supra-occ1p1tal
• , 1s
• the
..
r
o.e.—
interparietal.
It may be added that the undetermined bone represented in*pl. ii, figs. 12, 13, of
the menoir last cited, proves to be the articular bone of one ramus of the mandible.
Finally, I should observe that I have provisionally included all the above-men
tioned specimens under one specific heading, since, beyond variations in point of
size, I do not find any distinctive differences in homologous bones.
♦
Note on certain Vertebrate Remains from the Nagpur District ; by
R. Lydekker, B.A. ( With description of a Fish-skull, by A. SmIth
Woodward, F. G. S.)
Having recently examined the Vertebrate remains from the Nagpur district in the
Museum of the Geological Society, I have observed among them three! specimens
which are of considerable interest. Two of these belong to reptiles, while the third
is a portion of the skull of a fish. In regard to the latter, my friend Mr. A. Smith
Woodward, F G.S., of the British Museum, has been good enough to record the
results of a careful examination which he has made with a view to determining its
affinities. The fish-skull and the Chelonian plastron were presented by the late

PARTI.]

LydEKKER : Vertebrate Remains/row Nagpur District.

21

Reverend S. Hislop, of Nagpur, while the third specimen, which is a reptilian tooth
is the gift of a Dr. Rawes. My thanks are due to the President of the Society for
permission to describe these specimens.
I.—DInosaurIan Tooth from TaklI.
Many years ago Dr. Rawes presented to the Museum of the Geological Society
the crown of a compressed and serrated reptilian tooth, which he had obtained at
Takli close to Nagpur.1 Mention is made of this tooth by Mr. Hislop in the " Journal
of the Bombay Branch of the Royal Asiatic Society," vol. vi, p. 196 (1861), and also
in the "Quarterly Journal, Geologicial Society," vol. xx, p. 281 (1864). In the
former passage, the specimen is stated to have been obtained from the Intertrappeans;
while in the latter, it is compared to the teeth of Megalosaurus, and stated to
resemble other teeth obtained by Mr. Hislop from the Maleri beds, although of a
thinner and more compressed type. Mention is again made of this specimen (which
I had not then seen) by myself in the Pal. Ind., Ser. iv, vol. i, pt. 3, p. 26, when I
considered that it was probably referable to Megalosaurus, and suggested that both
this and the Maleri teeth really came from the Lametas. The subsequent finding of
teeth in the Maleri beds, which I now know to be of the same general type, and
of which examples are figured in the Pal. Ind., op. cit., pt. 5, p. 29, fig. 1, and
pi. vi, fig. 10, shows that Mr. Hislop's specimens were really of Maleri age.
With regard to the age of Dr. Rawes' specimen, it would appear improbable
that a Dinosaur should exist at the period of the Eocene Intertrappean beds, and
since, according to Mr. Blanford,' Infratrappean Lameta beds do occur at Takli
beneath the Intertrappeans, while the fossil is evidently one found lying on the surface
of the ground,8 it appears highly probable that it is really of cretaceous (Lameta) ageThis interesting specimen is figured of the natural size in the accompanying
woodcut (fig. 1). In its highly compressed crown, with serrated edges, this
tooth presents a marked general resemblance to small specimens of the teeth of
Megalosaurus. A closer examination shows, however, that the crown is
proportionately shorter ; while its posterior border, instead of presenting the marked

F10. I.— Posterior and lateral aspects of the crown of a tooth of Massnsponaytus rawtti
from the Lameta (P) beds of Takli, near Nagpur \. Part of the serration of the posterior border
is shewn on an enlarged scale.
1 See Blanford ; Mem. Geol. Surv. Ind., vol. ix, p. 25.
» Op cit. p. 23.
3 The mixture of Infra and Intertrappean fossils in several locations is noticed in the
" Manual of the Geology of India," p. 311.
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concavity found in the Megalosaurian teeth, is nearly straight ; and the serrations
are comparatively long and slender, and directed obliquely to the axis of the tooth,
instead of being short and blunt, and directed at right angles to this axis, as in
the latter. Again, the serrations occupy the whole length of the anterior border of
the crown, whereas in Megalosaurus they do not occur on the lower part of this
border. In all the above points this tooth closely resembles the Dinosaurian teeth
from Maleri, although distinguished by its greater lateral compression. Moreover,
these features are repeated in the teeth of the English Triassic genus Thecodontosaurus, in which, however, the posterior border of the crown in slightly convex. Now,
1 hecodontosaurus belongs to that generalized family of Theropodous Dinosaurs for
which the name Anchisaurida has been proposed, and I have already given reasons
for regarding the Maleri Dinosaur1 as belonging to that family, as a representative
of the African genus Massospondylus. The more compressed crown of the Takli
tooth does not of itself necessarily imply its generic distinction from the Maleri form,
and I accordingly propose to refer it provisionally to that same genus, under the
name of Massospondylus rawest. Since, moreover, the Maleri form has not yet
received a name, I propose that it should be known as M. hislopi ; the type speci
men being the vertebra figured in the Pal. Ind., ser. 4, vol. i, pt. 5, pi. v, fig. 4.
If I am right in regarding Massospondylus as referable to the Anchisaurida, the
Takli tooth is of very considerable interest, as indicating the survival of that family
(or at all events of a closely allied one) to the period of the middle Cretaceous: the
American and English types being characteristic of the Upper Trias.
II.—Part of a Chelonian Plastron from Phisdura.
Among the remains collected by Mr. Hislop at Phisdura nearNagpur, mention is
made by him in the " Journal of the Bombay Branch of the Royal Asiatic Society,"
vol. vi, p. 196, of the greater part of the shell of a small Chelonian, and also " part
of a very thick plastron of another species of the Chelonian order." Among the
specimens presented by Mr. Hislop to the Geological Society, there is part of the
anterior extremity of a plastron which answers to- the above brief description, and
is therefore probably the specimen referred to. Mr. Hislop considered that these
remains were derived from the Infratrappean Lametas. Since, however, Physa
prinsepi, of the Bombay Intertrappeans, is common at Phisdura, there is a strong
probability (as mentioned on p. 311 of the " Manual of the Geology of India") that
concealed Intertrappean beds occur at this place ; and since the Chelonian speci
men under consideration belongs to a genus occurring in the Bombay Intertrap
peans, there is a strong presumption that it is likewise of Eocene age.
Before proceeding further it should be observed that the Chelonian from the
Intertrappeans of Bombay was originally described by Dr. Carter in the " Journal,
Bombay Branch, Royal Asiatic Society," vol. iv, p. 186 (1852), under the name
of Testudo leithi, but was subsequently referred by Dr. Gray in the Ann. Mag. Nat.
Hist., sec. 4. vol. viii, p. 339, to the genus Hydraspis, which is now confined to
South America. The type specimen, which is probably in the museum of the Bombay
Asiatic Society, indicates an individual considerably inferior in size to adult ex
amples of the existing H. hilarii.
1 Records, G. S. of I., vol. xxi, p. 146.
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In the accompanying woodcut (f1g. 2) Mr. Hislop's specimen is figured on a
reduced scale side by side with the anterior extremity of the plastron of Hydraspis
kilarii. The fossil consists of the anterior portion of the right epiplastral ; and a
comparison of the two figures reveals such a close correspondence between the two
as to indicate their generic identity. The right half of the are^ occupied by the
large intergular shield so characteristic of the Pleurodiran section to which Hydraspis belongs is well shown, and agrees closely in contour with that of the figured
adult example of the living species, which is of somewhat smaller size.
Compared with Dr. Carter's figure of the type of H. leithi, the present specimen
differs not only by its much larger dimensions, but also by the proportionately
larger size of the gular and the smaller size of the intergular shields. The dif
ference in points of size is obviously of no importance, and since nearly similar
degrees of variation occur in the proportions of the gular and intergular shields in
the existing forms, it is probable that the Phisdura specimen should be referred to
Hydraspis leithi. The present specimen is of interest, as extending the range
of that species
into the Cen
tral Provinces ;
and also as
lending sup
port to the evi
dence afforded
by Physa Prinsepi that Inte rtrappean
beds occur at
Phisdura.
F1g. 2.—Anterior extremity of the plastron of Hydraspis hilarIi,
and part of the right epiplastral of H. leithi. \ nat, size ; ^u.-gular
shield ; i. gu. -intergular do. ; Aum.-humeral do.
3. FIsh-skull from Dongargaon.
The fish-skull was obtained from the Infratrappean Lameta beds at Dongar
gaon (Dongargaum), 6 miles east by south of Warora,1 and is mentioned in the
Quart. Journ., Geol. Soc., vol. xvi, pp. 162-163 (1860). In that passage it is
stated that the specimen had been submitted to the late Sir Philip Egerton, who
considered that it probably indicated a fish allied to the genus Sphyranodus of the
London clay. The specimen is unfortunately but very imperfectly preserved, so that
its exact determination is no easy matter. Mr. Smith Woodward's note upon it is as
follows:—
" The fossil exhibits the greater portion of the skull of a long-mouthed fish, and
so far as preserved, measures 0^240 m. in length. The cranial roof is seen from the
upper aspect nearly complete, although much crushed posteriorly, and evidently
wanting a short length in front. It is very narrow and slender, a pair of elongated
bones, which are broad behind and tapering anteriorly, extend from the occiput far
1 See " Manual of the Geology of India," p. 311.
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towards the anterior extremity of the snout ; and the lateral notch for the orbit on either
side occurs at a point about one third of the total length of these bones from
their hinder end. Another pair of elongated, but smaller, bones occurs further for
wards ; their slender backwardly-tapering extremities being intercalated for a consider
able space between the anterior ends of the hinder bones. A fragment of the maxilla
remains on the right side, exhibiting several teeth; and both rami of the mandible
are seen displaced from beneath the cranium in a shattered condition. The
latter are long and slender, not excessively deepened behind, and the ramus of the
right side retains traces of the teeth. In the anterior region of both the upper and
lower jaws the teeth are conical and marked with strong vertical wrinkles, and tipped
by a small cap of enamel. There is an outer [series of small approximated, and
uniform teeth, internally to which we find a 'row of larger teeth, separated from one
another by considerable intervals. In the hinder portion of the mandible the teeth
become very short and stout, but since no oral view is obtainable of the splenial
element, it is impossible to determine whether they form a triturating pavement.
None of the bones are sculptured externally.
" Although originally compared with Sphyranodus (—i.e., Dictyodus) by Sir
Philip Egerton, the fossil does not appear to present much resemblance to the head
of a Scomberoid Teleostean ; and I would provisionally associate it with the fishes
from the upper Cretaceous of England and Syria assigned to the genus Belonostomus.
From the latter it appears to differ only by the prominence of the vertical flutings
upon the teeth."
The name Belonostomus (?) indicus may be suggested for this fish, if, as is pro
bably the case, it proves to be distinct from the species hitherto described.

♦

Crystalline and Metamorphic Rocks of the Lower Himalaya, Garhwdl and
Kumaun, Section IV ; by C. S. MlDDLEMIsS, B.A., Geological Survey
of India. (With two plates.)
The Igneous Rocks of RAnibXgh, BhuwalI, and KhaIrna.
Following the practice begun in the earlier sections devoted to the subject of the
crystalline and metamorphic rocks of the Lower Himalaya, I shall, in the present
section, attempt to group together a few scattered observations on some igneous rocks
from the above localities. In my memoir (Mem. Geol. Sur. of India, XXIV,
Part 2). on the Sub-Himalaya of Garhwal and Kumaun, I have briefly referred to
them for the purpose of elucidating certain facts relative to the Sub-Himalayan
Tertiary rocks, but without going into stratigraphical or microscopical details.
The rocks to be described comprehend, on the one hand, granite, microgranulitic
rocks, and porphyritic felsites ; and, on the other hand, a widely-spread basic trap.
The normal granite, so far, has only been seen at one point, namely Amratpdr, near
RaniMgh. The microgranulitic rocks are well developed a little north of Amratpvir.
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also half a mile north-east of Bhuwali, and half a mile north of Khaima. Although
these latter rocks have not as yet been traced continously between these three points,
there seems no doubt that they are connected in reality, and that they indicate a line
of strike running about N.N.W.—S.S.E. This line also corresponds to a similar
strike indicated by the distribution of the extensive basic traps, which have their
,western boundary taking a course parallel to this. This boundary beginning near
Rinibdgh crosses the gap in the ridge at Bhuwali, through which the Ranikhet cartroad passes, thence to a little west of the Ratighdt inspection bungalow, and thence
cutting the Kosi river, some 2 or 3 miles west of Khaima.
The true order, as to age and superposition, of these rocks, as also of that of the
interbedded quartzites and slates, is nowhere clearly demonstrated. A Himalayan
section, especially of the older rocks, is never very clearly readable with regard to
this all-important question of superposition ; and in the present case the difficulty is
more than ordinarily great, and many details have still to be worked out. The
intense crushing to which the rocks have been subjected, and to which reference will
be made presently, has frequently rendered undecipherable what might otherwise
have been a clear section.
The following stratigraphical notes about the three localities and the intervening
country, may, however, be of some ultimate service when united with further observ
ations.
Amratpur, near Rdnibagh.—On the road from Ranibagh to Bhim Tdl, as it winds
along the north bank of the Gola river, are first seen evidences of these igneous and
associated rocks, in the form of blocks of granite, microgranulite, trap, quartzite and
slate from the hill-sides above. The granite alone, however, is found in situ by the
side of the road, as far as where it leaves the vicinity of the Gola river near Amrat
pur and turns away north. But a very beautiful section is laid bare in the side-stream
which descends from Bhim Tal to the Gola river. These rocks are in contact with the
Tertiary (Nahan) sandstone on the south, being divided from it by an east and west
reversed fault (main-boundary fault).
In my memoir above quoted, I have referred to this condition of things, and
shown that the case is simply one of old Himalayan igneous rocks brought into con
tact with the younger Nahan sandstone by the fault ; and not one of intrusion of the
igneous rocks among the Tertiaries. I think we may therefore start with that point
as granted, and proceed to what is known concerning the surface order of the igneous
rocks with which we are now concerned.
From the Balia N., near Ranibagh, to the stream from Bhim Tdl, although the
general line of the main-boundary can be traced pretty accurately, there are no very
good sections sufficiently free from surface accumulations to be worth describing.
The point to which I would direct attention is in the Gola river bed, east of the flat
cultivated village land of Amratptir, a very short distance south of the junction of the
Bhim Tal stream with the Gola river.
The first of the igneous rocks north of the Nahan sandstone, and separated by
about 20 yards of river gravel from it, is at the south end of a little line of cliffs,
which bound the Gola river on its right bank, for a short distance below the Bhim
Tal stream. It is a much crushed and distorted greenish rock, most probably a trap.
It is too much crushed and decomposed to make sure of this, no trustworthy speci
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men being obtainable. Vein quartz ramifies through it, and portions of the quartz
and also more stubborn portions of the trap, are converted into eyes, or lens-shaped
masses, by the crushing it has sustained.
There are only 10 or 12 yards of this exposure, which is followed by a black clay
or shale, perhaps one foot across.
These two rocks have evidently been so much powdered by pressure, and split
parallel to the main-boundary fault, i.e. east and west, that nothing more can be
made out concerning them. Their condition doubtless represents the mechanical
disturbance caused by the fold-faulting which produced the main-boundary. To
such a distance the influence of the Post-Nahan lateral pressure, which elevated the
zone of Nahan sandstones, was undoubtedly felt by the older rocks.
Next to the black clay band comes the granite. At first it is ratherO grey in
colour, but when traced north to the Bhim Tdl stream along the cliff exposure, it
becomes a purer white, in which felspar, quartz, and mica can be seen by the eye.
Beyond a certain amount of jointing parallel to the line of the main-boundary, there
is no trace of a fissile, schistose, or gneissose structure in this granite ; a fact which
the microscope confirms, as will be seen further on.
Continuing north up the Bhim Tdl stream, there is a continuous exposure of
naked rock, well preserved. The passage from the granite into a microgranulitic set
of rocks seems at first sight to be complete. Certainly, so far as the behaviour of
the two rocks to external agencies,—denudation, stream erosion, weathering, 4c.—
is an indication no difference can be detected. The two sets of rocks seem to be
united into one mass1f. Close work with the hammer, however, showed that there
was a line of division between the two, on the south side of which there was unmistakeable granite, and on the other side of which was a much more homogeneous and
darker rock—the microgranulite. This divisional line is a little north (| or
mile)
of the south end of the Bhim Tdl stream. Although I insist on the separation of tlIe
two rocks here, it seems very probable that they have a subterranean connection
somewhere.
The microgranulitic rocks continue up the stream for $ mile, when we come
upon a dark-green basic rock. In the field I was almost persuaded that there was
a passage up from the former into the latter. The microgranulitic rocks appeared
to get darker, and greener, and more homogeneous, until, without any great effort
of the imagination, they could be pictured as passing into the traps to the north.
The microscope has shown this to be fallacious. The whole series of rocks collect
ed, south of what is undoubtedly a basic trap, is entirely distinct, and shows no trace
of such a change as that.
The traps having set in, they continue the whole way up to Bhim Tdl, sometimes
strongly amygdaloidal, and sometimes interbedded with purple slates and hard
purple or white quartzite. Throughout this distance of about 4 miles their divisional
planes, which become a marked cleavage near the upper and lower surfaces of a
flow, have a general direction N.N.W.—S.S.E. with the dip E.N.E. This is also
conformed to by the amygdaloidal and compact beds, and by the interbedded purple
slates and quartzites.
If the granite in the Gola river be traced east in the direction of Amia village, it is
seen to gradually disappear against the main-boundary fault south of Amia in the
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river-bed, where there is a very good section of the microgranulitic rocks, almost in
contact with the Nahans. Both'the Nahans on one side, and the micro-granulitic
rocks on the other, are much cut up by divisional planes, and sinuous joints parallel
to the main-boundary, which give the rock a coarse lenticular-tabular appearance.
This complex series of divisional planes and joints may, in fact, be looked upon as
constituting in part the main-boundary fault; which need not always be a single cleancut fracture. These phenomena are only found in the immediate vicinity of the
fault. The intimate structure of the rock under the microscope does not seem to
have suffered in this way. It is not known exactly how far these microgranulitic
rocks extend in the direction up the Gola river, but they are at least present west of
Udhuan next the main-boundary, after which their place is gradually taken by the
basic traps, quartzites, &c.
In a westerly direction the granite is found \ mile N.N JL of the suspension
bridge at Ranibagh; the microgranulitic rocks also outcropping on the hillside
between that point and the trigonometrical station north-west of Amratpur. They
both, of course, come to an end a little east of the Balia ravine by the fault (horizon
tal displacement) which brings in the Nahans (see map of Sub-Himalaya, with
Memoir, G. S. I., vol. xxiv, pt. 2).
Bhuwali.—I will now describe such of these rocksOas appear at Bhuwali. Their
western neighbour, in this locality, is a great set of slightly agglomeratic slates—no
doubt a less energetic form of the rock, called elsewhere by me a volcanic breccia,
or ash— and a set of ordinary grey, carbonaceous, and purple slates, showing marked
cleavage, which is only sometimes concordant with the bedding, and is often at right
angles to it. These slates occupy large areas on the south-east and north approaches
to Naini Tal. As to this slate series, there is no doubt that it underlies the massive
limestone, which is a familiar feature at Naini Tal; the dip of the whole series be
tween Naini Tal and Bhuwali being about due west at 30°. But the difficulty arises
when we try to connect the volcanic series at Bhuwali with this agglomerate and
slate series. Besides, there are not wanting signs that the relation between the two
is that of discontinuity, either a break in time represented by an unconformability, or
a fault of some nature. It is certain that near Bhuwali bungalow (Mr. NewtonOs)
there is a complete change in the dip, introducing basic traps and quartzites, with a
N.N.W. strike &nd an E.N.E. dip. These rocks, much cleaved in the above direc
tion, hold the field all the way between the Bhuwali bungalow and Bhuwali village ;
and beyond that again they stretch over great areas E. and E.N.E. About J mile
north-east of Bhuwali village, on the road to Almora, there comes in some micro
granulitic rock.
It seems necessary to point out here that there is no visible connection be
tween the agglomeratic slate and the set of volcanic traps, and microgranulitic
rocks, notwithstanding that the former is certainly of derivative volcanic origin ;
for, in the first place, there are no interbeddings of the two rocks, and in the second
place, although in juxtaposition here, they are not so in any other part of the country
in which I have seen their respective representatives.
The cart-road connecting Bhuwali with Ratigh^t, during the first mile or so,
passes over quartzites which are very nearly horizontal, and which have apparently
dykes of trap cutting through them, but so very much crushed as to be unrecognis
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able. The dykes are thin, and appear to have suffered very considerably by the
nipping between the jaws of quartzite. Further on, the E.N.E. dip in the quartzite be
comes very high. A few mile's south of Ratighat, the traps set in with greater force,
and the quartzite with less. At Ratighdt the traps are cleaved with a north and south
strike, and a high dip of 6o° E. The dip in the associated quartzites is in the same
direction.
The traps and quartzites are abruptly cut off on the west by a grey slate series, in
which the dip is 6oc S.W.
From Ratighat to Khairna, the cart-road runs through these traps, exposing very
good sections of amygdaloidal and plain bands, with a north and south cleavage, and
a similar strike with dips to the east, which become E.N.E. near Khairna. The
last mile is through quartzite alone, dipping in the same direction.
Khairna.—The quartzite just referred to is of a pale purple, and sometimes
greenish colour, and often white. It is generally of rather coarse grain, and slightly
conglomeratic, the conglomerate being made up of large quartzite pebbles. Intrusive
dykes of trap, cutting through the quartzite in several places a little north of Khairna,
are exposed on the cart-road. As at Bhuwali, the traps in these thin dykes have suffer
ed very severely by nipping between the jaws of quartzite. Very occasionally the trap
forming the dyke sends off veins, anastomozing with the quartzite, and partially sur
rounding portions of it, like the various confluent streams of a river. Sometimes,
where the quartzite is conglomeratic, the dyke t1ap has worked its way between the
pebbles. In the Kosi river bed, near Khairna, there are large blocks of this conglo
merate. On first seeing it, a long time ago, I was struck by its resemblance to the
Lobah conglomerate but, not having then found it here in situ, I was puzzled as to
whence it came. The locating of it to what would appear to be a rather low hori
zon in this volcanic series, and near its western (probably faulted) boundary, is very
suggestive of the similar position of the Lobah conglomerate with regard to the vol
canic series of that part of the country.
Further on, when treating of the microscopical characters of the rocks of this
paper, it will be shown that the nature of the acidic and basic members of these
Tocks is very much akin to that of the acidic and basic series found at Lobah and
already described by me.
About \ mile north of Khairna, on the cart-road, these quartzites, conglomeratic
quartzites, and their trap dykes suddenly come to an end ; and there sets in a band
of rocks which are exactly similar to the microgranulitic rocks of Amratpdr and
Bhuwali, except that the matrix is slightly finer, and that they become intensely
fissile on their south-western border: that is to say, they have been cleaved,
with production of lenticular-tabular structure involving the porphyritic quartz and
felspar crystals. The centre of the band of these rocks is, however, unaffected by
the crushing, and in the hand specimen and in the field it very closely resembles the
rock near Amratpdr and Bhuwali.
If, instead of going north from Khairna, we take the road along the Kosi river, up
stream, we shall, at the appropriate place, according with the N.N.W. strike, come
once more upon a very much cleaved representative of these microgranulitic rocks.
We shall also find that the general dip of the rocks is still E.N.E., as shown by the
1 See Records, G. S. of I., vol. xx, p. 162.
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bedding of the quartzite, by the cleavage of the rocks, which generally conforms to
it, though not always, and by the inter-bedding of the various kinds of rocks with one
another. In addition,"we shall find more quartzites, apparently superposed on the
microgranulitic rocks, above which then come basic traps and more quartzites.
These stratigraphical notes, I am well aware, are wanting in precision in many
points, as compared with the ideal descriptions entertained by me at the beginning
of these sections on the crystalline and metamorphic rocks of this region ; but I hope
ultimately to clear up many doubtful points. At present, it is well merely to keep
in our minds the following facts and lines of conjecture :—
(1) That these acidic and basic series, herein described, are equivalents of the
acidic and basic series described in sections II and III near Lobah, and north and
north-east of the Dudatoli area, I have no doubt. For, although there are no pure
microfelsitic rocks here, as in the Lobah area, the porphyritic microgranulitic rocks,
and porphyritic felsites have a very close representative in the rock described (sec
tion II) from near Marwara (specimen No. ttt), an^ are undoubtedly connected
with other rocks from near the same place. These latter have not yet been de
scribed by me. In the field they gave me much food for thought, because of their
general likeness to the gneissose-granite of the Dudatoli area. There was a differ
ence, however, which was very noticeable at the time : they were much more com
pact as to their matrix, and thinner bedded. Two specimens, one from 1 mile
south-west of Khainoli (No. -rfs), one from \ mile east of Jingora (No. ■•ns), have,
however, been sliced ; and under the microscope they showa somewhat scant micro
granulitic or felsitic matrix, in which are very much corroded, singly twinned orthoclase eyes, and quartz granules. Both specimens appear to have suffered mechani
cal deformation, and become foliated, so that they bear a very great resemblance to
the gneissose-granite of the neighbouring Dudatoli mountain. Associated, as they
are, with a series of quartzites, quartz-schists, schistose slates, and beds of basic trap,
which I consider to be younger than the Dudatoli micaceous and garnetiferous
schists, for reasons before stated, it is very possible that they represent with the
Marwara rock an acidic rock half-way between the gneissose-granite, on the one
hand, and the microfelsitic, or rhyolitic rocks of Lobah on the other.
Briefly stated, the reasons in favour of the correlation of the Lobah volcanic rocks
with these of Khairna, Bhuwali and Amratpur, are the following : —
(a) Similarity of composition.
(5) The dual order of an acidic and basic series.
(f) The correspondence in strike, both of bedding planes, and cleavage or
foliation planes.
(d) The presence of associated quartzites and slates, the former bearing a
coarse conglomerate.
(e) A sharp-faulted boundary on the west, separating these volcanic rocks
from others which have a dissimilar strike and method of disturbance,
(a) Accepting this local correlation as having many points in its favour, we have
to bear in mind the fact that in the Lobah area these rocks overlie, with a great unconformability and attendant quartzite conglomerate, a dark, blue-grey, massive lime
stone. That this can be nothing else than a normal order of superposition seems
proved by the fact that the massive limestone appears beneath these volcanic rocks
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as a dome of outcrop, not more in places than half a mile across. The question then
arises, Is this massive limestone the same as the Naini Tdl massive limestone, with
which it agrees petrologically ? In the Lobah area, only a short thickness of the
limestone is exposed, and none of the lower beds. But what is palpably a conti
nuation of that limestone, on the Dhanpt'ir ridge, has underlying it a slate series,
ed by purple colouring in places, and in all ways agreeing with that underlying
the Naini Tdl limestone. In addition, the volcanic breccia is also represented near
Dhanpur, associated with these slates.
There are certain points, therefore, strongly supporting the theory of the oneness
of these two limestones ; and that, therefore, the set of volcanic rocks described in
this paper belong normally to a position above the Naini Tdl limestone.
(3) Opposed to this view is the opinion of Mr. R. D. Oldham, that in other parts
of the Himalaya there are two distinct massive limestone series, alike petrologically,
but of distinct age and horizon ; the lower being called the Deoban limestone, and
the upper the Krol.
In view of the local nature of these penological studies of the Lower Himalaya,
I hope I may be pardoned for leaving the matter in this tentative stage.
I shall now describe an illustrative series of specimens from the localities men
tioned in the sub-heading ; the numbers, as in previous papers, being generally those
of the rocks as registered in the Geological Survey Museum.
No. ,jf-y. South edge ofplutonic band, east of Amratpur, Gola river.—This rock in
the hand is a grey, coarsely crystalline rock. Under the microscope it is seen to be
a coarsely crystalline granite, containing orthoclase, quartz, and white mica, all group
ed in their normal order, and in the method of crystallisation familiar in all granites.
The felspar is often present as regular, singly-twinned crystals, from which its
species can be determined as orthoclase ; but more often it is partially or entirely
divided up into portions which behave optically as a felspar, and which are separated,
or surrounded, by a finely granular aggregate. This finely-granular aggregate often
winds its way along cleavage cracks in the felspar, and appears due to some hydrochemical alteration. In some of the microgranulitic rocks to follow, nearly all the
porphyritic felspars have been thus altered, though retaining unaltered their crystallo
graphy outline. Under polarised light the effect is generally that of a fine aggre
gate, among which, points showing brilliant colours may be secondary cryptocrystalline mica.
The quartz is in large irregular grains filling in cavities between the other
minerals. It is full of lines of minute inclusions, which give it a streaky, dusty, ap
pearance. With a one-eighth inch objective their nature remained unsolved.
The white mica is present in small quantities, with slightly bent folia.
Magnetite is almost entirely absent, there being but a few specks, chiefly aggre
gated or included with the mica.
There is no trace of foliation in the rock, nor violent cataclastic action ; although
the specimen was taken not more than 30 yards from the main-boundary fault.
No. ,jrf^-. funct1on of Bhim Tdl stream with the Gola r1ver.—In the hand this is
seen to be a very good, normal, white granite, without any gneissose aspect whatever,
nor any appearance suggesting that differential motion of the particles of the rock
over one another due to pressure, or other causes, had ever taken place. As an excel
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lent ornamental stone, I wonder that it has never been quarried, especially consider
ing its proximity to the rail.
Under the microscope the coarsely granitic texture and composition of the rock
is confirmed.
The felspar is much altered, as in the last specimen, but into a yellowish-brown
material, dusty in appearance, or finely granular, among which portions of the origi
nal unaltered felspars can be seen, especially in certain parts of the slice. In other
parts, all trace of the original felspar has gone, leaving only the alteration product,
which however indicates its real nature by polarising uniformly as a single crystal.
This, however, is sometimes very faint. There are, in fact, all gradations, from a
fairly well preserved felspar to one entirely unrecognisable either by ordinary or
polarised light.
Most of the felspar is orthoclase, but a few examples of the triclinic group are
present, exhibiting, through the grey alteration product, a true and very fine lamellar
twinning. The species could not be determined.
The quartz, as in the last slice, is in large, bold, irregular grains, traversed by
lines of cavities of very minute dimensions.
White and greenish-brown mica are present, with the prominent basal cleavages
oriented in all directions, and grouped together.
Magnetite is as scarce as in the other specimen, but is aggregated more freely
in the biotite.
No. six. Half mile N.N. E. of Ranibagh.—ln the hand this specimen might
be either a granite, gneiss, or arkose. Under the microscope it is seen to be a
granite, coarse in grain, and much of the type of the two preceding examples, with,
however, one difference. There is more of the coloured mica, which is of a strongly
greenish-brown tint ; and it seems to have suffered a secondary change, whereby the
substance of one crystalline packet has been carried and re-deposited along cracks
running through and between the quartz and felspar. This is very noticeable all
through the slice. These canals of secondary mica are known by their colour and
connections with the well-cleaved packets ; for otherwise they have no definite crys
talline properties.
A few scattered prisms of apatite can be detected with high powers.
No. ^f-j. A UtIle north ofjunction ofBhim Tdl stream with the Gola river.—This
rock, as already explained, is apparently united into one massif with the granite 10
the south, although close work in the field served to separate the two by a fairly
sharp boundary. In the hand it is seen to be darker in colour than the granite, and
more hazy as to the contained minerals.
A slice under the microscope shows this difference to be due to the fact that the
present rock is a porphyritic one, with a microgranulitic ground-mass. The porphyritic constituents, however, are identical with those in the granite, with the ex
ception that white mica is not represented.
The felspar crystals, with fairly rectilinear outlines, and floating, as it were, in this
microgranulitic matrix, are extremely opaque, and could scarcely be recognised
here were it not for the analogy of other slices. There is no doubt, however, that
they are highly altered felspar and mainly orthoclase. Sometimes faint remnants of
cleavage can be detected in them, but not often.
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The porphyritic quartz has suffered considerably by corrosion at the edges and
along cracks, so that it presents a worn boundary with numerous bays and included
portions of the microgranulitic ground-mass. Evidently it was solid and crystalline,
whilst the matrix was still molten. The internal structure of the quartz (lines of
cavities, &c.) is the same as that of the granite.
A greenish mineral in ragged blotches, sometimes with a nucleus of undoubted
biotite, lies in irregular nests among the ground-mass.
Portions of it, and minute grains of magnetite, are dotted about in the microgra
nulitic ground-mass, which in coarseness lies between a fine-grained elvan and a
felsite. I think there can be no doubt that this rock is an intermediate form
between the granite and a purely felsitic or rhyolitic rock.
A few cracks in the porphyritic elements carry with them very occasional dis
placement, but not more than need be satisfied by slight motion in a semi-solid rock
substance.
No. jfy. Bhim Tdl stream \ milefrom junction with Gola river.—A dark, pur
plish-grey, mottled rock. Microscopically it shows little variation from the last de
scribed. It is a microgranulitic rock, with porphyritic felspar and quartz, and with
nests of mica. Some of the porphyritic felspars retain their cleavages, and power of
polarising light, to a rather more marked extent, and sufficient to enable the species
to be recognised as crthoclase. Generally, however, it has the prevalent, dusty, opaque
appearance, the result of alteration. The boundaries of the felspar are much cor
roded away in places, as are those of the quartz. The latter, besides, possess inlets
and large inclusions of the microgranulitic ground-mass.
Apatite, in minute prisms, is present in the ground-mass, and also included in the
felspars.
The purplish colour of the rock is due to some of the quartz being amethyst
ine.
Dotted in the micro-granulitic matrix are specks of magnetite, and, as it were,
shreds of greenish-brown mica, which, though minute, frequently exhibit dichroism
and their proper cleavage.
No. ^fy. A little north of the last specimen.— Resembles the foregoing macroand microscopically. The porphyritic felspars are darker and dustier ; the magne
tite is in larger blotches, with sharp boundaries ; apatite is present ; and the mica is
yellowish-brown in colour, and strongly impregnates the ground-mass in minute but
well-recognisable patches. There are also some larger packets of it, whilst some of
the nests are filled, not with a single large packet, but with a great number of small
ones oriented in all directions. The ground-mass in the vicinity is riddled and pene
trated in all directions by this microcrystalline mica.
No. jfj. Three-fourths of a mile E.N.E. of Ranibagh on the Bhim Tdl road.—
This is very similar to the last. The mica is, if anything, slightly better preserved.
The felspar is in very good shapes, often twinned. A peculiarity (depicted fig. I,
plate I) of some of these is, that, though the outline of the crystal is very sharp, only
the central portion, or the central portion of a twinned half, is left pellucid and opti
cally perfect with regard to polarised light, the rest of the crystal having suffered
alteration to the fullest extent.
No.
Bhim Tdl stream \ mile from Gola river, and No. ,J J, A little further
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north.—These two resemble the other members of this microgranulitic group ; ex
cept that in the former the mica is in more confined crystallised forms, and of bright
prass green colour; and that in the latter the felspars are pale grey and mottled,
and entirely inactive under crossed nicols.
No.
Bhim Tal stream \ mile from Gola river.—This rock differs in some
ways from what have gone before. The ground-mass is much the same generally,
but fine in grain, and almost felsitic rather than microgranulitic. The porphyritic
elements in it have suffered more by corrosion in the magma than heretofore. Even
the felspars have almost entirely lost their natural crystallographic outlines, and be
come bounded by sinuous lines, and with numerous inb1yings ot the ground-massThe substance of the felspars has also become more hopelessly alte1ed, so that in
not one of them can there be traced the slightest uniform darkening when the slice is
revolved under crossed nicols.
The green mineral is of pale colour, and in restricted patches ; but without any
cleavage, or action, under polarised light. Blotches of magnetite, of large dimen
sions, are present in the green mineral.
To the north of this specimen the basic traps set in suddenly, as already men
tioned ; but I shall now pass on to the acidic rocks of the other localities, taking all
the basic rocks together at the end.
No.
South bank of Gola river opposite Amia village, 20 yards from mainboundary.—This rock is dark grey in colour, and penetrated by lighter-coloured
felspathic veins. It is introduced here, as being in close proximity to the mainooundary. Under the microscope the rock is best represented by No.
de cribed previously. The points noticeable in it are that, although so near the main
boundary fault, and although the rock in the field is cut through by sinuous joints
:u1d lines of displacement parallel to the junction of it with the Nahan sandstone ;
still, beyond a few slightly parallel cracks in the slice along which the mica has
been carried and re-deposited, there are no other signs of violent cataclastic action.
In fig. 2, Plate I, I have sketched a corroded quartz granule from the rock. The
bays and capes, so manifest in that quartz island, show no abrasion nor destruction
later than that due to the corrosive action of the molten magma. The porphyr
itic felspars in the same way, though much corroded, and their outline gone,
have never been crushed in situ by any violent cataclastic action.
No. yIq. North bend of Gola river between Amia and Jamirani, also near the
main-boundary.—This is very similar to the above. In fig. 3, plate I, I have drawn
a quartz, which possesses an outline of tempting corners, and angles that would
certainly have been carried away by any severe dynamic crushing. A few parallel
cracks occur, however, in the rock, as in
The bearing of the facts noted about the last two specimens needs a little expla
nation. The point which I have tried to make is that, though these granitic and
microgranulitic rocks have been slightly crushed and jointed in the neighbourhood
of the main-boundary fault, they have not suffered a rearrangement of their particles
at any one or other position in the band of igneous rocks so far described : there are
neither cleavage, schistose, nor violent cataclastic structures to be found in them.
We shall therefore be prepared, when we subsequently find these structures developed
elsewhere in simi lar rocks, to accept them as the result of other forces totally
i)
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distinct from those which produced the main-boundary fault, or which subsequently
acted on the Himalayan area.
1 will now take next in order the band of microgranulitic rocks \ mile north of
Khairna, skipping the Bhuwali rock for the present, as it exhibits effects of consider
able crushing. The Khairna band also exhibits intense crushing through much of
its thickness, but near the centre there is a comparatively massive variety, more
nearly resembling the rocks in the Bhim Tal stream than any of the others. Taking
that for description first, it will be easy to pass by stages to the fully crushed and
foliated varieties.
No.
Near centre of band % mile north of Khairna.— In the hand it appears
mottled in various shades of greenish-grey, and contains large grains of felspar and
quartz, some slightly eye-shaped . There is no sign of a fissile structure about it.
Under the microscope the ground-mass closely resembles that of
It is
rather finer than a typical microgranulitic rock, resembling rather a felsitic or
petrosiliceous rock.
The porphyritic felspars are not very well preserved, either as to their material or
their outlines. Sometimes a central part of a broken crystal behaves optically as a
felspar of the orthoclase species, whilst one example showed distinct twinning lamellae.
As a rule, the felspars have been fissured in a wavy parallel direction, and slight
movement has followed, resulting in the partial aspect of eye or augen structure.
The quartzes are much more intact, though corroded to a great extent and some
times slightly fissured.
The greenish mineral is not recognisable as mica, though doubtless that was its
Bpecies originally. It runs about through fissures in strings, with a moss-agate-like
aspect, and is sometimes aggregated into nests and associated with rather large
grains of magnetite. It and the magnetite are rather more plentiful than in the pre
viously described specimens.
No -j-f-j. From near the same locality.— Macroscopically it resembles the last
specimen. Under the microscope the ground-mass is finer and darker, almost typi
cally felsitic, with traces of flow structure. The felspars are somewhat better pre
served, two of which in the slice are triclinia All, however, are altered marginally,
centrally, or irregularly at one point or another. One triclinic felspar, with broad
lamellae, had the latter bent as in the drawing (fig. 4, plate I). The quartz in large
porphyritic grains, and other smaller ones, is typically that of a quartz felsite, though
the crystallographic outlines are not preserved. In fig. 5, plate I, I have sketched
a portion of one large grain with small inclusions, or inbayings of the ground-mass.
The green mineral is confined to nests, and strays about the rock to a rather less
degree than in the last specimen.
Magnetite, as before, is associated with it in rather large grains.
No. (30). 609. 1 Three-fourths of a mile north ofKhairna.—It completely resem
bles either of the foregoing two specimens. There are no unaltered felspars, and
the quartzes are much the same. The ground-mass is rather clearer and coarser.
Apatite is present, but very scarce.
No. -j!^. About \ mile north of Khairna.—In the hand this rock exhibits lenti1 The numbers in this case and similar cases, where the reck has not been registered, are
my own running number (in brackets) followed by the number of the microscope slide.
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cular-tabular foliation on a rather small scale. It is of pale, greenish, and mottled
colours. Under the microscope the above structure is confirmed. The greenish
mineral lies along the foliation planes, cutting through the ground-mass. The latter
is very fine grained in parts, but shows a mottling of patches fading into one another,
which suggest remnants of broken felspars.
All the larger felspars show a drawn-out, bent, or eye-ihaped aspect ; and they
merge indistinctly into the ground-mass. Individually, also, they are cut through
and through by wavy lines, parallel to the foliation, and helping to constitute it. The
quartz granules are more intact, but they are surrounded by a halo of quartzose
powder, which, seen under crossed nicols, gradually merges them into the matrix
(see fig. 6, plate I).
I should say this rock was undoubtedly a porphyritic, microgranulitic, or felsitic
rock, which had been finely foliated by pressure, with production of well-marked len
ticular-tabular structure.
No. 3§T. South edge of band -J mile north of Khairna.—In the hand this rock is
rather soapy to the touch, and it is evidently more finely cleaved than the previous
rock. Under the microscope this is borne out by the very fine lenticular-tabular
foliation, which cuts up the rock in parallel sinuous lines, and by the crushed and
drawn-out extremities of the quartz grains (see fig. 7, plate I). The latter are small,
and there are no porphyritic felspars visible. Certain indications point to the pro
bability that the latter have been entirely lost and mixed with the ground-mass by
the crushing which the rock has sustained. Magnetite is drawn out into shreds.
No. j-j,. Same locality as the last.—Very similar to the last, the fissile structure
being well marked, and the drawing out of the quartz-grains and magnetite most
prominent (see figs. 8 and 9, plate I).
No. yfy. Near same locality as the last.— In the hand a fairly well marked cleav
age is present, with prominent eyes of quartz, dark grey in colour. This slice, seen
under the microscope, possesses a fine grey matrix, cut through and through by wavy
foliation lines. The porphyritic elements are quartz and felspar, both of which are
broken up into fragments, which are visibly displaced until they merge into the
matrix. The quartz, however, has not suffered so much as the felspar. The latter
indeed, crossed and re-crossed at small angles by lines of movement, has become
very much dispersed among the matrix, such tftat a little more crushing would have
made it vanish as a separate entity, and given the rock the appearance of the last
two slices.
No. (34) 613. \ mile N.E. of Bhuwali village.—Outwardly this rock resembles
No.
very closely. It is very pale green in colour, the foliation being visible.
Under the microscope, or when the slice is merely looked at through a hand
lens, it can be seen to be a rock typically foliated on the lenticular-tabular pattern.
Nearly all the felspars in the rock have lost their proper shape, and become dragged
out into elongated lenticular bodies, by the layers into which they have split stepping
over one another as if by a series of nearly horizontal step-faults. The quartz has
not suffered so much ; and it seems to be a rule that when any remnants of felspars
remain in these rocks, a less energetic crushing is indicated, not quite sufficient to
have pounded up the harder free quartz. In the drawing (fig. 1, plate II) is indi
cated the mode of disturbance of the felspars in this rock.
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A large quantity of the green mineral follows the foliation in an irregular, wavy
manner. Magnetite is rather plentiful in the slice, in large grains, more or less
aggregated together, and smudged out with the foliation.
No. (35)614 and No. (37) 616. From the same locality as the preceding slice.—
Outwardly these two rocks have much the appearance of No. yf.p from Khairna,
that is to say, they are more massive, and show but slight lenticular-tabular foliation.
Under the microscope the rock is seen to be cut through by a few divisional planes,
but they are not so closely packed together as in the last specimen. Veins of
secondary quartz run along with the green mineral, parallel to the foliation.
Some few felspars which are visible, are slightly broken in situ, but have not
been displaced to any extent.
The quartzes are not quite so whole as before, nor of one uniform crystal, but
are a coarse polysynthetic aggregation, especially in (35). In (37) considerable
disruption of the quartz and felspar grains is noticeable, but they have not been
dragged out into lens-shaped bodies.
In other respects the rock slices resemble No. 3§T very closely.
It will be noticed that throughout the foregoing foliated and cleaved varieties of
the micro-granulitic and micro-felsitic rocks, I have asssumed that pressure was the
cause of the fissile structure. In a certain measure the structure has undoubtedly
the appearance of flow structure (in one sense it is indeed flow structure, but such
as has been demonstrated to take place in solids when subjected to sufficiently
violent pressure), but it seems to me to differ radically from what is known ordinarily
as flow structure in a volcanic rock, in this respect. All rocks that I have seen
exhibiting flow structure (due to their once molten condition) never show any suscepti
bility to split along the direction of flow ; or, vice versa, a rock may be perfectly
compact to the eye and touch, and yet possess a marked flow structure within. Now,
in all the cases I have enumerated above from the Khairna and Bhuwali neighbour
hoods, either the particles of the rock are discontinuously separated along the planes
division, or they are potentially separated, and may be made actually so, by (for
instance) a blow from a hammer.
It would also be a stretch of the imagination to believe that such shattering of
the quartzes and felspars as I have depicted could have been produced by a force
transmitted through a semi-solid or molten medium.
Besides this, in my previous paper (section HI) on the crystalline and metamorphic rocks of the Lower Himalaya, I have shown, by a different line of reasoning
which need not be repeated here, that all the fissile structures of the rocks therein
described have been produced since the solidification of the rock, and that therefore
they were not produced by differential movements of the particles whilst in a molten
or viscid state.
Leaving the acidic series and coming to the basic traps, I shall confine myself to
a few examples.
No. ^gy. Bhim Till stream, \mile north of Gola river.—This rock in the field
comes next to the microgranulitic rocks, and, as stated above, is really entirely
distinct from them. It is a dark-green finely crystalline rock, viewed macroscopically.
Under the microscope it is seen to be a completely holo-crystalline aggregate of
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triclinic felspar and augite, with a little hornblende, and with a small amount of quartz
filling the interspaces, and magnetite in large, sharply-bounded forms The felspar
and augite are in large crystals which mutually interfere with one another, forming a
coarse-grained felt-work of gabbro-like texture.
The felspars are very much altered into a grey dusty-looking substance, which
prevents their having any effect on polarised light. Only by their lath-shaped forms,
their mode of aggregation, and their associations can they be deemed to be triclinic.
The augite is of very pale yellowish brown, almost colourless tints, frequently
singly twinned. The cleavage cracks are exceedingly well marked, and in many
instances a diallage cleavage is superadded of fairly intense character, but not
sufficiently so to make the mineral merit the name of diallage. Here and there in
the slice a greenish-brown dichroic mineral is seen, with, in one place, the prismatic
cleavages of hornblende. It is inseparable from the augite, and fades into it by
transition tints, so that there is little doubt that it was originally derived from the
augite.
The habit of the quartz indicates its secondary origin as an alteration of the fel
spars. The presence of a connecting train of smaller granules uniting it with a quartzpegmatoid structure occupying a felspar shape also points to the same conclusion.
This rock, in structure and composition, is so like the Limeri rock1 near. Rudarpraeg (No. riv)< l^at tnev Blight pass for one another. The Naini Tdl trap (to be
described in a subsequent paper) is also very similar.
No. (38) 617. Three miles south of Bhim Tdl, on the Ranibagh road.—This
rock outwardly resembles any of the Rudarpraeg traps described in the paper last
referred to. It is a micro-crystalline aggregate of triclinic felspar needles, and
bundles of needles, together with a greenish-brown mineral altered beyond recogni
tion. In addition, there are lacunae filled with viridite, and sometimes large
amygdules filled with the same ; also opacite in small specks and rods. The felspar
is oligoclase, judging by the extinction angles ot the microlites.
There may be a small amount of uncrystallised base remaining, but it is im
possible to pick it out from the altered green mineral.
There seems no doubt that this was once a lava flow.
No. (33) 612. Little north of Bhuwali.— A. fine-grained, dark-green rock.
Under the microscope it is rather coarser in grain than the last, but appears to be
constituted of the same elements, and needs no separate description. It appears to
have been greatly altered. The felspar, being somewhat larger than before, has
suffered slight alteration, so that the polarisation phenomena are weaker : a similar
peculiarity was noticed among the felspars of the Rudarpraeg neighbourhood.
A very faint cleavage is recognisable, with slight parallelism of the felspar microcrystals.
No. (39) 618. South of Malwa Tal, \ mile.—This rock is petrologically a
cleaved variety of jfT. It is introduced here somewhat out of place, because of its
illustrating the same sort of crushing which has affected the microgranulitic rocks.
The quartz and the felspar are dragged out into lenticular bands, and somewhat
mixed one with the other ; but the augite, with its typical cleavages, shows better than
anything else, by the elongated lenticular bands into which it has been forced, how
1 Records, G. S. of I., vol. xxi, p. 18.
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powerful was the force that, as it were, rolled out the crystalline contents of the rock,
like the separate layers of puff-pastry (see fig. 2, plate II).
In Section III of these petrological studies I have given so many examples of
the cleaving and foliation of the more compact and amygdaloidal varieties of the basic
traps that the previous example of a holo-crystalline basic rock having suffered the
same, is sufficient in this place.

Plate I, fig.
„
„
„
„
„
„

„

Plate II, „

1,

„

REFERENCES TO PLATES.
1. Altered crystal of orthoclase, with unaltered central portion, from
a slice of specimen No. .gfg-, as seen in ordinary light.
2. Corroded quartz in micro-granulitic ground-mass, from a slice of
specimen No.
seen under crossed nicols.
3. Corroded quartz grains in micro-granulitic ground-mass, speci
men No.
under crossed nicols.
'
4. Triclinic felspar, with bent lamellae, in micro-felsitic ground-mass,
specimen No.
under crossed nicols.
5. Edge of quartz grain, showing effects of corrosion by the magma,
specimen No. ^4r, under crossed nicols.
6. Quartz grain, with powdered margin, in foliated micro-granulitic
ground-mass, specimen No.
under crossed nicols.
7. Quartz grain, with powdered and drawn out extremity in highly
cleaved micro-felsitic ground-mass, specimen No. ?%r, under
crossed nicols.
8 & 9. Further examples of broken, and drawn-out quartz grains, and
magnetite in shreds, in highly cleaved micro-felsitic groundmass, specimen No. 7£T, under crossed nicols.
i. Example of lenticular- tabular foliation cutting through, and
altering the contours of porphyritic felspars in a slightly cleaved
micro-granulitic ground-mass, microscope slide No. (34) 613,
in ordinary light.
2. Example of lenticular-tabular foliation in a holo-crystalline basic
rock, microscope slide No. (39) 618, in ordinary light.

Note on the Bivalves of the Olive-group, Salt-range ; by Oberbergrath
Prof. Dr. W. WAAGEN.
When I came first to the Salt-range in 1871, the sequence of the beds exposed
in this region had been made out in a satisfactory manner by Mr. Wynne, according
to the data then available, and though in consequence of later discoveries some
changes were unavoidable with regard to Mr. Wynne's original views, yet for the time
Mr. Wynne's work was the best that had been executed up to then on the Salt-range.
This is the best testimonial that can be attributed to a scientific work, as it cannot

GEOLOGICAL SUSVh1O OF ISAIA.

C. S. Middlemisa.

Records, Vol. XXIII.

Plate I.

Photo collotype. Survey of IuJUi. Otficw, Calcutta, January ISdQ.

O( .
f ,
::

Z ,:;

GEOLOGICAL SURVEY OF INDIA.

fbcto-coUotypo, Survey of India Offlcei, Calcutta, January 1800.

■V ■:

PART I.]

WAAGEN : Bivalves of the Olive-group.

39

be expected of a man to anticipate everything that during further studies of eighteen
years may be discovered. All human knowledge is attained by degrees, and thus
every scientific work can only be expected to be absolutely correct for the time at
which it is written, and any author cannot be blamed for not having discovered
everything at once, because time is a very great factor in the human power of per
ception.1
At the time of which I am writing, Mr. Wynne had, among other rock groups,
also distinguished one to which he had given the name " Olive-group" on account of
the prevalence of olive-coloured sandstones within this group at certain parts of the
range. Fossils were but very little known to exist in this group, except a few bi
valves of uncertain affinities.
In the first excursions I made with Mr. Wynne to the range, we soon found that
the beds in which Terebratula flemingi, Dav., occurred belonged to this Olivegroup, and this furnished the first clue towards considering these beds as upper
mesozoic, probably upper cretaceous. The large bivalves that had formerly been
found at other localities by Mr. Wynne appeared not contradictory to such a suppo
sition, as on a superficial inspection they showed forms much resembling the Species
of Unio found in certain mesozoic beds (Laramie and Jurassic) in North America.
So, I myself suggested to Mr. Wynne, on the strength of the data then available, that
the Olive-group might perhaps best be considered as topmost cretaceous, and this
suggestion was published by Mr. Wynne in his Salt-range Report.
When the Salt-range materials came afterwards into my hands for description, it
was absolutely impossible to work up all the materials at once ; hence I had to divide
them according to the different volumes into which I had proposed to divide the
whole work : thus the Olive-group bivalves came among the lot that was des
tined to be described in vol. iii, and were packed away without any close examina
tion.
*
In 1885, however, Dr. Warth made a most important discovery in the Salt-range,
which was apt to suggest another view to betaken with regard to the Olive -group.
He found in the boulder beds at the base of the group a nunrber of nodules, as
well as pebbles, in which palaeozoic fossils were contained; and I myself have shown,
in vol. xix of the Records, that these fossils exhibited a great affinity to Australian
carboniferous species.
The green sandstones in which the bivalves occur, and which follow immedi
ately above the boulder bed, I considered yet of probably mesozoic age ; whilst
others, before all Mr. Wynne, took also the boulder beds as of a similar age, because
the " Conularia-pebbles " were considered by 'them as in a secondary position, and
not fit to determine the age of the bed in which they were found.
1 Dr. Waagen seems unable to divest himself of the idea that he must needs be Mr.
Wynne's apologist. There can be little doubt that Mr. Wynne is quite willing to admit that
subsequent research has and must continue to alter or otherwise effect some of the conclusions
given in his Memoir on the Salt-range. The recent discoveries tell somewhat against each
author in his own line of work, but the facts remain, and on these the geology of the range
must rest, not on apologia. Certainly, Mr. Wynne's work or writings have little, if any, direct
bearing on the main point of the present paper which is really the story of the working out and
recognition of the bivalves which have so long baffled Dr. Waagen's research.—Ed.
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Dr. Warth, however, was of a different opinion. In a paper published in vol. xx
of the Records. he not only identified the boulder bed of the Olive-group with similar
beds at the base of the Speckled Sandstone in the western parts of the range, as had
been done formerly also by myself; but he also put the green sandstones with the
bivalves on a parallel with green sandstone beds of the Speckled Sandstone, and
yet higher following red sandstones, with similar rocks of the same western group.
With this paper of Dr. Warth's, the whole question was put in a new light, and
I now proceeded to inspect those bivalves, which all of a sudden appeared as of the
greatest geological importance.
After seeing these specimens again after so many years had elapsed, I was again
struck by the similarity they exhibited to an inflated species of Unto. In none of
the specimens was the hinge visible, and the material was of the brittlest kind
imaginable, the rocks being generally considerably harder than the specimens.
For nearly a year I tried every method imaginable to arrive at a clear view of
the hinge, but for a long time quite in vain. At last I succeeded in cleaning the
greater part of the hinge of both valves, and now the very strange result came to
light that there existed no similarity whatever to Unto or any allied genus, but that
the shells had to be rather approached to Afy/iius, Avicula, or something of that
kind, though the affinity still seemed to be a very doubtful and conflicting one.
I looked up all kinds of manuals and all sorts of books, without finding any
thing similar, except, perhaps, the genus Modiomorpha of Hall, but also here a very
remote similarity only existed. At last I took the shells to Vienna, and showed them
to everybody there, but without a better result.
After this I put them aside, disgusted, hoping that in the futt1re the riddle might
be solved, and began to write down the description of the contents of the Conularia
nodules for vol. 1v of the Salt-range fossils. For this purpose I got also Strzelecki's
Physical Description of New South Wales to hand, and there all of a sudden I found
a shell figured under the name of Eurydesma which was extremely similar to the
Salt-range bivalves. The genus, I now found, was mentioned in all Hand-books, but,
according to Dr. StoliczkaOs views, was placed generally in the family Tridaenida,
whilst all my observations on these shells pointed to a relation with the AvicuHdct.
After the spell had thus been broken, it was not difficult to follow the clue
obtained; further, I now soon found that one of the species occurring in- the Saltrange could be identified with all possible certainty with Eurydesma globosum,
Dana, from Illawara, and this is an identification of such geological importance that
I thought it worthy of giving a notice of it in the Records.
Now at last we know for certain that Dr. Warth's views in the matter were
correct, and that the green sandstones, with bivalves, that formerly had been attri
buted to the Olive group, form in reality part of the carboniferous period. There is
now also no need for further discussion about the question, whether the Conularia
nodules were found in situ or not, as the Conularia occur either (in most cases)
in a lower position than the bivalves, or (exceptionally) they are to be met with in
thin seams between the beds of bivalve sandstone. The Conularia nodules, as well
as the bivalve sandstones, both have now been found to contain species identical
with such of the Australian carbonifeous ; and with regard to the latter there has never
existed the slightest doubt as to their occurring in si/u;
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I accept therefore the sub divisions of the Speckled Sandstone, as proposed
by Dr. Warth, and the sequence of beds within this rock group is now the follow
ing:—
(6), Green and dark sandstones, with some limestone bands (Lower Productus
Limestone).
(5), Red and purple clays (Lavender clays).
(4), Red sandstones (Speckled Sandstone properly speaking).
(3), Green sandstones.
(2), Darker shales.
(1), Crystalline-boulder conglomerate.
It can now no longer be doubted that the boulder-beds throughout the Salt-range
belong to one and the same geological horizon, and are of upper carboniferous age ;
as in the eastern parts of the range their geological position can be demonstrated
by the identity of the fossils with Australian carboniferous species, and in the western
parts by their sequence below permian and uppermost carboniferous strata.
From the beginning, 1 have compared these boulder-beds with those of the
Talchirs of peninsular India, but now that it has been proved that the green sand
stones above belong to the same group of rocks, and that both rest unconform
able on Cambrian beds, which, with some probability, can be put on a parallel with
the Vindhyans of peninsular India ; the points of similarity have augmented to such a
degree that even sceptic minds will admit that the divisions 1, 2 and 3 of the
Speckled Sandstone will probably have to be placed on a level with the Talchirs.
To this comes yet another point of importance. Now that it has been proved that
the Australian carboniferous species occurring in the Salt-range are in situ, and not in
a secondary position ; the identity of the Australian and the Salt-range strata contain
ing the same species cannot be doubted any longer. In Australia, glacial deposits
have been detected in these beds by Mr. R. D. Oldham ; and for this reason they
were also placed on a level with the Talchirs.
Thus, from all sides come in proofs for the identity of the lower part of the
Speckled Sandstone with the Talchirs ; and in such a manner a distinct horizon is
fixed, from which to start for the comparison of other beds of peninsular India with
the marine deposits of the Salt-range.

Notes on the Mudbanks of the Travancore Coast, by Philip Lake, B.A.,
Geological Survey of India.—(With one plate.)
The mudbanks, or smooth-water anchorages, of Alleppy and Narrakal on the
Travancore-Cochin coast, have been known for many years, and much has been
written about them. A very full account of the literature of the subject has been
given by Dr. King, in the Records of the Geological Survey of India (vol. xvii, pp.
14-27), and to his paper I must refer for a general account of the banks.
The chief object of my vftit was to see in what way the bursting of the south-
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west monsoon and the rising of the backwaters affected the condition of the mudbanks. It unfortunately happened, however, that this year (1889) the monsoon did
not begin at Alleppy with its usual suddenness, and the season was consequently not
very favourable for my purpose.
As most of my time was spent at Alleppy, it will be best, first, to give an account
of what I saw there, and then to describe the few observations made at Narrakal.
To Mr. Rohde, the present Commercial Agent at Alleppy, I am indebted for several
important observations and much valuable help, and especially for a table showing
the changes of height of the backwater during the days of my stay. It is to the
observations of Mr. Rohde and of his predecessor, Mr. Crawford, that we owe
most of our knowledge of the Alleppy mudbank, and there is little to add to what
they have already recorded.
The mudbank at Alleppy, though some miles long, is mostly hidden under" the
sea, and only a very small part of it appears above the surface. The actual northern
end of the bank, which is some distance from shore, seemed to remain at the same
point throughout my stay at Alleppy ; but the visible part of the bank moved gra
dually southwards.
On the 4th June, mud appeared close to the pier, and the water there was very thick
and smooth. For a considerable distance out to sea, and along the coast, though no
mud was visible, the water was much smoother than in the open ocean. About half,
a mile north of the pier, the sea came in with its full force and with a great surf.
The northern end of the mudbank, as was afterwards proved, lies almost directly
off this point
The smooth-water tract was semi-circular in shape, and its northern and southern
edges were defined by two crescentic lines of breakers running outwards to the sea ;
but towards the west there was no distinct boundary between the smooth and the
rough water. The waves became lower and lower as they approached the shore.
Where the water is smooth, the sandy shore is wide, and slopes gently to the sea;
but where there is a surf, the shore is narrower, and the part of the beach upon
which the waves break is very steep.
On the 7th the visible part of the mudbank had moved a little to the south ; and
one of the peculiarities of the waves, as they approach the bank, was very clearly
marked.
About half a mile north of the pier the waves came in with full force, and their
crests were parallel to the shore. When, however, a wave passes over the mudbank,
not only is its height diminished, but its velocity becomes less. The southern part
of a wave is here over the mudbank, while the northern part is still over a sandy
bottom. The part over the mudbank is impeded in its motion, while the northern
part still rushes on with its full speed. The consequence is that the crest of the
wave, instead of running parallel to the shore, i.e., about N by W., becomes oblique
to it and runs N.E. The obliquity of the waves becomes greater and greater to the
south, till finally, on this particular day, at the pier, the crests were at right angles to
the shore and the waves ran from N. to S. This is shown diagrammatically in fig. 1.
The case is the same at the south end of the bank, as observed on the 13th.
There, however, it is the northern part that reaches the mudbank first. Consequently,
the waves become oblique to the shore in the other direction, and run up the coast
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from south to north. The phenomenon is not so clearly marked as at the north end
of the bank.
On the 1 3th the part of the bank that appeared above the sea had reached a
point about a quarter of a mile south of the pier. The waves came in diagonally at
the pier, and about a quarter of a mile south ran from N. to S. along the shore.
Except for this slow movement to the south, there was no change of importance
till about the 15th. On the evening of the 14th, the backwater, 'which had been
slowly rising, stood 6 inches higher than on the evening of the 4th.
On the 15th a strip of shore close to the sea had subsided some two or three
feet. The width of the strip was about 20 yards and its length about 3C0. The
point of maximum subsidence was a little north of the pier ; and from this point to
the north and south, the amount of the subsidence gradually decreased till at a
distance of 100—200 yards from the central point all trace of it had disappeared.
Further north, however, a semi-circular area (the diameter being the actual seaborder) had begun to fall. Instead of subsiding in one piece, this area had sunk in
little steps, so ^that there were a number of little terraces rising one above another
from the sea towards the east. The height of the terraces was only a few inches.
At the north end of the semi-circular area, just within the sea, a heap of mud
rose above the waves. This heap was surrounded bv a channel or moat, and had the
appearance of having been forced up through a hole at the bottom of a crateriform
basin. The mud rose in a sort of column to a height of two or three feet above the
level of the sand. It was very soft, but so tenacious that it was very little affected by
the waves which washed over it.
North of this point there were no signs of disturbance of any kind. But all
along the seaward edge of the subsided areas there were a number of basin-shaped
holes in the sand, about four or five feet across and three or four feet deep.
On the 1 6th, the subsidence at the pier had increased, and just within the sea,
a long ridge of mud had risen above the waves. This ridge extended, with a few
interruptions, to the mud heap observed the day before.
Some of the crateriform holes had become partially filled up with sand. The
moat surrounding the mud heap of yesterday was also filled up. It appeared that the
column of mud rising in its centre had gradually collapsed. Probably owing to
the pressure of mud above, that at the base had begun to flow outwards. By
sounding with a stick, I found that the section across the heap whs as in fig. 2.
It was impossible on this day, owing to the treacherous nature of the mud, to
cross to the seaward side of the line. But on the 17th enough sand had been
thrown on the lower parts of the ridge to form a tolerably coherent layer. It was
then possible to cross at some points, and I was able to sound the mud heap right
across, the result being shown in the figure. The mud fills a basin-shaped hole,
the seaward side of which is steeper than the landward side. In the middle I
could not reach the bottom of the mud.
A section across the long continuous ridge of mud further south, was nearly
the same as fig. 2, but it was there impossible to get to the seaward side.
It is clear, then, that the mud is forced up from below through the sand. As
it rises, the sand sinks in round the hole or cleft through which the mud is forced
and a basin or trough is formed which the mud afterwards fills.
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As soon as the ridge of mud rose above the waves, rounded masses of mud
were thrown up on the beach. These were, no doubt, torn off from the mudheaps
and rolled about in the waves.
.On the 1 8th and 19th the water in the backwater had risen to the greatest height
at which it stood during my stay at Alleppy. No further subsidence took place and
the backwater now began to fall slowly.
After this date there was no change in the mudbank till my departure on the
24th ; but a few more points remain to be noiiced.
The mud thrown up in the manner described is precisely like that foind by
sounding at considerable depths. It is greenish in colour, very oily-looking, and
very tenacious. 7Ohere is no visible foreign matter mixed with it. But where the
water is smoothest and muddiest (at this time, about a quarter of a mile south of
the pier), it is full of blackened twigs, &c. ; and palm tree roots and pieces of wood are
thrown up in quantities. At first sight it appears as if these came out of the
mud of the bank. It is more probable, however, that they have been brought
down the coast by the current which runs from north to south, and have naturally
been collected in such a piece of smooth water as this, just as, in a rapid river, twigs
and straws collect behind any projecting point that gives them shelter.
Moreover, it has been already mentioned that the waves approaching the mudbank
converge towards this point, and sweep along the shore from the north and the south.
Many of the pieces of wood are rounded and appear waterworn, and they are
often bored by Pholas. It may be remarked, too, that large numbers of sea-shells
are thrown up at the mudbank, and not elsewhere; and that more sand collects
along the edge of the smooth-water tract than where there is a heavy surf.1
The smooth-water tract is in fact a sort of refuge for everything thrown into
the sea anywhere within a reasonable distance ; and the presence of vegetable
matter, even green and fresh, in the mud volcanoes observed by Mr. Crawford,8 is
perhaps due to this.
On the 2 1st the smooth water was more extensive than before, and the whole
area of the water was variegated with broad shining streaks. On rowing up to these
and examining them, I found that the water of the streaks was much less rippled
than elsewhere, and was covered by a thin film, most clearly visible with the light of
the sky reflected at a particular angle. The film was too thin to be collected, but
was probably oil, and certainly had a smoothing effect on the smaller waves. There
were several of these broad patches of film-covered water, and they extended some
miles out to sea.
At Narrakal, on the 2nd June, the mudbank was heaped against the shore and a
, ,
very large area was above sea-level, so that a channel had
Narrakal
to be opened to enable boats to reach the sea. Owing
1 When the Alleppy pier was t.uilt, the mudbanx lay far to the south. The shore at Alleppy
was then narrow, and the pier stretched well out to sea. Since the new mudbank formed near
lhe pier, sand has collected, until now the sea reaches only the extreme end of the pier.
1 Mr. Crawford (see Records, vol. xvii, p. 18) speaks of the bursting of the cone of mud, and
the throwing up of boulders of mud and vegetable debris. I did not see any cone burst, and the
boulder-like lumps of mud and debris on the shore were simply thrown up by the sea.
None of the outbursts in the bed of the roads, which seem to be more striking than those
on the sea-border, occurred during my stay.
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to the liquidity of the mud the channel was constantly filling up ; but it was possible
to row a light boat over the mud even where no water appeared.
The sea was much smoother than at Alleppy, and the smooth water extended
some distance south of the pier. I observed several of the shining streaks afterwards
noticed at Alleppy, but, probably owing to the nalure of the light, could only find a
film at one or two places. Wherever the water shone, however, the ripples were
much smoother than elsewhere.
On the 25th I paid another visit and found the bank and smooth water in nearly
the same condition as before. But on going to the edge of the smooth water I
found that the rougher water was blue and the smoother muddy in colour. On the
smoother water was a film as at Alleppy, and its edge was marked by a line of bub
bles and foam. The crests of the waves broke slightly as they entered the muddy
water.
The boundary between the blue and muddy water was so well defined that some
times on one side of the boat the water was deep blue and on the other a reddisbgrey. Within the blue waier, however, were some muddy-coloured streaks as if the
edge of the muddy water had been, so to speak, frayed out in places.
The only way to account for so sharp a boundary seems to be to suppose a cur
rent of clear water to run in a south-easterly direction along the outward edge of
the mudbank, and to strike the shore some distance south of Narrakal, where the
muddy water now ends.
That such a current does exist is well known, and it is to it that the heaping up
of the mudbank at the pier is due. Narrakal lies in a shallow bay protected from
this current by the slight projection of the shore to the north. The current sweeps
by this projection and strikes the shore south of the pier. The greater part of the
mud collects in the protected bay.
During heavy south-west monsoons, however, I was informed on the spot, the
mud is swept out of the bay (which is quite open to the sotth-westj and does not
begin to collect again until the southerly current recommences.

From the structure of (he mud heaps at Alleppy, as already described, it appears
that they have been formed by the forcing up of mud from below. There must
therefore be a stratum of similar mud at a certain depth below the sand.
It was not until the ground had become thoroughly soaked (as shown by the
rising of the water in the wells) and the backwaters had risen slightly, that the
eruptions of mud took place.
All this is simply confirmatory of the observations of Messrs. Rohde and Crawford.
They have shown that when the backwaters rise, the extent of the smooth-water
tract increases, and mud volcanoes burst in the sea. Borings made at various places
have reached mud at depths varying from 20 to 66 feet. Between the sand and the
mud Mr. Crawford found a crust of chocolate-coloured sandstone.
Mr. Rohde informed me that in making the pier, the screw-piles went in for some
distance without difficulty. They then met with considerable resistance, but, this once
overcome, they went in easily for the rest of the way. The outermost pile, however,
went in from the very first with great, in fact too much, ease. If we supposed the
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piles to pass through the same beds as were met with in Mr. Crawford's boring, the
peculiar behaviour of the screws would be explained. They first passed through
sand, then " chocolate-coloured sandstone," and lastly mud. The outermost pier
entered the mud at once.
It may be assumed therefore that under the sand of Alleppy is a layer of mud
which crops out under the sea. When the backwaters rise to any height, the pres
sure forces this mud out under the sea and forms the mudbank.
This is, I believe, the theory of Mr. Rohde ; but that this mud is the backwater
mud is very doubtful. There is not the least resemblance between the two. The
mud of the bank is greenish in colour, oily, very tenacious, and owing to its fineness
very miscible with water.1 It is a very fine clay, and of ordinary clays, is more like
the under-clay of a coal-seam than any other. The mud of the backwater, on the
other hand, is full of vegetable debris, black, lumpy, and contains a high percentage
of carbon. It will not mix well with water, and is hardly a true mud.
I am inclined to think that the stratum of oily mud will be found at some depth
below the backwater deposits, and that, in fact, it was the silt carried by the rivers
into the sea when the coast-line was further east than it is at present, before the sand
bars cutting off the backwaters from the sea began to be formed.
According to the observations of Messrs. Crawford and Rohde, carried on through
a long series of years, the mudbank is formed at intervals at Alleppy, and is then
gradually washed southwards by the littoral current, being slowly dissipated by the
waves at the same time. Usually, before the old bank has quite disappeared, a new
one starts at Alleppy.
This year, for example, at Totapallicherra, about 13 miles south of Alleppy, there
were the remains of an older bank, which had travelled southwards from Alleppy.
I found it fairly well marked ; but only in one point was there any trace of it visible
above the sea.
As the bank is always formed at Alleppy, we may assume that the outcrop of the
oily mud stratum lies there, and that the bed thins out to north and south.
A small mudbank, in all respects similar to that at Alleppy, occurs at Calicut;
and in boring for foundations for the bridge over the Kallai river, a layer of oily
shale or mud was passed through. This stratum thinned out to north and
south, as was proved by other borings. The mud was in character very like that
of the Alleppy and Narrakal banks. I have not the full details of the borings with
me. but the shale was found in association with beds containing shells and fish-bones.
It was obviously laid down by the river when the current at that point was slow.
No connection has been proved to exist between this bed and the Calicut mud
bank ; but the presence of such beds among the river deposits of the West Coast at
least suggests that they may sometimes crop out under the sea ; and if there were
sufficient pressure during the monsoon on their inland portions, the mud would
naturally be squeezed out at its outcrop and would form a mudbank.
Owing to the peculiarly fine nature of the mud it is stirred up by the waves, and in
that condition would easily be carried south by the littoral current. It is hardly ne
cessary to repeat any of the observations made showing the liquidity of the mud
1 It seems to take some time for this mud to become thoroughly mixed with water ; but
when once mixed it will remain so for a long time.
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when well mixed with water; but an ordinary lead will frequently sink four or five
feet into the mud.
The chief point, then, in which I differ from previous observers, is in consider
ing that the Alleppy bank is formed, not from the backwater mud, but from an older
river deposit, found only at particular points along the coast. This would explain its
non-appearance at other points where the conditions seem equally favourable. With
regard to the existence of actual subterranean channels, it may well be doubted
whether any could exist in such unstable deposits as are found here.
The Narrakal mudbank is very probably, to a large extent, formed of the silt carried
down by the Cranganore river. It does not appear to be very much affected by the
rise of the backwaters. It is, in fact, very much what the Alleppy mudbank must
have been before the greater part of it was covered up by more recent deposits.
It has already been shown how the Narrakal mud collects in an area sheltered
from the ordinary littoral current, and is occasionally partly dissipated when the mon
soon current sets in.
The next point to be considered is the manner in which the mud exercises its
peculiar smoothing power on the waves.
The mud, as has already been mentioned, is very oily in appearance; and it has
been shown by Dr. King to contain a certain amount ot oil. I have myself observed
a film of what I supposed to be oil, on the surface of the smooth water; and found
that where this film existed, the water was smoother than elsewhere. But it did not
appear as if the whole effect of the bank could be due to this oil. There was no
sharp line between the rough and the smooth water, except at the north and south
ends of the banks. As a rale, the waves simply became smaller and smaller as they
neared the shore, and at the same time the period of vibration seemed to become
longer and longer.
From the manner in which the waves approach the shore, as observed on the 7th
and following days, it can be shown that their velocity over the mudbank is less
than their velocity over the ordinary sandy bottom. This is easily explained when
we remember that over the bank the water, especially the deeper water, is mixed
with mud, and this mixture is heavier than pure sea-water; and that the velocity of a
vibration varies, when other things remain the same, inversely as the square root of
the densitv of the medium through which it is propagated.
It is to the same cause that we must attribute the decrease in amplitude or size of
the wave. As there is more mud mixed with the water at a little depth than there
is at the surface, the lower part of the wave is retarded most, and hence the upper, or
visible part of the wave, sometimes breaks when it reaches the bank. But if the re
tardation is more gradual, as would be the case when the bank is first encountered at
a great depth, there is no surf, but the wave gradually becomes smaller and smaller.
It is on -account of this that the smooth-water tract is defined at its northern and
southern borders by a line of breakers, while straight out to sea there is no distinct
boundary. At the north end the wave does not meet the bank till it reaches a depth
of less than two fathoms ; while off a point a little south of the pier, the waves are
over mud at a depth of \\ fathoms, or even more.
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GEOLOGICAL SURVEY OF INDIA DEPARTMENT.

TRI-MONTHLY NOTES,
1. End1ng February 1st, 1890.

Director's Office, Calcutta, February 1890.
The staff of the Survey is at present disposed in the following parties :—
Madras Party .— R. B. Foote, f.g.s., Senior Superintendent, Bellary District.
Burma Party,—Theo. W. Hughes Hughes, a.r.s.m., Superintendent.
Tom D. LaTouche, b.a., 2nd Grade Deputy Superintendent.
Fr1tz Noetl1ng, Ph.D., Palaeontologist.
Dr. Noetling left Head Quarters for Rangoon in January, and is placed under
the immediate orders of the Chief Commissioner for exploration in Upper Burma.
Baluchistan Party.—R. D. Oldham, a.r.s.m., 1st Grade Deputy Superin
tendent.
Sub-Assistant Kishen Singh.
Sub-Assistant Hira Lai.
Mr. I.ake having broken down under sun-exposure was detached from this
party in November last and recalled to Head Quarters.
Salt Range Patty. — C. S. M1ddlem1ss, b.a., 2nd Grade Deputy Superintendent.
P. N. Datta, B.Sc., Assistant Superintendent.
Darjiling and Sikkim.—P. N. Bose, B.Sc, 2nd Grade Deputy Superintendent.
Bead Quarters, Calcutta.—The Director; and Officer in charge of Museum
and Laboratory.
Mr. Lake has been placed in temporary charge of the Museum and Laboratory,
vice Mr. E. J. Jones, deceased.
List of Reports and Papers sent in to Office for publication or record
during November, December iSSp, and February 1890.
Author.

Subject. 1

Disposal.

R. Lydekker, Harpenden, Nctes on vertebrate remains from Appears in the Records,
the Nagpore DIstrict.
Geological Survey of India,
Herts.
Vol. XXIII, part 1.
Ditto .... On the Pectoral and Pelvic girdles
and Skull of the Indian Dicyno
donts.

Ditto

ditto.
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List of Reports and Papers sent in to Office for publication or record dur1ng
November, December 1889, andJanuary 1890—continued.
Author.

Disposal.

Subject.

Dr. W. Waagen, Prague . Notes on the Bivalves of the Olive Appears in the Records,
Geologi cal Survey of India,
Group, Salt-Range.
Vol. X3till, part 1.
Ph1l1p Lakb

.

Notes on the Mud-banks of the
Travancore coast.

Ditto

ditto.

C. S. MlDDLKMIss

Crystalline and Metamorphic Rocks
of the Lower Himalaya.

Ditto

ditto.

Tom. D. LaTouche .

Report on the Lakadong Coal-field

Ditto

ditto.

1t

•

Dr. Noetl1ng .

• The Sapphire Mines of Kashmir . Will be published later on.
Notes on the Sonapet gold-field .
Ditto
ditto.

W. Theobald, Budleigh, Index to first twenty volumes of the
Memoirs, Geological Survey of
Salterton.
India.

Ditto

ditto.

. Index to his papers in first twenty
volumes of the Records, Geologi
cal Survey of India.

Ditto

ditto.

Index to his papers in the first
twenty volumes of the Memoirs,
Geological Survey of India.

Ditto

ditto.

Index to his papers in the first
twenty volumes of the Memoirs,
Geological Survey of India.

Ditto

ditto.

F. R. Mallet, London

n
R.Bruce Foots

.

Manag1ng Agent, Messrs. Remarks and additions to Provi Recorded with thanks.
sional Index of Local Distribution
Ingl1s & Co., Sylhet,
of important Minerals, &c., in the
Indian Empire.
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Notifications by the Government of India during the months of November
and December 1889, and January 1890, published in the " Gazette
of India," Part I. —Appointment, Confirmation, Promotion and
Retirement.

Department.

Number of
order
and date.

Name of
Officer.

From

To

...

...

Revenue and 91 C—I., P. Lake
Agricultural dated 8th
Department. January
1890.

Nature of
Appoint
ment, &c.

Wfth
effect
from

Remarks.

Officiating 4th De
Curator. cember
1889.

Notifications by the Government of India during the months of November
and December 1889, and January 1890, published in the "Gazette
of India," Part I.—Leave.

Department.

Number of
order and
date.

Name of Officer.

Nature of
Leave.

With
effect
from

Date of
Return.

Remarks.

•
None.

Annual Increments to graded Officers, sanctioned by the Government of
India during November and December 1889, and January 1890.

Name of Officer.

With effect
from

Number and
date of sanc
tion.

From

To

Rs.

Rs.

F. Noetling

54°

580

1st October
1889.

C. S. Middlemiss

500

540

1st November JSil S., dated
1889.
14th Novem
ber 1889.

dated a1st
December
1889.

Remarks.
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Postal and Telegraphic Addresses of Officers.

Postal Address.

Name of Officer.

Nearest Telegraph Office.

R. Bruce Foote .... Harpanahalli (Bellary)

Harihar.

T. W. H. Hughes

Mergui (Burma)

Tavoy.

C. L. Gr1esbach

Calcutta .... Park Street, Calcutta.

R. D. Oldham

.... Sibi (Baluchistan)
.

Sibi.

P. N. Bose

Pillan's Hat

Siliguri.

T. H. D. LaTouchb .
C. S. MlDDLEMIss

Chin-Lushai Expedition, Chin-Lushai
Expedition,
Lushai Column.
Lushai Column.
Khewra (Jhelum)
Khewra.

P. Lake

Calcutta .... Park Street, Calcutta.

P. N. Datta

.... Khewra (Jhelum)

Khewra.

F. NOETLING

.... Yenangyoung .

Yenangyoung.

K1shen S1ng

.... Sibi (Baluchistan)

Sibi.

H1ra Lal

Ditto

«

Do.

a

RECORDS
OF
THE GEOLOGICAL SURVEY OF INDIA.

Part 2.]

!890.

[May.

Special report on the most favourable sites for Petroleum Explorations in
the Harnai District, Baluchistan, by R. D. OLDHAM, A.R.S.M., F.G.S.,
Deputy Superintendent, Geological Survey of India. (With a plan.)
A general description of the mode of occurrence of the petroleum and my
reasons for believing that it exists in workable quantities having been given in a
separate report,1 I shall confine myself to a detail of the most promising localities at
which to start boring operations.
The anticlinal which ends near Seni village may be dismissed at once ; the
ground round its termination is very broken, it is very much hidden by recent
gravels, and the few exposures seen have all high dips—a combination of draw
backs which precludes its being adopted as a favourable locality to start exploratory
operations.
The anticlinal of the Galusha Hill, which terminates near Spintangi, is the most
accessible and contains very conspicuous shows, but the dip is nearly every where
high, and, what is worse, increases as the boundary of the limestone is left. The
one exception to this is at the north-western corner of the hill where the dip is only
20° and a mile off to the north-west there is an exposure of shales dipping north
by west at an average of 150. There is an extensive plain in this neighbourhood,
in the angle formed by the junction of the Kuriak and Dadar streams which is
nearly all under cultivation, partly irrigated and partly dependent on ramfalL
Were borings established here they would have to be put down 1,000 feet or more
according to the situation, and if a number were put down, compensation would
have to be paid to the proprietors of the land which would probably counterbalance
the advantage of proximity to the line of railway. The locality here referred to is
marked B on the accompanying tracing.
Slightly less accessible, though in other respects preferable, is the termination of
the Pfr K6h anticlinal. The oil-shows are in one respect better than at Spintangi,
for, besides occurring as inclusions in veins of calcite, it is found lining close fissures
' Will appear in Pt. 3 of the Records.
B
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in the limestone, not merely the principal joint planes, but along fissures so close
that they are only revealed when the limestone is broken up with a heavy hammer.
This shows that the oil mnst have permeated the rock under pressure and was not
merely washed up in a current of hot water.
The most obvious plan would be to bore on the continuation of the crest of this
anticlinal : but, in the first place, there is no certainty that it continues as an anticlinal
for any distance beyond the termination of the hill, and, in the second place, it would
involve boring on a plateau to' which water would have to be pumped or carried a
height of nearly 100 feet. Beyond the somewhat problematic advantage of possibly
boring on the crest of the anticlinal where this itself probably slopes at an angle of
20° or more, there is nothing to be gained here over the level ground near the village
of Pfr. True it is on the flank of an anticlinal, but the oil-shows along this very
flank show that oil can rise under pressure in such a situation, and the dip is
moderate, probably under and certainly not much over 20°.
The locality is easy of access ; heavy machinery could be brought up with but
small expenditure on road-making ; an abundant supply of water could be brought in
by gravitation from the neighbouring stream, and there is no cultivation to injure.
Should oil be found in workable quantities, a branch line of three miles long could
be made at a small cost, and this line would traverse a considerable area of low
and rolling dips, over which the borings could be extended with a fair prospect of
success.
If it is determined to bore here,—the locality is marked A on the tracing,—the
boring should be put down at such a distance from the boundary as to strike the
limestone at some depth below the surface, say, not less than 500 or 700 feet, and
so strike what oil there may be under pressure.
There are some indications of an anticlinal near the line of railway between
Sunari and Spintangi, but it is somewhat doubtful, and there is a depth of at least
2,000 feet of shales over the Dunghan limestone.
The most favourable locality in many respects, though the least accessible, is
that marked C in the Kipar Valley. There is here a very well defined anticlinal
fold ; the rocks at the surface are the Ghazij shales, and the Dunghan limestone, to
which we must look as a reservoir, would be struck at a depth of not less than 1,500
to 2,000 feet. The conditions for accumulation of oil under pressure are distinctly
favourable, as there is a well-marked anticlinal axis, protected by a thick cover of
impervious shales.
As regards facility of working, there is a broad plain of about a mile and a half
long by three quarters of a mile broad, and other smaller tolerably level pieces of
ground. The water-supply I cannot speak of with certainty. At the time of my
visit (13th January 1890) there were several pools of water, and in one place a string
of these was connected by a small dribtet of water flowing over the surface which
probably did not represent a tithe of the quantity escaping by percolation. I was
informed that these never dried up entirely, and that water could always be obtained
by digging in the stream-bed. This statement is probably correct as the pools were
full of fish, running up to a quarter of a pound in size, though there are only a few
small scattered pools of water between here and Spintangi.
The drawbacks are that it would be impossible to get heavy machinery in

,I I
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without some road-making, and a branch line from the railway would be somewhat
expensive, as there are two considerable stream-beds to cross and quite half the
distance is broken ground involving a quantity of cutting and embanking, heavy
gradients, and sharp curves. These are, however, nothing greater than would be
encountered by a railway to Khattan, excluding the last twelve miles, and far easier
and less expensive than that last twelve miles would be.
To sum up, the advantages and disadvantages of the three localities are as
follows :—
A. — Sp intangi.
Advantages.—Easy of access and consequently saving of expense in bringing in
machinery or taking out oil.
Drawbacks.—Uncertainty as to structure and consequently as to prospect of
obtaining oil, and certainty of heavy expenditure in compensation if operations on a
large scale are undertaken.
B.—Pir.
Advantages.—Somewhat better a priori prospects cf success than at Spintangi ;
only three miles distant from line of railway over an easy country; ample watersupply and room for expansion both at the terminus and along the line of a branch
railway.
Drawbacks.—Imperfect exposure of rocks and consequent absence of absolute
certainty as to the best sites for boring ; not quite so easily accessible as Spintangi.
C.—Kipar Mand.
Advantages.—Certainty of obtaining oil in as great abundance as it can be
obtained in this district.
Drawbacks.—Want of accessibility as compared with Spintangi or Pir ; possibility
of deficient water-supply ; uncertainty as to depth at which oil will be struck. Of
these the last only is insuperable, and there are prospective advantages to be gained
by striking the oil at a great depth.
Taking all things into consideration I am in favour of the second locality, that of
Pfr, being adopted for the commencement of explorations.
Camp, Sibi, dated Ike s9lh January 18<jo.

The Sapphire Mines of Kashmir ; by Tom D. LaToUCHE, B.A., Deputy
Superintendent, Geological Survey of India. (With three plates.)
The existence of sapphires in considerable quantities in some part of the North.
West Himalayas was first brought to light in 1881, or early in 1882, when some were
brought into Simla by traders from Lahol, who stated that they had been obtained
from a spot among the mountains on the borders of Zanskar, where a landslip had
1 2

6o
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laid bare the rocks beneath the soil, and disclosed the presence of the gems.
Various stories are told of the original discovery ; according to one of these, which
was told me on the spot, a certain shikari, having lost the flint from his gun while
out hunting, or, as is the custom of the natives when in want of a light for their
pipes, looking for a handy fragment of quartz or other hard rock to strike a light
with, picked up a small sapphire, and finding that it answered his purpose better
than the ordinary fragments of quartz he was in the habit of using, carried it about
with him for some time, and eventually sold it to a Laholi trader, by whom it was
taken to Simla, where its value was recognised. Enquiries were then made, which
resulted in the discovery of the spot where the shikari had picked up the stone, and
for some time, until guards were posted near the locality by the Maharajah of
Kashmir, in whose territory it lies, large quantities of the stones were brought to
Simla and sold at absurdly low prices, the Laholis only asking about one rupee per
seer for them. Another story runs to the effect that a number of traders who had
arrived in the Simla bazaar with borax from Rupshu were emptying their baskets in
a merchant's shop, when a stone fell out and was thrown by the merchant into the
street. The well-known jeweller, Mr. Jacobs, happened to be passing at the time, and,
so the story goes, was struck by the stone. Picking it up, perhaps with the intention
of returning it, he saw what it was, and on the merchant's claiming it, when he saw
that there was something unusual about it, bought it for a small sum. This latter
story, if it is to be relied on, would seem to point to the existence of another and as
yet unknown locality for the gems, somewhere in Rupshu ; otherwise it would be
difficult to account for the presence of the sapphire among the borax, which is
brought to Simla along a route that does not pass anywhere near the known locality
in Padar. Various stories have been circulated of the discovery of sapphires in
Kulu and other portions of the North-West Himalayas, but up to the present time
none of these have been confirmed.
Early in 1882 a few specimens of the gems were sent down from Simla to the
Indian Museum, and examined by Mr. F R. Mallet, who published a full account of
their mineralogical and chemical characters in the Records for that year— Vol. XV,
page 138. Mr. Mallet also published an account of them, with figures of the crystals,
in Part IV of the Manual of the Geology of India, p. 40. In the former paper
he says:—"The physical and chemical characters of the specimens show con
clusively that they are true sapphires. The specific gravity of the larger piece was
found to be 3*959 and of the smaller 3*961. The mineral scratches topaz; is
infusible before the blowpipe ; and when fused in powder with acid potassium sul
phate, and dissolved in water, yields a bulky precipitate of alumina with ammonia."
At the time when these specimens were sent down, considerable doubts existed
as to the locality in which they were found. This was partly due to the similarity
in the name of the district of Padar in the Chinab Valley, in which they were
actually found, with that of the village of Padam1 in Zanskar, from which district it
was at first stated that they hid been obtained. This mistake was pointed out by
1 In the name Padam the " a " is short, while the first in Padar is long ; the former word is
the same that occurs in the Buddhis*. prayer, "Om mam padme haun," and is said to signify
a lotus. The village is so named from being built round the foot of a conical knoll, on which
the chief's house stands, thus resembling the peLals and central portion of a lotus blossom.
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Mr. Lydekker in his memoir on the geology of Kashmir (Memoirs, Geological Sur
vey, Vol. XXII, p. 336). The locality is correctly given in a letter from the
Rev. A. VV. Heyde, Moravian missionary at Kyelung, printed with Mr. Mallett's
paper in the Records above cited, as 2 or 3 kos to the east of Machel in Pidar; but
the statement of one of his informants, that the place could be most easily reached
by way of the Pentse La, ore of the passes leading from Kashmir to Zanskar,
is incorrect, as a lofty range of mountains extends between the actual locality
and that pass.
In the year 1887 the Kashmir Durbar, finding that the revenue from the mines,
which had been worked by them with considerable profit since the first discovery,
was steadily diminishing, applied to the Government of India for a geologist to
examine the mines, and I was deputed to visit and report upon their present condi
tion. I arrived at Srinagar about the middle of August, and obtained as much
information as possible about the position of the mines, which I was told were
situated near the village of Soomjam on the Bhutna, a tributary of the Chinab
entering it from the north-east at Gulabgarh in the district of Padar. Crossing the
Marbal pass, 11,550 feet, at the head of the Kashmir Valley, I reached Kishtwar, near
the junction of ihe Wardwan and Chinab Rivers, both of which had to be crossed by
jhulas, or rope bridges, in 6 days. T hence a somewhat difficult path led up the left
bank of the Chinab to Gulabgarh. The river runs through an exceedingly deeD
and narrow gorge, and the path generally keeps at a considerable height above it,
but the numerous side streams, which also run in deep gorges, necessitate a descent
and ascent of two or three thousand feet in several places, so that the marches are
very trying : the path is, however, practicable for unladen ponies. This portion of
the journey took 5 days to accomplish, though the distance from Kishtwar in a
direct line is only 24 miles. At Gulabgarh the valley opens out considerably and is
well cultivated : here the Chindb is again crossed by a long and somewhat shaky
jhula close to an old fort which stands at the junction of the Bhutna with the larger
river. From this point, which is about 6,000 feet above sea-level, the rise up the valley
of the Bhutna is considerable, about 250 feet per mile, but the valley is more open,
and the path keeps near the bank of the river, so that travelling is much easier.
Soomjam, the highest village on the southern side of the lofty range dividing Zanskar
from the Chinab Valley, is reached in 2 marches, or 13 in all from Srinagar; th's
village lies at an altitude of about 11,000 feet in Latitude 330 25' 30" N. and Longi
tude 760 28' 10" E., at the lower end of a broad level plain, about 5 miles long and i
mile broad. This was formerly occupied by an extension of the glaciers which now
descend only as far as its upper end from the passes leading into Zanskar, a large
moraine stretching from side to side of the valley immediately above Soomjam, and
the polished surfaces of the cliffs on either side, indicating their former extent. A
general extension of the glaciers in former times over the whole of this region is
shown by the occurrence, near the head of each of 1he streams draining this range
of mountains, of a similar more or less level and open plain, near the lower ends of
which are generally found the remains of an ancient moraine. But the difference in
altitude between these old moraines and those now forming is not so great as one
would expect, considering that in other parts of the Himalayas they are found as
much as 5,000 feet below the present limits of the glaciers. This may perhaps be
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accounted for by supposing tf1at during glacial times this portion of the hills stood at
a lower elevation than at present, and has undergone a considerable upheaval since
that period.
A steep climb of about 2,500 feet to the W. N. W. from Soomjam brings one to
the lower end of a small triangular valley, formed by a bifurcation of one of the
spurs that run down from the lofty peaks to the north, and in this the sapphire
mines, or rather diggings, are situated. This valley is shut in on the north and
west by steep cliffs r1sing to some 3,000 feet above it and is open to ihe south and
east, whence there is a magnificent view of the glaciers and snowy peaks surround
ing the head of the Bhutna and its tributaries. The trigonometrical survey station
of Ganar, 14,210 feet, lies about a mile to the west of the mines, and I found by care
ful comparison of simultaneous observations made with mercurial barometers that
the altitude of my camp, just below the workings, was 13,160 feet. Up to this level
the hill-sides are covered with grass and various flowers, a wild onion being very
common; but it is just above the limit of the birch, which reaches an altitude of
about 1 2,000 feet on the slopes below. Above this the ground is nearly bare of vege
tation, a few grasses, stonecrops, and scanty flowers, among which a kind of musk
with a dark bluebell-shaped flower was rather common, being the only plants.
When I visited the place in 1888 in the middle of July, snow was lying on the
ground close above the camp to a depth of 8 feet, and did not disappear till the end
of August, a few small patches lingering on throughout the year. The climate, how
ever, was not severe during the time I was there ; between the 1 7th July and the
23rd September the thermometer did not once fall below freezing point, and snow
fell on only three occasions, the 23rd August and 24th and 30th September. The
lowest temperature registered was 28° F. on the 27th September and the highest
69-2° F. on the 1 5th August. At the beginning of October snow began to fall
regularly and work had to be given up for the season.
The small upland valley in which the sapphires are found is about 1 ,000 yards
long by 400 yards broad at its lower end ; the floor rises at an average angle of about
200 to the north-west, narrowing to a point, and is thickly covered with loose debris
fallen from the surrounding cliffs. It is from a narrow strip of this debris, averaging
about 100 feet in width, along the northern side of the valley, that the sapphires are at
present obtained. They appear to have been originally derived from a spot high up
on the cliffs to the north of the valley, near the head of a small ravine which enters
it at some distance from the apex (see plan, PI. III); this accounts for their distribu
tion along only one side of the valley.
The rock of- which the cliffs are composed is mainly a coarse schistose gneiss,
containing a white felspar and much black mica; portions of it are also crowded
with deep red and brown garnets. On the northern side a thick bed of coarsely
crystalline siliceous limestone (seen to the right of PI. I near the top of the cliff) is
intercalated with the gneiss. This I traced to the south-east as far as Soomjam and
to the north-west for about two miles. The thickness of the bed is not constant, as
it increases from about 6 feet near Soomjam to 100 feet or more near the mines, but
its upper and lower surfaces appear to be strictly conformable with the foliation
planes of the gneiss. Also interbedded with the gneiss are several large masses of
a peculiar hornblende-like rock (kupfferite) : this is in part a felted mass of fibrous
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lamellae, and in part made up of radiating fibrous aggregates several inches in
diameter : the colour is generally grey or olive green, with patches of a brighter
green. The masses are frequently from 20 to 30 feet thick (one large detached mass,
under which the coolies employed at the mines have burrowed holes in which they
live, standing out from the hill-side close to my camp, must have been 100 feet thick
at least), but die away rapidly in a horizontal direction. Between them and the gneiss
is generally found a band, from 1 to 2 feet thick, of a soft rock composed of short
acicular fibres, bright green or white in colour, apparently of the same mineral, or in
places a band of rock entirely composed of crystals of mica. I have only found this
rock in the vicinity of the sapphire mines, but whether its presence is in any way con
nected with the development of the sapphires I cannot say. I found one specimen
in which a crystal of sapphire was imbedded in the kupfferite, but this was the only
case I saw of their occurrence in contact. All these rocks have a pretty constant east
erly dip of about 40°. Lastly, the gneiss is traversed by numerous dykes of granite
occasionally parallel wi1h its foliation, but usually cutting directly across it. This
granite is generally very coarse-grained (pegmatite), composed of large crystals of
milk-white felspar with much quartz, either clear or milk-white and occasionally pink,
and sparsely scattered plates of dark-coloured mica up to an inch or so in diameter.
As accessories the granite contains well-developed crystals of black tourmaline, called
coal by the coolies, sometimes of large size (up to 4 or 5 inches in length), light-green
enclase, kyanite, minute red garnets, and finally crystals of corundum or sapphire.
These last are associated with a white felspar, apparently a plagioclastic variety,
occuning in small grains, which give a porous character to the portions of the rock
in which they occur. The sapphire crystals appear to be very local in their
development, the only spot where they have hitherto been found in situ being near
the top of the ridge bounding the northern side of the small valley above mentioned,
and about 1,600 feet above it. Here the face of the rock has been laid bare by a
landslip, and at first the sapphires were taken out of the granite itself ; but when
I visited the mines this patch of rock had ceased to yield any for some time, nor
did the closest search bring any more to light. On the northern side of the ridge,
however, I discovered some large blocks of the granite crowded with crystals of
corundum, most of which had a bluish tint ; but all my efforts to find the source of
these blocks were of no avail, owing to the enormous depth to which the rocks
composing this side of the ridge had been weathered,—so much so that it would
require a landship to lay the rock sufficiently bare to enable it to be properly
searched. I attempted to bring one about by digging deep trenches across the
hill-side in which water might collect, but without success.
Although many dykes of granite are seen in other parts of the cliffs surround
ing the head of the valley, none of them appear to contain sapphires, and none
are found in the debris covering the floor of the valley, except in a narrow strip along
its northern edge. In this, . crystals and fragments of sapphire and corundum are
fairly numerous, especially near the head of the valley ; and at the time of my first
visit about 100 coolies were employed in searching for them by digging up the
surface with small kodalis and picking up any sapphires they came across. This
was not a very satisfactory method of working the deposit, for the darker coloured
and therefore better gems were liable to escape notice, and the upper 6 inches or
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so were worked over and over again, with very poor results : so I had a simple
washing apparatus made of a few planks and set up at a large spring which issued
from the hill-side near the camp, and the stuff containing the sapphires carried down
to it in baskets. This washing apparatus consisted of a platform about 6 feet
square, over which a strong stream of water was kept flowing, which carried away
the mud and finer particles, the coarse1 pebbles and sand being held back by a low
edging of upright planks ; then when cleaned sufficiently the sand and gravel were
thrown into a broad and gently sloping trough, through which a moderate stream
of water was kept running, when the sapphires could easily be detected and picked
out (PI. II). Most of the stones obtained in this way were small fragments, some
not much larger than a pin's head, and crystals, the great majority showing very
little colour and being of small value as gems. Occasionally, however, a larger
stone of good colour would be found; thus the largest obtained in 1887 weighed
about 6 oz., and was partly of a very brilliant colour; but in 1888 the largest weighed
only 104 grains, and very few were found weighing more than 50 grains. These are
not to be compared witl those brought down when the mine was first discovered. I
was shown some in the treasury at Jammu that measured 5 inches in length by 3 inches
in breadth, and though none of these were uniformly coloured, but shaded off into
white at either end of the crystal, still some very fine gems might be cut from
them.
In order to find out whether or not the deposit was equally productive in every
part, I had small pits dug at various points, and Ihe stuff taken out of each of them
weighed and then washed separately, afterwards weighing the sapphires obtained. It
was found that the yield of sapphires steadily decreased towards the lower end of the
deposit ; but it so happened that the largest stone obtained was found in the lowest
pit of all, which, however, produced only one other fragment of sapphire, weighing
I tola. It would probably therefore be worth while to work over the whole of the
deposit, which can easily be done by the use of such a washing apparatus as I
devised, though, owing to the shortness of the season during which work can be
carried on, it will take several years yet to do so. I found also that the productive
ness of the deposit decreased rapidly from the surface downwards, so that at a depth
of more than 3 feet no sapphires whatever were found.
During the working season of 1888, i.e., from the 17th July to the 29th September,
the total quantity of corundum obtained was 1,630 tolas, of which perhaps one fourth
would be commercially valuable ; but the average weight of the stones, calculated
from the results of 25 days' working, during which I counted and weighed each day's
production, was not more than 10 grains ; and I hardly think that, considering the
inaccessible character of the locality, the difficulty of obtaining labour and of pre
venting smuggling, the yield of sapphires will in the future be very profitable, unless
the actual bed in which they occur in situ can be again discovered.
Besides the corundum several other minerals, interesting from a scientific point of
view, though not commercially valuable, are found in the granite of this region.
For a determination of the species of most of these I am indebted to Mr. F. R.
Mallet, late of the Geological Survey, who kindly examined them for me. These
are the following :—
1. Light-green crystals of tourmaline are found in a granite vein about 1 mile
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from the ridge in which the sapphires occur ; they are fairly numerous in some
parts of the rock, thickly encrusting the surface of large crystals of quartz, or pene
trating for some distance into their interior. The crystals are transparent, ve1y
thin in proportion to their length, seldom reaching a length of more than two inches,
with a breadth of about
inch, and are very brittle. Their mode of occurrence is
exactly similar to that of the rubellite, a pink variety of tourmaline, of Rozena in
Moravia (Indian Museum), which is also found in long thin crystals penetrating
crystals of quartz.
2. A rare mineral, Cookeite, which is stated by Dana (Manual of Mineralogy,
p. 314) to be an alteration product of rubellite, is found enveloping the green tour
maline ; a cross section showing a rod of the latter enclosed in a thick walled tube
of Cookeite ; this is pink or white in colour and occurs in fairly considerable quantities.
Mr. Mallet says : "The hardness is about 2-5 ; lustre pearly on cleavage faces; it
exfoliates strongly when heated before the blowpipe, and colours the flame crim
son, showing the presence of lithia."
3. Spodumene. A few lilac-coloured crystalline blocks of this mineral, which
also contains lithia, were found in a valley to the north of the sapphire mines, between
them and the place where the green tourmalines were found : none of these were
found in situ.
4. A large block of prebnite was also found in the same valley. There can be
no doubt, I think, that this and the last mineral were derived from the granite.
5. Traces of copper carbonate w-ere found in some of the granite veins to the
west of the sapphire mines, but in very small quantity.
6. Some well-formed hexagonal prisms of beryl were brought to me from near
Machdl, a village on the Bhutna below Soomjam. On my return from the mines
I visited the place, which was about 4 miles to the west of Mache"l and at an altitude
of about 12,000 feet, but I found that the beryls did not occur in any large quantity,
and those found were very poor in colour, bluish green shading into white.
7. A few pieces of a dark-blue mineral, lazulite, were brought to me, which
were said to have been obtained from an almost inaccessible spot two or three days'
journey from Gulabgarh. I was not able to reach the spot by reason of a heavy fall
of snow which came on while I was at Gulabgarh.
8. Fairly clear crystals of quartz or rock-crystals are obtained in many places
over the whole of this region, but they do not seem to occur in sufficient quantity
in any one place to make it worth while to mine for them systematically.
While at the mines I made several excursions into the valleys near, and sent out
many intelligent natives to try and discover new localities for sapphires, but, except
in one instance, without success. This was close to the Hagshu-ld, one of the passes
leading from the Bhutna Valley into Zanskar ; and as I crossed this pass on a flying
visit which I made to Zanskar during my stay at the mines, I was enabled to investi
gate the "find." The pass is about 16,600 feet in altitude, and large glaciers
descend from it on either side to the north and south. Near the head of that on the
southern side, and close to the foot of the final ascent from the glacier to the pass, a
large block of granite, lying on the moraine beside the glacier, was pointed out to me,
which contained numerous blue hexagonal crystals, and these on investigation turned
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out to be samphires. At first I thought that they were merely kyanite, as they
appeared to possess the different hardness on two faces of the crystal which is
characteristic of that mineral ; but Mr. Mallet found that this was really due to a glaze
of mica covering the basal cleavage planes which he thinks is caused by a partial
alteration of the mineral, and pronounced them to be really sapphire. Some of the
crystals were about an inch in diameter, but none of them were of a good colour
throughout, the blue shading into a greenish blue in places. It was impossible to
discover the source of this block of granite, which was the only one visible, during
the short time I was able to stay at the spot, but there can be no doubt that it came
from some part of the cliffs surrounding the head of the glacier. The spot where this
block was lying is about 15,500 feet above the sea, and it probably came from some
point which is much higher, and perhaps inaccessible.
I could obtain no information confirming the statement made in Mr. Heyde's
letter, quoted above, that " in the immediate neighbourhood of the spot described '*
(i.e., Soomjam) " the people know of two others, in one of which the blue stone is
found, not below the ground, but in horizontal seams of a large rock, but also, as
it appears, surrounded or embedded in that white stuff." This may refer to the
lazulite found near Gulabgarh, which is associated with a white schistose mineral.
Nor could I get any further information about the locality which in the same letter is
said to exist above (he monastery at Bardun in Zanskar, and I was not able, from
want of time, to pay a visit to Bardun. There seems to be no reason, however,
why sapphires should not occur in many other places in this region where the rocks
are pierced by granite veins, and other '.localities may in time be brought to light
either by chance, as in the case of the original discovery, or by a closer search than
I was able to make.
After I had seen the operations at the sapphire mines fairly commenced and in
working order, I paid a visit to Zanskar, whence specimens of certain other miner
als besides the sapphire above described had been brought to me, and as the
district appears to be one seldom visited by Europeans, some account of my journey
may be interesting. Leaving Soomjam about the middle of August, I crossed the
main range by the Hagshu-ld 16,600 feet, a pass which is not often used by the
natives, though a good deal lower than the Umasi-ld further to the east. Large
glaciers descend from either side of the pass, that on the north being the longer,
about 16 miles, without counting its numerous tributaries. The glaciers are easily
traversed after one has surmounted the mass of moraine matter which entirely
covers their lower ends, sometimes for a distance of half a mile ot more ; above this
the surface is generally nearly level, and very free from crevasses, those that do
occur being usually narrow and easily jumped across ; until the head of the glacier
is reached, where there is generally a steep slope rising towards the nevde, and cut
up by numerous large transverse crevasses, which occasionally give trouble, but with
care they can be avoided, and ropes are never used by the natives while crossing them.
The valley, called the Hagshu Tokpho, leading down from the pass to the
north, opens into the wider valley of the Zanskar River, a large tributary of the
Indus ; here the valley is open and fairly level for a long distance, containing many
villages and monasteries, and in parts well cultivated, but almost bare of trees. The
only trees of any size that I saw were some small poplars planted near the village
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of Seni ; these I was told had been brought from Ladakh. A shrubby willow is
plentiful in the ravines on either side of the main river and along its banks, but all
timber for building purposes lias to be imported.
To the north of the Zanskar River in this part of its course a considerable change
takes place in the aspect of the mountains, corresponding with a change in their
geological structure. Those on the south are rugged and precipitous, mainly form
ed of gneiss, while on the north they are generally smothered in talus to their
summits, which gives them a more rounded appearance and renders them easy to
climb ; the latter are formed of the slaty schists of the Panjal series, a rock which
disintegrates rapidly under the action of frost.
I crossed these mountains by a little-used path across the Rulakun-ld, about
17,500 feet—an easy pass and quite practicable for hill ponies ; some miles, however,
to the north of the pass, near the village of Rulagong, another change takes place in
the nature of the country, corresponding again with a change in the rocks. These
are massive limestones and slaty rocks of Supra Ruling age, much contorted on a
large scale, and through them the streams have cut enormously deep ravines with
almost perpendicular sides, recalling, though perhaps on a small scale, the caftons of
America. The Zanskar River has also cut a similar gorge through these rocks, where
the gorge, 100 feet above the river, is sufficiently narrow to allow of a wooden bridge
being thrown across. I was informed that the lumps of native copper, from which
Zanskar is said to derive its name, are found in the bed of the river near this bridge,
but only in the winter, when the upper waters of the river are frozen, and the bed
here is more or less dried up ; in September, when I crossed it, the river was in full
flood, and it was useless to attempt to search for the copper.
Three days' marching through the gorges north of Rulagong brought me to the
village of Linshot, at the foot of a lofty scarp, mainly formed of a black foetid lime
stone, the upper beds of the Supra Ruling series. Near this village I discovered
several large masses of a similar black limestone crowded with nummulites, and
traced them up to a peak, called Z4 on the maps, immediately above the Singhe-ld,
16,601 feet, a pass by which the scarp is crossed, where I found the nummulites in
situ at an elevation of about 18,500 feet above sea-level. These nummulites were first
discovered by Dr. Thomson in 1852 when he crossed Singhe-ld, but subsequently
Mr. Lydekker had thrown some doubt on this being the locality in which they were
found, as they escaped his notice when he crossed the pass. A description of the
locality and the rocks in which the nummulites occur will be found in the Records,
Geological Survey, Vol. XXI, Pt. IV, p. 160.
The depression which forms the pass itself, as well as another, the Sirsa-la", of
about the same height, several miles to the north, is caused by the intervention of a
broad band of shaly rocks between the black limestones on the west and the hard
limestones and slates of the lower Supra Ruling series on the east; these latter are
sharply contorted on a large scale, the differently-coloured bands of rock rendering
the contortions very visible on the precipitous face of the cliffs. Many sections thus
exposed recall the familiar examples of rock twisting shown in Heim's plates of the
structure of various parts of the Alps.
In the valleys to the north and west of the Sirsa-ld are found numerous blocks
of a whitish heavy rock, allied to jadeite, called zoisite ; it takes a high polish and
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might be made use of in the same manner as jadeite for ornamental cups, &c. A
small quantity is sometimes taken to Lahol by the natives, so they told me, and
sold for about R3 per seer. It eventually finds its way to Amritsar, I believe, where
it is cut and polished. The Srinagar stone-workers to whom I showed some speci
mens of it, found that it was too hard for them to work into ornaments. The source of
these blocks of zoisite is probably the area of tertiary trap shown in Mr Lydekker's
map to the south-west of the Sirsa-la, and forming the peaks D2* and DS6, which are
drained by the streams to the west of the pass. Numerous blocks of the traps are
found with the zoisite, and in many cases the two are intermingled in the same block.
From this point I returned, taking the more frequented route through Yelchung
to the Zanskar Valley near the village of Zangla. In many of the ravines through
which this route passes earth-pillars are very numerous and often of large size.
One group of them is in the Khurna-foo Valley ; they are formed from a stiff clay
which has apparently been consolidated by the weight of glaciers—&grund moraine,
in fact,—and this is frequently full of large blocks of rock which are sometimes seen
either capping the pillars or sticking out from their sides.
From the Zanskar Valley I returned to Soomjam across the main range by the
Umasi-ld 17,369 feet, a pass which, though nearly 1,000 feet higher than the Hagshu\i, is not so difficult, and is often crossed by ponies, several of which were brought
across by my party. The valleys on either side are filled with large glaciers ; but
these do not present many difficulties. A halt has to be made near the top of the
pass at an elevation of about 16,000 feet, and here, as may be imagined, it is bitterly
cold ; but unless a strong wind is blowing—and this as far as my experience goes
is a very rare occurrence at night during August and September,—one can camp
out, even at this altitude, without much discomfort.
On my return to the sapphire mines I found the work progressing favourably,
though no gems of any remarkable size had been found during my absence. With
the end of September the weather began to break, and snow fell for some days, so
that work had to be given up for the season ; and after weighing and packing up the
season's yield of sapphire, which was taken in charge by the Maharaja's officials to
be carried direct to Jammu, I set out on my return journey to Kashmir. On the
way I visited various localities in which rock-crystal, iron ore, and other minerals
were said to exist, but did not find any of them worth the trouble of mining. Among
these was a bed of arsenopyrite, a compound of arsenic, sulphur, and iron, which was
found near the village of Berali between Gulabgarh and Macb.é1, and at about 3,000
feet above the Bhutna ; but the bed seemed 10 be small in extent. I also paid a
visit to the iron-works of Soap in the Kashmir Valley, the ore for which is obtained
from a bed of impure calcareous limonite intercalated in the limestones and rocks to
the east of Achibal. The bed is only 1 or 2 feet in thickness, and dips at an angle
of 35° into the hill, but its outcrop extends for a distance of at least two miles along
the hill-side, and there must be sufficient ore here to keep the small native furnaces
supplied for many years to come, so long as there is any demand for the iron, but it
would certainly not be advisable to start large blast furnaces on the English plan,
and moreover the ore seems to be very poor in quality.
So much has been said lately about the great mineral resources of Kashmir, that
it may perhaps be well, in conclusion, to say a few words on the subject. In
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speaking of the mineral wealth that might be brought to light by properly-conducted
prospecting, it does not seem to be generally taken into consideration that the
natives of the country have for ages had good opportunities of discovering what
minerals the hills contain, and that as a rule they have shown themselves fully
capable of making use of their opportunities. I think that I am not far wrong in
saying that in very few instances in India have useful minerals been discovered in
localities that were unknown to the natives, and in which the ores had not been
worked by them at one time or another. Even the more uncivilised hill tribes are
more or less well acquainted with the minerals their hills contain, and are by no
means in the condition of the Blacks of Australia or the Bushmen of Southern Africa,
in whose country the European prospector has found so great a field for his energies.
To take a single instance : the Khasis of Assam, who till the beginning of the present
century had hardly felt the influence of Western civilization, have for ages obtained
their iron from an ore which occurs as minute grains of magnetite disseminated in
the granite of their hills. Many a highly-trained European geologist might justly
have been sceptical as to the possibility of obtaining a product1ve iron ore from
granite, and would very possibly have passed the rock over as being utterly useless
for such a purpose. Yet the Khasis discovered the mineral, and in all parts of the
hills ancient heaps of slag testify to the use they made of their discovery ; moreover,
they obtained the ore by a process which was ingenious and even scientific—in fact,
a kind of hydraulic mining somewhat similar to the latest process devised for obtain
ing gold in California. Can it be doubted that if any other useful minerals existed
in their hills, the Khasis would not have found and worked them long ago ? Similarly,
in Kashmir, any mineral deposits that exist are probably well known to the natives,
and, if useful, are already worked, and these are not of any great importance. Even
the common minerals, coal and iron, are not found in any large quantity, and where
they do occur, are poor in quality. Accident may bring to light the presence of
some of the rarer minerals, as in the case of the sapphires, but even the most ener
getic and intelligent prospector might spend years among the mountains before
making such another discovery.
Calcutta, 1889.

The supposed Matrix of the Diamond at Wajra Karur, Madras ; by Philip
Lake, B.A., Geological Surrey of Inaia. (With one plate.)
Wajra Karur is a small village in the district of Anantapur, lying about 10 miles
south of the junction between the Southern Mahratta and Madras Railways at Guntakal.
It has long been noted for the diamonds found in the neighbourhood, but until
a few years ago no serious attempt seems to have been made to discover the original
source from which these diamonds were derived. It was then found that at Wajra
Karur there was a peculiar rock presenting some resemblance to the matrix of the
diamond at Kimberley ; and this rock has since been extensively worked, but
apparently, with indifferent success.
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The mode of occurrence of this supposed matrix of the diamond has been de
scribed by Mr. R. B. Foote,1 who states that it forms a neck rising through the highly
epidotic granite gneiss of the neighbourhood. The precise nature of the rock
has not yet been accurately determined, chiefly on account of the great alteration it
has undergone.
The neck is made up of a decomposed greenish rock, rough and earthy-looking,
and very friable. A number of fragments of harder rock, some rounded, some
angular, are included in the neck. Some of these fragments are gneiss and felsite,
evidently derived from the surrounding country rock; but others are more like por
tions of the original rock less altered than the rest.
Numerous small veins and sheets of calcite penetrate the rock, and the earthy
part effervesces with hydrochloric acid.
Leaving out of consideration, for the present, the harder included fragments, the
main mass of the neck consists of a greenish earthy ground, in which lie small
porphyritic grains of a dark-brown mineral. These dark grains at first sight appear
to be talc pseudomorphous after augite. They have a greasy lustre and soapy feel, and
a tolerably well developed cleavage. The hardness is 1. Many of the grains are
prismatic in form, and the prism is sometimes terminated by two faces inclined to
each other ; but all the faces are very badly defined.
The talc-like mineral was examined by Behrens'8 microchemical methods (with
hydrofluoric acid, &c.) for potassium, calcium, and magnesium ; and was found to
contain only calcium and magnesium, the latter in larger quantity than the former.
By the ordinary chemical methods, it was proved to contain much aluminium, a little
iron, and a considerable quantity of combined water. It also contains a small
amount of carbonic acid. The presence of so much aluminium as was found proves
that the mineral is not a talc or serpentine.
The rock is too soft to yield a thin section for microscppic examination ; but a
rather thick section showed that it is almost entirely made up of small grains of the
talc-like mineral. These small grains are usually more or less oval or circular in
shape, and are often surrounded by a border of earthy matter. Some of the grains,
however, are more crystalline in form, and show two sets of cleavages like those
of augite. The polarisation is indefinite, and the mineral is probably a mixture and
not a definite compound.
A little calcite, both in grains and veins, and a very little magnetite, were found
to be present.
An analysis of a small portion of the rock (free from included fragments) gave—
Si O,
4473 per cent.
Als 03
1283
„
Fe9 O,
4 42
Ca O
10 35
„
•
Mg O
15 99
CO.
2-85
H2 O (combined)
....... 9 07
„
10024
1 Rec., G. S. I., XIX, p. 109; XXII, p. 39.
J Mikrochemische Methoden zur Mineralanalyse. Amsterdam, 1881.
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Subtracting the amount of carbonate of lime corresponding to 2'85 per cent, of C08,
the remainder must represent very closely the composition of the mineral forming the
greater part of the rock.
Many of the fragments of harder rock included in the neck are clearly derived
. , . ,.
from the surrounding gneiss : but others are quite different
Included fragments.
,
,
.
from any rocks occurnng anywhere 1n the ne1ghbourhood.
These are therefore most likely portions of the original rock less altered than the rest,
and several microscopic sections of them have been cut.
In two of these sections the rock was found to be made up chiefly of chlorite with
strong pleochroism. The plane of section is usually oblique to the cleavage, and
consequently the laminae of chlorite overlap one another ; but in some parts of the
slide the plane of section is at right angles to the cleavage, and the chlorite appears
fibrous. The polarisation colours are chiefly dull shades of blue.
Besides the chlorite there is a considerable quantity of augite present, mostly in
small prisms. A few larger crystals occur, and these appear to be made up of a
number of individuals similar to the small prisms. Sometimes the larger crystals are
partly broken up, giving rise to a confused mass of these smaller individuals.
When the section is examined under a high power without a cover glass, the augite
is found, in some cases, to be interlaminated with the chlorite. This is not so well
shown when the section is mounted in balsam.
There is a small amount of secondary felspar in minute grains filling up the
interstices in the chlorite. As a rule no cleavage is visible and no twinning, and it
is only by the use of convergent polarised light that the felspar can be distinguished
from quartz. In every case in which the axial figures were visible it was found that
the mineral was biaxial. In a very few of the grains twinning is well shown.
This felspar, as is so often the case with secondary felspar,1 is perfectly clear and
limpid.
A few small crystals of olivine occur imbedded in the chlorite. These crystals
are only altered to a slight extent along the cracks, and otherwise are perfectly fresh.
On treatment with dilute hydrochloric acid the olivine decomposed, leaving a palegreenish gelatinous residue.
Amygdaloids are found in these sections, but are not numerous. They have a
dark-brown border and a dark-brown centre, with a lighter-brown zone between.
Other sections show in general the same minerals, but the relative proportion
of the minerals varies. In some there is more augite, in others more felspar, and
there is usually less chlorite. The chlorite has evidently been formed by alteration
of the augite.
Some of the felspar is primary, and this has always been almost completely
converted into kaolin ; but it still shows the twin lamellae, which are frequently faulted
and sometimes bent.
In some cases a vein of augite given off from a crystal lying near, penetrates a
fault fissure in the felspar (see plate). The rock has evidently been subjected to
great strains which broke the felspar crystals and caused the augite to flow into the
nearest cracks. This must have taken place subsequently to the crystallisation of
the felspar and the development of the twinning.
Compare the altered parts of the Scourie dyke. Teal!, Q. J. G. S., XLI, p. 139.
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In other cases the augite is dragged out into irregular bands, and in all cases it
shows evident signs of having been subjected to great strains.
The primary felspar of the section figured was examined for alkalies and
alkaline earths by both Boricky's and Behrens' microchemical methods. Only a
small amount of sodium was found, but the felspar is too much decomposed to allow
us to conclude from this that it was originally a pure soda felspar.
In one section a few crystals of hornblende were found, but in the oiher sections
hornblende was entirely absent.
The included fragments that cannot be referred to the country rock are therefore
composed mainly of plagioclase and augite and their alteration products. A
plagioclase augite rock might very readily yield on alteration a rock having the
same chemical composition as the earthy part of the Wajra Karur neck, and it is
therefore highly probably that these included fragments are less altered portions of
the original rock forming the neck.
The " matrix of the diamond "at Kimberley, as described
Kimberley rock!"
* by the late Professor Carvill Lewis,1 is serpen1inous, the
original rock being composed chiefly of olivine. It was a true
peridotite without felspar.
The Wajra Karur rock is not serpentinous, and from the large amount of alumina
in it, it cannot have been derived from a rock like Kimberlite. It has been formed
by the alteration of a basic rock, but not of a peridotite.
The dykes of the granite gneiss region of Bellary and Anantapur are, so far as
they have yet been examined, of two kinds, one hornblendic
Karuxrock.
^a^ra and the other augitic, both containing plagioclase. Some of
these dykes are pre-Dharwar in age and others are Dharwar
or post-Dharwar ; but how far the difference of age corresponds with the difference
of composition is as yet unknown. In some cases at least, the plagioclase-augite
dykes are of post-Dharwar age.
,
To the east of the Bellary-Anantapur country, in the Kadapah and Karnul basin,
there is an extensive development of augite-bearing eruptive rocks.8 Some are
intrusive and others contemporaneous. All the contemporaneous flows occur in the
Cheyair group of the Kadapahs, and none of the intrusive rocks extend into higher
beds, so that probably all of them belong to this horizon.
It is probable that there are two series of plagioclase-augite rocks, v1z., the postDharwar, pre-Kadapah dykes, and the Kadapah trap-flows. To which of these the
Wajra Karur rock belongs, is uncertain. Olivine has been found in one of the
Kadapah flows and not hitherto in any pre-Kadapah rocks ; but the amount of
olivine in the Wajra Karur rock is very small, and it would be unsafe to base any
speculations on its presence.
1 Rep. Brit. Assoc., 1887, p. 720. See also Rec., G. S. I„ XXII, p. 48.
1 W. King , Mem., G. S. I. VIII, p. 195 et seq. Sections have been cut of the specimens
of these flows 1n the Museum, and all of them have been found to contain augite.
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Notes on the Sonapet Gold-field ; by Fritz NOETLING, Ph.D., Geological
Survey of Ind1a. (With two Plates.)
I.—Topography.
The area to be described is situated in Chutia Nagpur, in the south-east corner
of the Lohardagga district. Under present conditions it is far from any way of
communication, as the nearest railway line is not less than 70 miles distant from it
as the crow flies. It is, however, stated that the Bengal-Nagpur railway will pass
within 15 miles south from the Sonapet river; but it is quite certain that a consider
able time will elapse before the railway line is pushed so far to the south as to be in
the neighbourhood of the gold-fields. For the present the isolated situation of the
gold-fields must be taken into consideration, and it must be kept jn mind that
every piece of machinery will have to go by the expensive land route.
As a matter of convenience I divide the area examined by me into two parts,
which will be dealt with separately. The northern part is limited'by the Karkari
river in the north, the district boundary in the east, the northern slope of the lofty
Abunkabi hills in the south, and by a small feeder of the Karkari in the west.
The southern part includes the Abunkabi hills and the Sonapet valley.
(<z) The northern area consists mostly of open country, paddy-fields for the
greatest part. Isolated hills covered with jungle rise frequently abruptly from
the surrounding plains. These hills can, however, only be considered as detached
parts of the higher ranges to the south. The northern slope of the Abunkabi hills
is steep and much intersected by numerous ravines which discharge their water in a
northerly direction, so that the streams taking their origin in such ravines eventually
join the Karkari river. The country therefore slopes, very slowly, however, from
the foot of the hills in a northern direction ; that is to say, towards the Karkari,
which flows at some miles to the north nearly parallel with the hills. It is therefore
perfectly clear that all such alluvial deposits as river-sands, etc., v. hich are to be
found within the limits above described must come from the south. The accom
panying outline plan (Plate I) shows that all the streams running through this tract
drain only that particular part of the hills which lies north of the central range. It
may therefore be said that all the river-deposits, except, of course, those of the
Karkari itself, came from the hill tract north of the central range ; and any gold
therein found must have been derived from the same tract.
(£) The southern area includes the Abunkabi hills and the Sonapet valley.
The Abunkabi bills may be divided into three nearly parallel ranges. The central
range, which rises to about 2,800 feet on an average, forms a kind of semi-circle
open towards the south-east. The northern branch extends far beyond the limits
of the area examined, while the southern branch, which is much shorter, terminates
abruptly in a prominent hill. The southern range, which is considerably lower,
rising not more than 2,000 feet, follows closely the direction of the central range
along its inner side. Its northern branch, which also extends far beyond the
limits of our area, is distinctly separated from the central range by a deep valley
gradually widening towards the east ; while the central and southern parts, which
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are not so well separated, seem to form with the ceniral range one huge mass of
hills, terminating in the Sursi Tulsi hill.
The northern range runs parallel to the north branch of the central range,
with which it is connected in its eastern end by a flat, plateau-like depression, which,
however, deepens into a narrow valley towards the west.
The valley formed by the semi-circular turn of the central range is known as
the Sonapet valley : it is of a peculiar basin-like shape, the hills sloping towards its
centre from every side except from the east, where it has an outlet. The southern
hill ranges come, however, here so close up to their northern part as to form a com
paratively narrow gate of not more than 1f miles in breadth, through which the
Sona river runs. The valley, as thus defined, has an extreme length of f\ miles,
its greatest breadth being 3 miles; as it narrows, however, considerably in its upper
part, its total area can only be taken as 16'6 square miles, of which v% square miles
belong to the Singbhoom district.
The main drainage is represented by the Sona stream flowing in the longitudinal
axis of the valley in an east-south-east direction. The Sona receives its feeders
from north, West, and south ; but it must be particularly mentioned that its main
feeders are two streams coming from the north, which take their origin between the
central and the southern range, and after cutting narrow ravines through the last one,
deposit their detritus in front of them in the Sonapet valley. The western feeders
of the Sona are far less considerable, and from the south only a few insignificant
streams discharge their water into it. Taken all in all, the upper part of the Sona,
of 7$ miles ih length, drains a total area of not less than 50 square miles of hilly
and jungly country, which is quite sufficient to provide for a large supply of water
all the year round.
Prom this description it will be seen that all the gold, as far as it is found in
the alluvial deposits of the Sonapet valley, must be traced to strata within the area
bounded by the central range, and must therefore come from reefs, or from the
disintegration of the country rocks.
II.—Geology.
(a) General Geology.
The strata developed in the country just described belong to the gneissicr
transition, and alluvial formations ; the latter is, however, only the result of the dis
integration of the first one, Covering it in the shape of red clays nearly all over the
country, while in the shape of river-sands it is only developed in the valleys. The
two groups thus given may therefore be considered separately.
1. The gneissie formation.
The rocks belonging to this formation exhibit no peculiarity worth mentioning.
They are well displayed in the northern area, and it is highly probable that they occur
again in the Sonapet valley and also on the southern side of the southern hill range.
As they are, however, evidently of no importance for practical purposes, they may
only be mentioned here.
2. The transition series.
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This includes various schists, of which chloritic schist, mic1 schist, hornblende
schist, and hornblende rocks are the principal. These rocks are mostly of dark
green, bluish green, and dark blue, almost black colour, which makes them very
conspicuous wherever they outcrop. They have evidently been much altered by
great pressure, and it is not uncommon to find schists which have assumed a highly
trappoid appearance, as may be seen in the instance of the Parasi hill. My time was,
however, too limited to enable me to study the structure of the metamorphic rocks
and their connection with the gneissic formation in detail. But from what I have
seen, I believe they form two main folds represented by the northern and southern
branch of the main hill ranges, which are enfolded in the gneissic formation in such
a way that the latter appears again between the two ranges. The accompanying
diagramatic section (Plate II) will illustrate this relation of the two series.
In their various states of development the transition rocks form the main hill
ranges, as described in part I of this paper.
In close connection with and cutting through these rocks are veins, of which
two groups may be distinguished.
The first group represents dykes, probably of diorite, the second quartz veins.
The diorite dykes are less numerous than the quartz veins; these, however, cut
through the schists in every direction. I could not, however, ascertain whether one
direction is prevailing.
There are two different varieties of quartz ; the first and more common one is
amorphous, of a perfectly white colour and not honeycombed. It may be met with
everywhere in the area of the metamorphic rocks and is very common amongst
the pebbles of the river-gravels. The second variety is crystalline, and looks like
a breccia, as it consists of numerous single crystals cemented together in the same
direction,—that is to say, with their prismatic sides, the shape of the single crystals
however, being much deformed. A piece of such quartz affords therefore a highly
characteristic appearance, which cannot be mistaken The quartz is semi-lucid, of
brown or reddish-brown colour, the lines of junction between the single crystals
being sometimes filled out with a red stuff, probably hydroxide of iron.' This
quartz is honeycombed, and contains frequently a black mineral, probably tourmaline.
This variety I only noticed in the Sonapet valley near the village of Roladih:
as, however, it was nearly perfectly concealed by débris, I am unable to say whether
it forms a regular vein, or only a lenticular-shaped mass imbedded in the surround
ing strata. It is also an open question whether it belongs to the transition or
gneissic formation ; 1 feel, however, inclined to adopt the latter view.
In neither variety of quartz could I find gold ; and unless further discoveries
prove the actual existence of gold-bearing quartz, the question of the existence of
such reefs must remain doubtful. At any rate, the present examinations have not
yielded such information as to prove the existence of auriferous reefs.
3. The alluvial deposits.—The alluvial deposits, which are more or less deve
loped all over the country, are of two different kinds : different as regards the way in
which they have been formed, different also as to their appearance. They are the
following ones :—
(a) Red clay, including laterite.
(b) River sands and gravels.
c 2
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(a) Red clay.—The red clay is the result of the superficial disintegration of
chiefly the gneissic formation. I do not doubt that the disintegration of the transi
tion rocks will result in a similar product, but the typical red clay is only well seen
there where the gneissic formation is to be found underneath. The red clay is rather
tough, of dark-red colour, and contains a high percentage of iron, which is frequently
concentrated in small irregular nodules; it is frequently noticed that these nodules
are cemented together while the clay has been washed off, with the final result of
forming a bed of laterite, as for instance south of Tamar. If washed, the red clay
leaves a black, heavy, fine-grained sand, in which occasionally a small show of
gold may be found. The red clay is well developed in the northern plains ; it is
also to some degree found in the Sonapet valley, where the iron ore from it has
formerly been used for smelting purposes. My conclusion concerning the presence
of the gneissic formation in the Sonapet valley is chiefly drawn from the existence
of the red clay therein deposited. The red clay is much less developed in the hill
ranges, although it may be seen here and there.1
(i) River sands and gravels.—The river sands and gravels are especially found
in the valleys in various grades of coarseness. They chiefly consist of the debris of
siliceous schists and hornblende rocks, with numerous fragments of white quartz.
The finest sand is perfectly black, owing to a large percentage of magnetite iron or
titanite ; such sand resembles perfectly that obtained by washing the red clay ; it
may be considered as the special gold-bearing sand. Sand of this quality is parti
cularly noticed in the valley, between the central and southern range north of the
Sonapet valley; it is also noticed in all the small water-courses traversing the
Sonapet valley.
(b) Practical Geology : The gold-bearing deposits.
As far as I am able to judge from my examinations, it is only the alluvial deposits
which contain gold in any quantity to speak of. From the two kinds distinguished
.above, the red clay is very poor; the result of several hours' washing with about 16
men was a small show of gold. I must mention that I washed at a place which
had been pointed out to me as very rich in gold.
Better results are obtained from washing the river-deposits for gold; and as
these are especially developed in the Sonapet and adjoining valleys, it is to this
locality to which particular attention must be drawn. It is, however, very difficult for
the present to judge as to the quantity of the gold-bearing sands therein deposited,
because the actual surface of the rocks is very irregular; the deposits may therefore
be thick at one place, while a few yards distant from it they are reduced to a few
inches in thickness. But assuming the area over which the gold-bearing alluvial
sands are deposited to be 15*3 square miles, and supposing further that the average
thickness is not more than 3 feet, the total quantity would amount to 1,280 millions
of cubic feet ; now, supposing that 40 cubic feet of sand are one ton weight, the
total quantity would amount to 32 million tons; supposing that £ million tons would
be washed every day, the probable existing quantity could only be exhausted in 64
1 Very naturally so, there being little holding ground for such ; but it is really not at all so
clear that the red clay in the lower grounds may not after all have resulted from the disintegra
tion of the transition rocks forming those hills.— Ed.
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years.1 In New South Wales the lowest return of gold in one ton has been 4*34
grains ; now, supposing that the Sonapet sand contains the same percentage, the
annual yield would amount to about 4,500 ounces ; even if the quantity is reduced
to 2,500 ounces, the yearly profit would be a considerable one.
The Sonapet gold-bearing strata are therefore what is known in the language of
the gold-miners as "shallow placers" or shallow diggings ; and the stage of exploit
ing them should therefore be adapted according to this way of occurrence. The
hydraulic way would certainly be the best, but I suppose that it will be very ex
pensive.
(f) The origin of the gold in the Sonapet valley.—It is a very general be
lief that gold which is found in alluvial deposits of a stream or river must come
from some rich veins, which ought to be found in that part of the country where
the stream or river takes its origin. It is true, of course, that the gold must
come from somewhere in the upper parts of such a river; but it does not
necessarily follow that it comes from rich veins. The gold which is washed out
of the sands in the lower part of the river was very likely originally disseminated
through thousands of tons of rocks, which have been slowly but constantly disinte
grated during past ages. . The final result of [such a long lasting process is a
relatively small quantity of refuse in which all the heavy minerals, or those which do
not disintegrate easily, have been concentrated, amongst them the gold first of all.
Therefore strata which, originally poor in gold, can produce deposits comparatively
rich in gold, but if these have been exhausted, it is of no use to exploit the original
matrix.
To confirm the above, I quote here such an authority as Lock. In his work
" Practical Gold-mining," page 1 36, he says : " In these shallow diggings nature has
for ages been performing the work for which the quartz miner must invent all
manner of machinery, and employ a vast amount of capital and skilled labour—the
disintegration of the gold-bearing rock and the concentration of the metal, which
under its original condition disseminated through quartz and other hard rocks, often
in invisible proportions, would have needed vast amounts of capital and much
machinery for its elimination, and would in many cases not have repaid the outlay."
I think it useful to begin this paragraph with such theoretical explanations, because
I am quite sure that a similar way of reasoning will apply in the case of the origin of
the Sonapet river gold. I often heard the theory expressed that because there are com
paratively rich alluvial deposits in the Sonapet valley, there must be rich quartz reefs
and veins somewhere in the surrounding hills. This does not follow by any means,
as the reasoning at the beginning of this paragraph has shown; it is more likely that
the gold is disseminated in very small proportions through the metamorphic rocks,
and that it has been concentrated in the Sonapet valley which forms a kind of natural
basin. It has been concentrated here in the same way as the gold-washer concen
trates it artificially in his washing trough : the bulk of the refuse having been
washed off.
1 There is altogether too much assumption and supposition in this estimate. It falls to the
ground on the assumption that there can be gold distrIbuted throughout the assumed average
thickness of three feet; while it would be absurd to think of running a peopled and cultivated
valley through a gold mill for 4-34 grains to the ton of dirt.—Ed.
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Such is my theory about the original matrix of the Sonapet gold ; there may be
quartz reefs, I will not deny that ; but if they do exist, Ihey have still to be dis
covered. At any rate I have not seen them. I examined a locality which had been
pointed out to me as the outcrop of a rich rock, very carefully. Nor did I notice
the characteristic and unmistakeable " blue quartz " of the Mysore gold mines. I
carefully looked amongst the pebbles in the river-beds for this variety of quartz, but
I have never found it ; and feel inclined to doubt its existence, although I will not deny
it, as the geological conditions are very similar to those of the Mysore mines.

♦

Field notes from the Shan Hills {Upper Burma), by FRITZ NOETLING,
Ph.D., Geological Survey of India.
Echinospharites limestone.—When I first visited the outskirts of the Shan
plateau, east of Mandalay, I was surprised to notice a series of limestones which bore
the strongest resemblance to certain limestones of the lower silurian system of
Sweden and western Russia. The lithological appearance of some of the beds is
striking; like the echinospharites limestone of the Baltic provinces they are of a
greenish-grey colour, and even the characteristic rough or, better, honey-combed ap
pearance of the upper surfaces of the beds was not wanting in the limestone of the
Shan hills. Other beds consisted of a red ferruginous, shaly limestone which bore
the strongest resemblance to the rock forming the boulders of the red orthoceras
limestone found in the diluvial deposits of northern Germany. I looked however in
vain for fossils, and except an indistinct fragment of the stem of a crinoid, I could not
discover anything else. Now this was certainly not sufficient to arrive at a conclusion
as to the age of this limestone series. From a stratigraphical point of view I had
however formed the idea that this strata must belong to the palaeozoic group, although
the actual proof of this theory would have been difficult owing to great dislocations
at the western outskirts of the Shan plateau.
I have been more fortunate on a Subsequent occasion in my search for fossils,
and although the fossils are not particularly well preserved, being very much dis
torted and crushed they are sufficient evidence to settle the question of the age of this
limestone. A little beyond the 24th mile from Mandalay the road cuts through
shaly limestone of deep red colour. I found in this limestone numerous fragments
of fossils, of which I collected and determined the following species.
Crinoidarum sp. indet. No. 1.—Occurs as stem fragments up to 35 mm. in length
and 8 mm. in diameter. It consists of low links of about 1, 5 mm. in height, which
are either smooth or show one or two slight ringlike furrows. The round central
tube is wide ; in one instance where the diameter is 8 mm. the diameter of the central
channel is 4 mm.
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Crinoidarum sp. Met. No. s.—The links of the stem are similar in appearance
to those of No. 1 ; but instead of being perforated in the centre by a wide round
channel they are perforated by a narrow channel in the form of a five-rayed star.
Both specimens are very common either in isolated links or fragments of the
stem, but it is only on the weathered surfaces of the beds that they can be well seen.
Echinospharites Kingisp. nov.— A gigantic species of this well-known genus ; one
of the specimens measures 160 mm. in diameter, and allowing for the distortion
which the specimen had undergone, it certainly must have measured originally not
less than 80 mm. in diameter. The irregularly polygonal plates and their furrowed
surface can be well seen, so that there can be no doubt about the identity of this
huge species.
Orthoceras sp. indet.—Fragments of an orthoceras belonging to the group of the
*' regulares" are common though much crushed. The chambers are low and
numerous; I counted 1 7 in a fragment of 35 mm. The sipho lies central. The
species reached a considerable length as the fragments preserved prove, but better
material is wanted to make out the species. These few fossils, however few in
number and fragmentary they are, prove certainly the lower silurian age of the red
and greenish-grey coloured limestone. The presence of such a characteristic form
as an echinospharites even permits the identification of the exact horizon of the red
limestone : it is an equivalent of the echinospharites limestone of the Baltic prov
inces. It not only contains the same fossils but also strongly resembles the latter
lHhologically. How can we account for such a strange phenomenon as this ? We
find here a fauna under 22° northern latitude which is precisely the same as found in
the Baltic provinces (59° to 6o° N. Lat.), whilst the silurian fauna of the Hima
layas approaches much closer to the silurians of Central Europe. The fauna of the
lower silurians of the Himalayas is as different to that of the Shan hills than is the
Silurian fauna of Bohemia to that of England. It must therefore be assumed that
a branch of the Arctic province of the ocean by which the lower silurian beds were
deposited reached at least to 220 N. Lat. of the Indo-Chinese peninsula; it is
even likely that it extended still further to the south as the limestone beds of the
Shan hills are again met with in Tenasserim. I hcpe that on my return march I
shall be able to collect some more fossils from this interesting locality.
Match soth, /Spo.
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A description of some new species of Syringosphaeridx, with remarks
upon their structures, &c, by Professor P. MARTIN DUNCAN, M. B.,
London, F.R.S., etc. (With three plates.)

CONTENTS.
I.—Introduction.
II.—The nature of Heterastridium, Reus*, and the Rule of Priority.
III. — List of the species of Syringospharia herein described.
IV.— Description of Syringospharia medlicolti ; Syringospharia intermedia; a notice
of a variety of Syringospharia plana ; and of Syringospharia monticularit,
var aspera. Dune.
V.—Description of the Plates I—3.
I.— IntroductIon.
L The Karakoram stones, the Syringospharida nobis, were somewhat fully de
scribed by me in 1878 and the specimens which I had then the advantage of
studying were in fairly good condition. The fossils formed part of the collection of
the late F. Stoliczka, Palaeontologist to the Yarkand Mission, and indeed were
obtained by him shortly before his death, from triassic strata in the Karakoram
range.
The collection was forwarded to me for description by the then. Director of the
Geological Survey of India, H. B. Medlicott, Esq., F.R.S., through Dr. W. T. Blanford, F.R.S. It was understood that the descriptions and plates should form part of
a volume of the Scientif1c Results of the second Yarkand Mission to be published by
the Indian Government as a kind of memorial to F. Stoliczka. The work appeared
in 1879.
A collection of the fossils and several sections of them which had been studied
and drawn were placed in the National Collection in England. After I had
described the Syringospharida, I found to my considerable annoyance that I had
not had all the collection sent to me from Calcutta; but Dr. Blanford was good
enough to interest himself in the matter, and I was promised the rest of the
specimens. They arrived after an interval of some years and this communication
is the result of their study.
In the interval, some opinions regarding the affinities of the Syringospharida had
been promulgated and they were asserted by some of that modern school which
criticises and does no original work, to belong to the Parkeria of Carpenter and
Brady. Both were spheroidal and had tubes inside and nodules outside, and there
fore they must be the same. At that time I had specimens of calcareous Parkeria
and it had been shown by Carter that the original condition of ParkericE was not
'' arenaceous," so it was possible to compare the Syringospharida with the gigantic
Parkeria. As in the genus Sloliczkaria nob. there are no internal spaces which are
so characteristic of Parkeria and as in species of Syringospharia the number and
distribution of spaces varies greatly, I began by comparing Sloliczkaria with
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Parkeria and the communication to the Geological Society (Quart. Journal, Geo
logical Society, Vol. xxxviii, 1882, p. 69), explained the distinctness of the two
groups.
One good came out of this unnecessary work, and it was the proof that in one or
two of the figures given in the Memoir on Syringospkarida, the intertube structure
had been called tube. The error made no difference to the correctness of the specific
diagnoses, and it is interesting to know that in the specimens lately examined,
my very able artist decided- that in places it was impossible to say what was tube and
what was intertube.
In January 1888, I learned to my great surprise that specimens of the group had
been sent by Mr. Medlicott to Dr. H. A. Nicholson, and that this very hard-working
palaeontologist was about to publish proofs that the Syringospharida were Hydrocorallines, and that he could show structures which certainly I had not seen or
figured. The specimens could not have fallen into better hands than those of my
friend, but it would have been better had 1 been informed of the fact, as it will be
necessary now for me to show that Dr. Nicholson might have received some, I trust,
satisfactory enlightenment from me.
However, the wished for specimens came at last, and 1 have to thank Dr. Wood
ward, F.R.S., of the British Museum, for having the requisite thin sections cut and
the able lapidary of the Museum, for the pains he took with the specimens.
The examination of the new specimens brings to light two new species of
Syringospharia, and specimens of two established species.
The structural details are often beautifully seen in the sections, and all the state
ments I made regarding the nature of the cones of tubes and the inter-cone
structures, of the tubes themselves and the intertube, and of the spaces and pores, in
the Results of the Yarkand Mission, 1889, hold good. There is little to add regard
ing the morphological elements of the forms, although the arrangement of them
varies interestingly. One species, Syringospharia medlicolli, links Sloliczkaria
to Syringospharia more than any other, for the pores and spaces are exceedingly
few in number and the conical masses of radiating tubes are well defined.
As the occasion has not yet arisen, it is not necessary to do more in this com
munication than describe the new species ; but before passing on, it is advisable to
refer to a statement involving the genus Heterastridium, Reuss.
II.— On the so-called genus, HeterastrIdIum, A. E. von
Reuss, 1865.
The late Prof. A. E. von Reuss was a very accomplished palaeontologist, and the
numerous species of Madreporaria, Foratnini/era, and Bryozoa, which were studied
by him, were most carefully described and delineated. He was a truly scientific
worker. Probably no one had a grealer knowledge of the mesozoic and tertiary
Madreporaria than my friend, and I venture to say that he was much more likely to
recognise a Madreporid than some British palaeontologists who, whilst distinguished
as critics, have never done any original work in the group. I had that belief in von
Reuss' powers that I did not hesitate to admit Heterastridium as one of the group
in which Reuss placed it, and I shall require some very definite proofs before I
believe that the genus refers to the Syringospharida (nobis).
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Heterastridium was described by von Reuss in Sitzungsb. d. Wicn. Akad. 1865,
Bd. 51, p. 385, PI. I-1II. the title of the communication was " Zwei neue Anthozoeu
aus den Hallstadter Schichten."
On p. 390 of this work, Reuss wrote that the forms belonged without doubt
(" Keinem Zweifel ") to the division of Madrcporaria with perforated walls. He
observed that the presence of spongy ccenenchyma distinguishes the forms from the
Poritida and approaches them to Madrepora. He remarked, "I give the genus
on account of the existence of distinct calices (sternzellen) and of tube cavities, the
name of Helerastridium."
It is now published, by the latest author upon systematic palaeontology—" In 1865
Prof. Reuss published descriptions and figures of some fossils from the Alpine trias,
for which he had proposed the generic name of Heterastridium. It is clear from
these that Heterastridium is very closely allied to Stol1czkaria, ii not absolutely identi
cal with it. In case of the identity of these two genera being established, the name
of Stoliczkaria will have to be abandoned in favour of that of Heterastrid1um, the
latter having been published first." (A Manual of Palaeontology by Nicholson and
Lydekker, 1889, V. I., p. 227, foot-note.)
Now I beg to differ from Dr. Nicholson, who informed palaeontologists in January
1888, in the Annals and Magazine of Natural History, that he was about to prove
that the Syringospharida belonged to the Hydrocorallina of Moseley, and who in the
interval—for the proofs have not come to light—publishes the foot-note copied above.
As Dr. Nicholson will publish his proofs, I must wait before replying to his state
ment that the Syr1ngospharida are Hydrocorallina ; but the dictum regarding the
possible alteration of the nnme of the genus 1 named after F. Stoliczka, may be
answered and contradicted at once.
F1rstly, Dr. Nicholson has unfortunately mistaken the characters of the genus
Stoliczkaria, Dune. (Sci. results of the second mission to Yarkand, Syringosphee' ridee, 1879, p. II.) Amongst other characters there given, is the negative one, which
gives the generic stamp " No pores exist." Dr. Nicholson has figured a section
which he considers to il'ustrate the minute structure of Stoliczkaria, op. cit., p. 228,
fig. 113, B. and the pores (spaces) are seen in vertical section. It is not a section of
a Stoliczkaria. The figure given by the same able author, in illustration of the
shape and surface of Stoliczkaria granulata, Dune, on his p. 228, fig. 112, is not of
the species or genus, but is clearly my Syringospharia porosa ; the section I have
criticised is also a part of a Syringospharia.
The reticulate columella of Dr. Nicholson is a tubular mass which opens out at
the bottom of a superficial pore—see the structure illustrated in this communication ,
PI. fig. 3 ; it in no way represents the columella of a Hydrocoralline.
Having shown that the genus Stoliczkaria, which has no spaces or pores inside
and outside, cannot be the same as Heterastridium which has them, it is necessary
to say a few words upon the rules of zoological nomenclature in regard to the value
of " priority."
It is the result of careful and judicious consideration that permits an author who
has diagnosed a genus correctly, and who has so described its structures and charac
ters that the genus can be recognised, to have the generic name which he gave
recognised and perpetuated.
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Heterasiridium, Reuss, 1865, has the structures and characters of a perforate
Madrtporarian ; there are none of the structural and distinctive characters of any
genus of Syringospharida in Reuss' descriptions. No one would recognise a
Syringospharid from the description. I therefore decline to admit the priority of
my late and much esteemed friend von Reuss in this matter, and, on the contrary, I
claim that if HeterasIridium should turn out to belong to one of the genera I de
scribed in 1879, it will have to merge into it.
It is perfectly evident after the study of the specimens now brought before the
notice of palaeontologists for the first time, that they are of the same tubular charac
ter as those already described, and that they present none of the essential arrange
ments of structures characteristic of Hydrocorallina.
III.— LIst of thb species descrIbed and from the collection
NOW UNDER CONSIDERATION.
Syringosphania medlicotti, sp. nov., Plate I & II.
„
1ntermedia, sp. nov. ,, III.
„
plana, Dune, variety.
„
monticularia, Dune, var aspera.
IV.—Description of new specIes of Syringosphxria.
The most important of the new species of Svringospharia is Syringospharia
medlicotti, and the type specimen is so well preserved, both externally and within,
that it would have been very acceptable had it come to hand during the examination
of the forms which were described for the work on the second Yarkand Mission.
The difficulty of understanding the internal construction of the specie9 which were
first described, was considerable, on account of the liability of confounding the tube
structure with the intertube material. That this was done in more than one instance
there is no doubt. But in the instance of the specimens of the new species the mis
take cannot be made, and the distinctness of the structures is evident. Nevertheless
there is, at one spot of a piece of the type of the new species, a condition of the
intertube material which simulates the tube structure in a very interesting manner
and the intertube seems to be, but is not, hollow.
Sections of the type were made at the British Museum, and some were tangential
so as to cut across the series of conical masses of radiating tubes not very far from
the surface of the body ; others were equatorial, and in parts of them the radiating
cones were of course cut longitudinally.
The species has the generic characters well maintained and the tubes are in
many ser1es of cones, with the bases external, all radiating from the centre of the
body; each tube varies in length, is subject to twist and to depart from the radial
course for a certain distance and to return, to bifurcate, to become moniliform, and
to unite by offshoots with neighbouring tubes ; but the diameter varies very slia-htly.
The lumen of each tube is separated from those of its fellows by a space which is
rarely greater than one half of the tube's diameter, and this intertube is occupied by
a calcite which is differently coloured, as a rule, from that which fills the tubes.
Again, each system or cone of tubes is separated from its neighbours by a greater or
less thickness of irregularly disposed tubes, which are usually smaller than those of
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the cones and they have very thin intertube structure. This intercone structure is
often quite without definite histological elements, but occasionally the tubes of it
are filled with a dark opaque substance and then become visible. The cones ter
minate at the surface of the body in conical elevations, and also in small wartybodies. Few " pores" with tube endings on their floors exist on the surface of the
body and they are to be seen within it also. The arrangements and combinations
of these structures determine species.
Syringospharia medHcotti, sp. nov. Plates I and II, figs, 1 — n.
The body is moderate in size, sphaeroidal, or it may be longer than broad and
broader than high ; the sides are symmetrical. Externally the body is covered with
small, broad-based, low, conical projections, either slightly compressed laterally at
the top or nodular there ; they are somewhat variable in size, and have their circular
bases rather close. Numerous small warty projections are placed between and upon
the flanks of the cones. Spaces or pores are very few and small, somewhat irregular
in shape, often at the base of a wart and more or less overhung by it, or upon the
flank of a conical prominence.
Height of body 34 and 37 mm., breadth 43 and 47 mm. About three cones
and their interspaces occupy 4 to 7;mm. Common breadth of a cone 2 to 5mm.;
height 1 to 5mm.
, ...
The surface of these external structures is crowded with the endings of radially
disposed, obliquely placed and even gyrose, tube endings, separated by narrow in
tertube structure, very irregular in places and often incomplete, more or less project
ing and often granular. The regularity of the shape and position of the tube end
ings is considerable upon the conical projections, and the intertube material often
presents a radiating direction from the top of the projection cross bars also limiting
the tubes. The running of the tubes in direction more or less parallel to the surface
before turn1ng directly outwards, complicates the appearance.
Tubes open in a similar manner on the warts, and where a space or pore can be
well seen, its boundary is of tubules. Between the conical projections is the outer
or superficial termination of the intercone structure, it is less regular as a rule than
that of the cones, and is often small and confused ; but it is to be remarked that there
is not always an histological distinction to be made between the intercone structures
internally as at the surface of the body.
Internally, the tangential sections show numerous small, separate systems of
tubes, variable in diameter, separated by narrow intercone structure; or the arrange
ment may be slightly confused by the tubes of warts and the presence of spaces.
The lumen of a tube is usually of greater diameter than the breadth of its limiting
intertube structure, is rarely perfectly circular, and is largest in the tubes remote from
the axis of a cone. There is some symmetry of the linear and radiating series of
tube openings, bounded by distinct radiating lines of intertube and crossed by others.
Each system of tubes which finally ends in a conical projection, is fairly separated
from its fellows. The intercone structure is usually confused. The spaces show a
line of intertube structure more or less around them, and tubes entering their floors.
The diameter of the tubes of the cones is from 1-330 to 1-500 inch; some close to
the axis are 1-1,000 inch, and this is the usual diameter of the intercone tubes or
even less in places, 1-2,000 inch.
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Radial sections of the body show the systems of cones narrow at the centre en
larging towards the periphery and ending in surface cones and warts. The tubes
are fairly straight for some distances, but dip away suddenly, a crossing line of
intertube being then seen, or they bifurcate or send off a junction tube. Near the
edge of the section the tubes are oflen filled with opaque material, and then their
closeness, moniliform shape, junctions and twistings may be appreciated.
The intercone material is also very indefinite longitudinally. The spaces are
often very long, and the lateral limitation by intertube calcite and the entry of tubes
centre-wards and the exit of others towards the peripheral end, are well seen.
The intertube structure seems to have a portion near to one tube more or less
separate from the portion close to the next tube. Sometimes a definite line occurs
there and usually an indefinite, ragged, dark tint denotes the position of possible
separation. Some of the intertube structure crosses the tubes at right angles, but
much of that appearance is produced by the cleavage of the ralcite of the tube.
Syringospharia intermedia, sp. nov. Plate III, figs. 12— 18.
The body is rather large, depressed, and ellipsoidal in vertical, and circular or
ellipsoidal in equatorial section ; broader than high, very symmetrical. Height of
type 36mm., breadth 43mm., length 60mm. Another specimen is 44mm. in height,
but the body is more circular in marginal outline and the length is 53mm.
The surface has rather wide apart, irregularly spaced, small, low, biuntly conical,
more or less deformed tubercles, varying in size. In the interspaces are greatly
crowded, very small, warty prominences, amongst which are very few irregularlyshaped, small pores, except in one or two places where they are numerous; the
pores may also be at the sides of the bases of warts and upon the flanks of tubercles.
The usual reticulation of tubes and intertube structure occurs.
The pores may or may not have a raised rim around them consisting of intertube
calcite. Tube ends may be seen on the floors of some pores, as in pi. I, fig. 3.
Sections show the generic characters very well, and also that the radiating conical
series of tubes, the tube systems, although mostly very large, are unequal, and that
there are small tube systems especially in the confused intercone structure. These
mostly refer to the tubes of wart-like projections. The warts in section, below the
surface, present all the structural characters of the tubercles, and are small, crowd
ed, or not, with tubes and intertube structure The number of the tubes varies with
the diameter of the wart, and there may be many or merely three or four tubes
to a wart. There is much difficulty in distinguishing between tube and intertube
structure, for this last is sometimes stout and coloured like a filled-up tube ; but
usually the tubes are larger than the intertube structure. The tubes, even close to
the surface of the body, are not constantly radial in direction, and there is much
bending, joining, sudden return to the radial direction and geniculation. The pores
appear as vacant spaces in tangential and longitudinal sections of the body; they are
more numerous than their external distribution would lead one to believe. They are
more or less circular or deformed in outline in the tangential sections, and they are
narrow and elongate in the radial sections. (Plate III, figs. 13 and 15.) A pore is
thus a chamber in the body more or less cylindrical in shape. The diameter of a
pore (in section) is from a quarter to one half of a millimetre, the height of a
chamber may be 1mm. The sections prove that the chambers are in the midst of
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the tubes of the body and are vacant spots. The tubes enter the base or proximal
end of a chamber and may be three, four or five in number, and their intertube
material suddenly ceases. The sides of the chamber are limited by tubes. Distally, the space is covered with a thin layer of intertube, and tubes start on their way to
the superficies from that structure. At one spot close to the surface of a body (Plate
III, fig. 1 8), the dark infilling of some tubes has entered a chamber, and there are
slender offshoots to be seen from the tubes on either side to the space or chamber ;
tubes pass off distally towards the superficies.
The intercone structure is very confused.
Diameter of base of a tubercle, 1 to 2mm., some in transverse section 2 to 3mm.
Height of tubercles 2-5 to 5 mm. The warts 2'5mm. broad. Distance of tuber
cles variable from 2 to 5mm.
Syringospharia plana, Dune. Sci. Res. Sec. Yarkand Mission, 1879, P- 14This species is represented in the collection lately sent to the British Museum, and
the specimens have an oblately spheroidal shape, and the surface of the body is
nearly smooth, there being some few low, rounded off tubercles and numerous
granules : the pores are small and scattered. In sections it is noticed that the
conical systems of tubes are few and large : in some cases they are well defined at
their circumference, but in others they merge into a confused intercone structure.
The tubulation of the cones is large, coarse, and close. The spaces are fairly
numerous, and are placed without order in any position. As the best specimen has
decidedly more tubercles upon it than the type, 1 have placed it as a variety.
5. plana, Var. with several tubercles.
Syringospharia monticularia, Dune. Var. aspera. Duncan, op. eit., p. 13, 1879.
This interesting variation of the species, 5. monticularia, is represented in the
collection by a small specimen. The microscopical characters are exceedingly well
shown, and the number of small cone-systems crowded together is remarkable. Each
system is small, and relates to a wart at the surface, the number of tubes in it is
small. The larger cone systems correspond with superficial tubercles. In one of the
longitudinal sections the tubes are wonderfully distinct and wavy, geniculate,
straight for a little distance and bent ; they evidently have a true wall as was noticed
by me in the case of other specimens. Having examined a considerable number of
specimens in sections, it appears that the body of a Syringospharid is composed of
tubes with walls of varying thickness which fuse and produce intertube structure; or
which do not fuse and then bound spaces.
V.—DescrIptIons of the Plates.
Plate I.
Figure 1. Syringospharia medlicotti, sp. nov.
View of the exterior, showing the surface endings of cones and warts
(placed within an ellipse denoting the size and shape of the body).
Central figure, mag. 3.
„
2. Same species. A view of the outer surface of a cone showing the circular
and elongate and deformed openings of the tubes, separated by projecting
intertube material. Mag. 20.
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Figure 3. Same species. Surface of body showing a pore, or space; it is sur
rounded by tubes, and tubes open on its floor. Mag. 75.
,,
4. Same species, a tangential section, thin, showing sections of tube-systems,
or cones cut across (the smallest system is that of a " wart ") ; the intercone or inter-system, badly differentiated, surrounding space is seen.
The three vacant spaces are " spaces," and would be pores at the sur
face. Mag. 15.
„
5. Same species. A pore and its surrounding tube matter, many tubes cut
across, some circular and others elongate. Tangential section. Mag.
75. (The lumen of a tube is light in tint.)
„
6. Same species, tangential section near the surface and reaching it. The
tubes are filled with dark matter, and the intertube matter is lighter in tint.
The opening of the tubes at the surface is seen, and also the irregular
mesh-like structure of the intercone structure. Mag. 75.
Plate II.
Syringospharia medlicotti.
Figure 7. A longitudinal view of part of a cone or tube-system, and a portion of
an intercone. The tube structure is light in tint and the calcareous
intertube material is dark. The cross bars refer to sudden bendings
of the tubes. Mag. 75.
,,
8. Same species. Longitudinal view of a part similar to figure 9. The
tube part is lightest in tint.
„
9. Same species. Tubes and intertube structure cut across. The dark
lines in the intertube when seen in longitudinal section simulate inter
nal hollows. Mag. 250.
„ 10. Same species. A longitudinal view of a space or pore, surrounded by
tubes and intertube. Mag. 75.
„ 11. Same species. A thin section made at the base of a mamelon or out
side cone ; the irregular shape of the tubes seen cut across, is shown
and they are light in tint.
Plate III.
Syringospharia intermedia, sp. nov.
Figure 12. The surface slightly magnified, showing the numerous warts and few
cones ; the ellipse indicates the shape and size of the body.
„
13. Same species. A transverse section of a cone system with a space or
pore central. Mag. 75.
„
1 4. Same species. A tangential section, near the base of cones, the dense
intertube is dark, the small tubulation (cut across) is light : a space or
pore is filled with dark matter, and the intercone space is indistinct and
dark. Mag. 50.
„
15. Same species. A longitudinal section showing the long, narrow de
formed spaces or pores, surrounded with tubes and intertube. Mag. 20.
„
16. Same species. Tubes filled with dark matter near the surface of the
body, in longitudinal section. Mag. 50.
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17. Same species. Large tubes opening out at the surface, seen in longi
tudinal section. Mag. 50.
18. Same species. The tubes and a space are filled with dark matter,
showing their continuity and the nature of some offshoots, and simple
separate tubes. Mag. 75.
10th fanuary, 1800.
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GEOLOGICAL SURVEY OF INDIA DEPARTMENT.
TRI-MONTHLY NOTES.
3. End1ng 30TH Apr1l 1890.
Director's Office, Calcutta, jotA April 189o.
The staff of the Survey is at present disposed in the following parties :—
Madras Party.—R. B. Foote, f.g.s., Senior Superintendent, Bellary District.
Burma Party.—Theo. W. Hughes Hughes, a.r.s.m., Superintendent.
Tom D. LaTouche, b.a., 2nd Grade Deputy Superintendent.
Fr1tz Noetl1ng, Ph.d., Palaeontologist.
Baluchistan Party.— R. D. Oldham, a.r.s.m., 1st Grade Deputy Superin
tendent.
Sub-Assistant Kishen Singh.
Sub-Assistant Hira Lai.
Salt Range Party.— C. S. M1ddlf.m1ss, b.a., 2nd Grade Deputy Superin
tendent.
P. N. Datta, B.Sc., Assistant Superintendent.
Dar/iling and Sikkim.—P. N. Bose, B.Sc., 2nd Grade Deputy Superintendent.
Head Quarters, Calcutta.—C. L. Gr1esbach, c.1.e., Superintendent.
P. Lake, b.a., Assistant Superintendent.
The Director is at present on tour in Baluchistan and the North-Western Frontier.
The Government of India has been pleased to grant an extension of service for
another year to each of the following officers :—
Dr. William King, Director, Geological Survey of India.
Mr. R. Bruce Foote, Senior Superintendent, Geological Survey of India.
Mr. Theo, W. H. Hughes has been granted special leave for six months on
urgent private affairs, from the date on which he avails himself of it.
Mr. Tom D. LaTouche, who accompanied the Chin-Lushai Expedition to
Haka, returned to Rangoon via Kalewa and Minbu. He was deputed to Mergui to
relieve Mr. Hughes; but as the rains will soon prevent work being carried on at the
mines, the Chief Commissioner of Burma deems it unnecessary for any officer to be
sent to Mergui at present. Mr. LaTouche will therefore return to Head Quarters
at Calcutta.
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List of Reports and Papers sent in to Office for publication or record
during February, March, and April 1890.
Author.

Subject.

Disposal.

Report on the geology and economic re Will be published in the
sources of the country adjoining the Sind- Records of the Geo
Pishin Railway between Sharigh and Spin- logical Survey of
tangi, and of the country between it and India, Vol. XXIII,
Khattan.
Pt. 3.
Special report on the most favourable sites Published in the Re.
R. D. Oldham
for petroleum explorations in the Harnai cords of the Geological
Survey of India, Vol.
district, Baluchistan.
XXIII. Pt. 2.
The supposed matrix of the diamond at
P. Lake
Ditto.
Wajra Karur, Madras.
Field notes from the Shan Hills (Upper Burma)
Dr. F. Nobtl1ng
Ditto.
Prof. P. M. Duncan, A description of some new species of SyringDitto.
osphaeridae, with remarks upon their struc
London
tures, &c.
R. D. Oldham

List of assays and examinations made in the Laboratory, Geological Sur
vey of India, during the months of February, March, and April
. 1890.
Substance.

Result.

For whom.

Alluvial gold, from the Mackillican & Co.,
gravel bed, Koel Calcutta.
river, Chota Nagpur.
Manganese ore, from R. B. Foote, Geolo Contains :—
a miles south of gical Survey of Hygroscopic moisture
.
. '^7°J°
Kanevihalli.
India.
Available oxygen
.
.
. 7 33 /°
Some Fe, Al, trace of Ba, Ca, and insoluble
matter—mainly silica.
Quartz for gold, from G. T. Peppe, Ranchi.
Sonapet.
Six samples of quartz J. H. Atkinson,
for gold.
Calcutta.
Iron ore .

»

Hoare, Miller & Co.,
Calcutta.

Coa , from the bed of The Consulting En
the Eeb river, Rai- gineer to the Gov
garh-Hingir coal
ernment of India
field.
for Railways,Central
Division, Nagpur.

Moisture
•
Volatile matter
Fixed carbon
Ash

427
24'53
1740
IOOOO

Does not cake— sinters slightly.
Color of ash—buff.
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List of assays and examinations made in the Laboratory, Geological Survey of India,
during the months of February , March, and April 189o—continued.
Substance.

For whom.

Result.

Coal, from Darjeeling P. N. Bose, Geologi
cal Survey of India.

n;. N.°.7,- Chunkholaor
Pit No. as,
P'.'
P1t No. 3
Lisu Valley. Galley""
Moisture
Volatile matter
Fixed carbon
Ash .

Minerals sent for de
termination .

'454
886
6396
12*64

4'2I
1409
6256
19 14

16-1o
■S'47
1658

lOO'OO
10000
A1h— grey,
cakes strong- Ash—pate Ash—reddish
ly and forms brown; cakes gray; cakes
a light tnm1d strongly.
strongly,
coke.
Sir Alexander W il- A = Quartz stained with iron.
son, Calcutta.
B — Crystals of iron pyrites changing into limonite.
C = Argentiferous galena.

Coal, from No. 2 Kilburn & Co., Cal
borings at Jamgram cutta.
Raniganj
Coal
field.
Specimens of clay G. B. Reynolds, Only one out of the three samples received,
stood the test required for firebricks.
from Warora and Warora, C. P.
Wardha.
" Supposed matrix of Geological Survey of : Contains: —
SiOj
the diamond " from India.
FeaO,
Wajra Karur,
AlsO,
Madras.
CaO
MgO
CO,
HjO (combined)

4473
442
1283
1035
15 99
285
907
100 24

Two samples of quartz Mackillican & Co.,
for gold, . iron Calcutta.
pyrites, and pyrolusite.
Coal, from Northern The Financial Com
Shan States, Bur
missioner, Burma.
ma.

Moisture
Volatile matter
Fixed carbon
Ash

2130
33 1 8
3306
12-46
100 00

Does not cake.

Ash—dark -red.
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List of assays and examinations made in the Laboratory, Geological Survey of India,
during the months of February, March, and April 1890— concluded.
For whom.

Substance.

Result.

Coke, made from coal P. N. Bose, Geologi
from the Lisa Valley cal Survey of India.
Darjeeling.

Moisture
Volatile matter
Fixed carbon

259
2O43
6778

.
.

10°00
Sulphur, present as sulphide .
„
„
sulphate .

■
•

04/0

Quartz for gold, from G. T. Peppe, Ranchi.
Sonapet.
Mineral from JabaK Burn S1 Co., Calcutta Scolecite.
pur, sent for deter
mination.
Mackillican Si Co.,
Mud, for gold .
Calcutta.
Minerals, supposed to C. W. McMinn, De Specimen No. 1,—oxide and carbonate of iron;
contain copper, from puty Commissioner, no copper.
the Wainganga, for Chanda District, Specimen Nos. 2 to 4,—epidote; no copper.
Central Provinces.
determination.
Notifications by the Government of India during the months of February,
March, and April 1890, published in the " Gazette of India," Part I.
—Appointment, Confirmation, Promotion, and Retirement.

Department.

Number of
order
and date.

Nam? of
Offire1 .

From

To

Nature of
Appoint
ment, &c.

With
effect
from.

Remarks.

None.
1

Notifications by the Government of India during the months of February,
March, and April 1890, published in the " Gazette of India," Part I,
— Leave.

Department.

Number of
order and
date.

•
Name of Officer.

Nature of
Leave.

Revenue and jgs, dated Theo. W.H.Hughes Special
leave.
Agricultural
Department. 25th A pi.
1890.

With
effect
from
Date of
availing
himself
of it.

Date of
Return.

Remarks.
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Annual Increments to Graded Officers, sanctioned by the Government of
India during February, March, and April 1890.

Name of Officer.

From

To

With effect
from

Number and
date of sanc
tion.

Remarks.

1
Nan,.

Postal and Telegraphic Addresses of Officers.

Name of Officer.

Nearest Telegraph Office.

Postal Address.

R. Bruce Foots

Anantapur

Anantapur.

T.W. H. Hughes

Calcutta .... Park Street, Calcutta.

C. L. Gr1bsbach

Calcutta . " .

R. D. Oldham

.... Quetta (Baluchistan)

P. N.Bose

.

Pillan's Hat

Park Street, Calcutta.
Quetta.

.

S1liguri.

T. H. D. LaTouche .

Calcutta .... Park Street, Calcutta.

C. S. MtDDLEMISS

Khushab .... Khushab.

P. Lake

Calcutta .... Park Street, Calcutta.

P. N. Datta

.... Khewra (Jhelum)

F. NOETLINO

.... Lashio (Shan States)

K1shen S1ngh .... Quetta (Baluchistan)
H1ra Lail

....

Ditto

Khewra.
.
. Quetta.
Ditto.
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Report on the Geology and Economic Resources of the Country adjoining
the Sind-Pishin Railway between Sharigh and Spintangi, and of the
Country between it and Khattan ; by R. D. Old HAM, Deputy Superin
tendent, Geological Survey of India. (With a map.)
I.—Stratigraphy.
The area to be described in the following report consists of the country adjoining
A ^ ,
the Sind-Pishin Railway between Sharigh and Spintangi,
r O
c '
together with the country extending eastward from Spintangi
to Khattan. Of that portion which lies near the railway no previous accounts appear
to have been published, except the cursory description by Dr. Blanford,1 and a brief
report by Mr. R. A. Townsend ;s of Khattan itself Mr. l ownsend has written an
excellent account,3 published in the Records of the Geological Survey.
The oldest rocks seen are exposed close to the road from Harnai to Loralai,
about eight miles from the former place. Here the gorge
NummX?'. 3een"
of ^ Mfrab opens out int0 an amphitheatre, some four
miles long by two miles broad, surrounded on all sides
by precipitous scarps of limestone. In the centre of this amphitheatre there rises
a sharply folded anticlinal hill of compact grey unfossiliferaus limestone. The same
limestone is seen in the Tarai Tangi, further eastwards, but nothing is known of its
lower limit or thickness.
The next beds, in ascending order, are green and grey shales, occasionally impregnated with organic matter, at the top of which come
appar s a es.
some hundred feet of purple and green shales and shaly lime
stones. One band of bright purplish red limestone, about 10 or 15 feet thick, is
very conspicuous and its outcrop can be traced right round the amphitheatre ; with
this exception, the colours are not confined to particular beds, but bands of purplish
colour ramify through the rock, passing irregularly through its mass irrespective
1 Mem. Geol. Surv. Ind., XX, 86—93 (1883).
3 Proc. Govt. Ind. P. W. D., November 1884.
3 Rec. Geol. Surv. Ind.. XIX, 204-210 (1886).
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of the original bedding. These beds are precisely similar, in lithological characters
and in stratigraphical relations, to those exposed in the centre of the Chappar rift,.
and they may with advantage be distinguished as the Chappar shales.
Although these beds do not contain any beds of purely volcanic origin, whether
„
, , .
trap or ash, either in the Mfrdb Tangi or in the Tarai Tangi,
Ev1dence of volcan1c
.
.. ..
,
, .
activity.
vet there are d1st1nct traces of contemporaneous volcan1c
activity in the shape of small rounded granules of glassy
quartz, angular scales of mica and, in some beds, a distinct proportion of fine
volcanic ash mixed with the sediment of which they are composed.
No recognizable fossils were found in this group, but organic matter is not
. ,
uncommon, either as compressed fragmentary plant remains
Thickness.
.
.
, ,
.....
or as a structureless 1mpregnat1on of the general body of the
rock. The thickness, which was not estimated with any degree of accuracy, is about
6oo to 700 feet.
Above these shales come compact bedded blue or dark grey limestones, gener
ally unfossiliferous in the lower portion but the upper beds
Dunghan
limestone.
. . numerous foss1ls
, .. which,
, . , *as a rule,
, are only
, seen 1d
6
conta1n
section ; among them nummulites occur in considerable abundance. I propose
to call this series of beds the Dunghan group, or Dunghan limestone, from the high
hill, east of Spintangi, of which it forms the greater portion, if not the whole.
Near the top of this group a peculiar form of limestone occurs, called a "marine
conglomerate," by Mr. Townsend 1 and a " limestone
Pseudo-conglomerate. breccia i j,y j)r Bianfor(j ; s the latter observer describes it
as consisting of " dark-grey angular limestone fragments in a somewhat paler lime
stone matrix. Both fragments and matrix contain small nummulites, and sometimes
alveolina, and no constant difference has been traced between the forms found in
the two portions of the rock." The resemblance of this rock to a conglomerate
or breccia, composed of fragments ranging to several inches in diameter, is often
very striking and it is, at times, almost impossible not to accept it as of clastic origin.
But the local occurrence of this structure, the absence of any trace of such violent
clastic action in the associated beds, the absence of any apparent distinction between
the fauna of the matrix and of the fragments, and the fact that there is every grada
tion from a mere mottled limestone to the most conglomerate-like variety, all point
to the conclusion that the structure is in reality of concretionary origin.
The total thickness of the limestone cannot be measured with accuracy, but
three independent estimates were formed which gave fairly
Thickness.
concordant results varying from 1,500 to 1,800 feet. The
highest of these estimates is, I believe, the most accurate, and practically the whole
of this great thickness consists of limestone, varying in its degree of purity, but with
no noticeable bands of shale.
At Khattan pseudo-conglomerate and overlying flaggy limestone are found,
precisely similar to those of, the Harnai valley, and one would
Kh°ttanha" er°UP at
naturally regard the beds as of the same age ; but, if so, the
character of the group varies very much in the two localities.
1 Rec. Geol. Surv. Ind., XIX, 203 (1886).
a Mem. Geol. Surv. Ind..XX, 45 (1883).
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The eastern termination of the anticlinal hill at Khattan, though cut by faults, pre
sents much the same appearance as those which terminate along the Harnai route,
and there is no indication that the whole hill is not composed of limestone ; yet,
at the head of the tributary valley, which joins the Khattan stream just before it
joins the Chdkar, this limestone is seen to be underlaid by shales very similar to
those of the overlying Ghazij group, and in the borings it was penetrated with a verti
cal depth of 152 feet, 1 or allowing for a dip of 200, a thickness of 143 feet, shales
with subsidiary beds of limestone predominating below it. In the tributary which
joins the Chakar from the south, next above the junction with the Khattan stream,
a deeper section is seen ; a great thickness of shales is underlaid by the pseudoconglomerate which was estimated, though not measured, as over 100 feet in thick
ness ; below it comes about 600 feet of shales followed by a band of dark limestone
full of oyster shells, and below that more shales and sandy beds.3 From this it will
be seen that, if this band of pseudo-conglomerate marks the top of the Dunghan
group, it is either much thinner or much more argillaceous in its character than near
Harnai and Spintangi.
"Overlying the Dunghan limestone, there is a great thickness of grey and olivegreen shales, with subsidiary beds of lime and sandstone
Ghaz1j group.
anc^ ]ocaityt 0f ^ This I propose to distinguish as the
Ghazij group, naming it after the valley which runs down from near the Dunghan
mountain to Spintangi. The group consists principally of grey and olive-green
shales of various degrees of hardness, which have, for the mOst part, a somewhat
concretionary structure, causing them to weather along spheroidal fracture surfaces
as well as the, usually more or less flat, joint and lamination planes; there are
numerous concretions, differing from the general matrix only in containing a larger
proportion of lime, which not infrequently contain organic remains only seen in
section on the fractured surface. Interbedded with the shales are, in places, some
bands of brown ferruginous sandstone, usually thin and insignificant compared with
the shales; an exception to this statement must, however, be made as regards the
upper part of the group, especially towards Harnai and Shahrig.
Near Spintangi only a few thin carbonaceous beds, but no coal, have been found
in this group ; near Sunari station some thin bands occur
COairesent distribution of near the top of the group, and near Harnai there are several
bands of coal, some of them thick enough to be worth
working; at the same time sandstone becomes much more abundant in the upper
part of the group and several beds full of marine fossils occur. Near Shahrig the
development of coal, sandstone and marine fossils is even more conspicuous ; in
the valley of the Shahrig stream and in the side valleys draining into it coal out
crops may be counted by the hundred, though these do not represent so many
separate coal seams. The beds are much contorted, and there are many repetitions ;
still, after making every allowance, there must be some eight or ten or more seams
1 This is taken from the " Log of No. 1 boring at Khattan," printed in the Proa Govt.
Ind. P. W. D., June 1886 : in a previous volume (XIX, p. 209) of these Records, there is a
section, apparently of a different boring, although the total depth is the same, in which 215
feet of limestone are recorded ; this would give a reduced thickness of 202 feet.
* At a still lower horizon Mr. Townsend has recently discovered a number of fossils
including ammonites, ctratites, and some fragments of those aberrant forms of ammonitidas which
are found in cretaceous beds.
B2
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of over four inches thick, besides numerous thinner layers, while both shales and
sandstones teem with thin papery lamina? of coaly matter, and leaf remains are ex
tremely abundant. Associated with the coal and sandstones are many fossil shells
all of shallow-water type, frequently forming beds of shell marl and not seldom
mixed up in the most extraordinary manner with the coal seams.
I have no doubt that the local distribution of the coal is due to an original limit
ation of the conditions under which it could be formed,
ationVcoalformS' that the uPI*r portion of the Ghazij group about Harnai
and Shahrig is of deltaic origin, and that these beds are
elsewhere represented by shales of sub-marine origin, in which coal could not be
expected to occur.
The development of sandstone beds which accompany the coal has already
been noticed, and in these innumerable fragments of leaves,
Foss1l plant rema1ns.
occasionally fossil wood, can be found. The leaves
where recognizable are almost universally parallel veined, shewing a great pre
ponderance of monocotyledonous vegetation. The fossil shells occur with both
valves still united, imbedded in the mud in which they lived and died ; in fact the
whole appearance of the rocks indicates deposition in the immediate proximity of
, . condit1ons.
...
land : just such conditions
Delta1c
, . , as, exist. . in a modern, tropical.,,or
sub-trop1cal delta 1n wh1ch depos1t1on proceeds tranqu1lly
with alternations of sand and mud. As the deposits from time to time reached the
surface of the sea a rank vegetation established itself, which is now preserved as
coal, while, in the creeks and backwaters, decaying vegetation mixed with mud to
form the numerous layers of carbonaceous shale. This delta never extended beyond
Spintangi, and it was only late on in the period of time represented by the group
that it extended as far as Sunari, where a few thin bands of coal and carbonaceous
shale were formed before the land once more sunk beneath the sea and allowed the
clear deep water limestones of the next group to be deposited.
Near Harnai a band of strong conglomerate is found, close to the top of this
group, and is seen everywhere between it and the hills
south of Shahrig, always occurring some distance above the
uppermost bed of coal or carbonaceous shale. The pebbles range to four inches in
diameter, and sometimes more, being composed principally of red, grey, jaspideous
or cherty, rock, but there are also numerous pebbles of grey limestone, in none of
which have I seen any trace of a fossil. These limestone pebbles are probably
derived from the cretaceous limestones which are known to occur at different spots
in Baluchistan.
Owing to the softness of the beds composing this group they have been dis_. ,
turbed in a most capricious manner, and it is difficult to
estimate the thickness with accuracy. Near Spintangi it is
not far from 3,000 feet, but at Shahrig this thickness must be considerably exceeded.
Towards Khattan the thickness appears to be less, not more than 1,500 to 2,000 feet,
according to the horizon at which the upper limit is drawn.
Above the Ghazij group there comes a series of beds which, owing to their lithological difference, I have separated under the name of the
. Spintang1 group.
Spintangi group. There is, however, a perfect conformity of
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stratification between the two groups, and, though there is no difficulty in separating
them at and near Spintangi, the same cannot be said of other parts of the country
examined. The following is the section of the group as exposed in the cuttings
along the line of railway and the military road at Spintangi : —
feet.
1. Cream coloured compact nodular limestone containing an abundance
of Numtnulites, Alvealina, &c.
...... 50
2. Compact pale grey limestone
....... 24
3. Gap, principally shales
........ 10
4. Compact pale grey limestone ....... 37
5. Nodular limestones and some shale, not well seen
.
.
. 31
6. Compact pale grey limestone ....... 78
7. Gap, apparently principally pale ochreous shales and soft limestone 150
8. Limestones, somewhat nodular .
.
.
.
.
.102
9. Gap, apparently principally shales, mostly pale olive green and lime
stone bands and a bed of gypsum ...... 260
10. Shales, marls and limestones ; the prevailing colours are pale French
grey to white, but some thin bands of olive shale occur .
. 204
11. Nodular limestone ......... 60
Total

.1,006

The " nodular limestone," referred to in the above section, is a pale, usually
vellow coloured, limestone, compact in the centre of the nodules but soft and earthy
looking on the weathered surface. Owing to the resistance offered by the nodules
to the action of the weather being greater than that of the intervening matrix, the
latter has been dissolved out near the surface, and the rock, in consequence, often
acquires very much the appearance of a limestone conglomerate. It is evidently
the same rock as is described by Mr. Griesbach in the Bolan.
Even at Spintangi there is a band of similar limestones detached from its asso
ciates and interbedded with the sandstones of the upper part
Transition between of the Ghazi: gr0up, and, near Nasik, there are several bands
groups.
of similar rock, overlaid by a considerable thickness of sand
stones and shales among which are some thin carbonaceous bands. At Khattan the
difficulty of separating the two groups is even greater. The crest of the scarp oppo
site Khattan is composed of nummulitic limestones which appear to correspond to
Nos. 1 to 6 of the section at Spintangi ; below them comes a series of beds of lime
stone and olive shales, among which are no less than three beds of gypsum, a thin
band of bad coal and, below this, four bands of nodular limestone, precisely similar
in type to those of the typical Spintangi group, are interbedded in olive shales of the
Ghazij type.
Above the principal band of compact limestone at Khattan, which has an un
measured thickness of several hundreds of feet, olive shales
Khattar1'
an<* g)'Psum come in once more ; of these, the following
section has been measured by Sub-Assistant Hira Lai in the
neighbourhood of the road to Khattan :—
teet.
1. Rale limestone .
.
.
.
•
.
.
• . . • 55
2. Olive shales
loo
3. Whitish and carbonaceous shales
.12
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feet.
Marly beds and ferruginous nodules1
3
Carbonaceous and ferruginous shales .
.
...
6
Nummuliferous limestone, argillaceous above
... 30
Greenish shale .......... 50
Brown and green shales ........ 40
White limestone
.
...
.
.
.
.
.
.1
Brown and olive shales
........ 108
Gypsum ...........
8
Olive shales
.......... 160

Total
. 573
The section is overlaid by Siwalik beds and underlaid by nummriliferous lime
stones of the Spintangi group.
At its upper limit the Spintangi group is cut off by a slight but distinct uncon
formity, hardly noticeable as a rule on individual sections,
bed?VersteP °f UPPer" but made very P3l^16 b7 the distinct overstep of the upper
beds by the rocks of the Siwalik system. Thus the whole of
beds Nos. 1 and 2 of the section just given are lost in the KouraPani, only two miles
off, and the whole of the section is lost long before we reach Tung. North west
of Spintangi, in the hills west of Harnai, the Spintangi group is very much reduced
in thickness and, towards Shahrig, only about 60 to 100 feet of limestone appears to
be left ; but whether this is altogether due to the removal of the upper part of the
group, or in part to the replacement of the lower by sandstones and shales of
the upper Ghazij type, could not be determined with certainty.
One of the most remarkable peculiarities of this group, and one very difficult
to explain satisfactorily, is the occurrence of beds of gyp^Peculiar occurrence sum associated with clear fossiliferous limestones. The
o gypsum.
accepted explanation of stratified deposits of gypsum
requires an inland sea, or shallow lagoon, in which water can be concentrated by
evaporation, and, in conformity with this, gypsum is usually found associated with
red unfossiliferous clays or sandstones. Here, on the other hand, the beds in imme
diate contact with the gypsum are green or grey shales, not infrequently fossili
ferous, only occasionally shewing a tinge of dull red, and with these shales are
interstratified bands of clear, highly fossiliferous limestone, that must have been
deposited in an open sea, free from any kind of sediment. It would almost seem
as if some beds of limestone had been converted in situ into gypsum ; and, though
it is difficult to understand why only some of the beds should undergo such a
change while the others show no trace of it, the hypothesis receives some support from
the fact that, near Sunari station, several of the beds of limestone and marl contain
numerous irregular lumps of white saccharoid gypsum, which at times form almost
half the whole substance of the rock. These inclusions are doubtless of chemical
origin, subsequent to the deposition of the beds, and a continuation of the same
process would in time have converted the whole into beds of pure gypsum.
The area occupied by Siwalik beds has been only very cursorily examined, and as
regards their general characters there is nothing material to
Siwalik system.
add to ^ already published descriptions. The uncon1 Pyritous ? R. D. o.
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formity at its base, indicated by the overstep of the upper beds of the Spintangi
group, is also shewn as an actual, though not very conspiUnconformity of con- CuOusj unconformity of contact. The most conspicuous in
stance is in the cliff section on the left bank of the Chdkar,
close to the road to'Khattan; here olive shales are overlaid by a bed of pale lime
stone whose upper surface has been distinctly eroded before the deposition of the
overlying Siwalik beds ; another more easily accessible instance is in the railway
cutting close to the tunnel at Spintangi, where, a foot or so above the base of the
Siwalik sandstones, a band of conglomerate is composed of pebbles of compact
pale-coloured nummuliferous limestone, precisely similar to the rock through which
the tunnel is driven.
Besides these proofs of unconformity, there is a distinct overlap of the lower
beds of the Siwalik system. In the hills west of Harnai
And overlap.
t^e iowest beds of the Siwaliks are principally clear grey or
greenish grey sandstones, which, when seen from a distance, contrast very conspi
cuously with the overlying dirty pepper-and-salt sandstones and red earthy clays.
This same lower group of sandstones is seen on the Spintangi section, and can be
traced eastwards continuously to Tung, preserving all this way a considerable thick
ness varying, at an estimate, from 200 to 500 feet. Beyond Tung it thins out ; near
Mfrddd it is hardly, if at all, represented, and on the sections near Koura Kumb,
about 10 miles from Khattan, there is no trace of these lower sandstones which have
been completely overlapped by the overlying dirty sandstones and red earthy clays.
Recent and sub-recent stream deposits are largely developed in the valleys ; they
consist of fine and coarse gravel and coarse sandy stuff, pregravel3ntands,lb"reCent cisely similar t0 ^ debris br0ught down h7 the streams at
the present time. The gravels are everywhere quite undis
turbed, and have only a gentle dip due to the original slope of deposition ; rarely
a local dip of 250 to 300 can be found, one instance being by the side of the
railway between the tunnel and station at Spintangi, another is about three miles
east by north of Seni village. The explanation of these local dips is to be found
in the sudden floods which scour out deep holes, afterwards filled up again as the
stream subsides. It is a peculiarity of floods, in a country devoid of vegetation,
that they rise and fall with great rapidity and the cessation of power to excavate or
keep excavated a deep pool would be abrupt ; after that the falling stream would
sweep its debris into a pool of still water, forming a delta with a steeply sloping
termination over which the debris would roll down. In the instance at Spintangi
there is, in close proximity to the inclined beds, a rib of limestone standing up
in the gravels, which would quite account for the excavation of a pool in its
proximity, and it is to be noticed that, in the only two instances where a dip,
steeper than the general gentle slope of deposition, has been found, it is extremely
local and coincides with the natural angle of repose of the gravels in water.
In this connection must be mentioned the numerous and often extensive
de .
deposits of tufa or travertine scattered about the valleys
and capping the terraces of gravel. They have evidently
been formed by springs, the most conspicuous of whose few and feeble modern
representatives is that directly opposite the station of Spintangi.
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II,—Structure.
Along its northern and eastern limits, the country examined is marked by a
^
series of anticlinal flexures advanced one beyond the other
in echelon to the west. The most easterly of these is that
which terminates at Khattan. Almost due north of it another appears to terminate
in the hill of Gidari, but this has not been examined. North-west of this another
anticlinal terminates at the Miri hill ; a fourth forms the Dunghan hill ; a fifth the
Galusha hill, which ends opposite the Spintangi station ; a sixth is the ridge of the
Pfr K6h ; a seventh terminates near the village of Seni ; and the last and largest forms
the high ridge north of Harnai dying out to the north of Shahrig after having sent off
a small offshoot just west of Mfrab Tangi.
These anticlinal axes appear to be one and all offshoots from the great region of
elevation which lies east and north of the Harnai route
of?levation
*"
t0 Quetla- and as lheir cores ^ composed of the hard
Dunghan limestone, they form a very conspicuous orographical as well as structural feature of the country.
Between Spintangi and Harnai this system of east and west folding gives way on
the line of its strike to a simple monoclinal fold which
clinaTflexure ty m°n°" brings in the sPintang' grouP and Siwalik beds. Above
Harnai, and in the Ghazij valley, there are first of all syn
clinal folds in which outliers of Spintangi and Siwalik beds occur. The monoclinal
fold which forms the main boundary of the Siwalik system preserves on the whole
a very steady direction, varying from about west-north-west and east-south-east to
north-west and south-east, with but few sudden changes of strike or interruptions of
continuity. '
The first of these interruptions is south of Harnai, where it is cut by an anti
clinal fold which turns the boundary sharply to the south;
ttauit£n,pt!°M °f C°n" a little further east' U turns as sharply to the north, and a
couple of miles beyond the first bend resumes its original
course. A second is about six miles south-east of Spintangi, and corresponds to the
termination of the Dunghan anticlinal and the coming in of a synclinal fold, in the
Ghazij valley, directly on its line of strike ; here the dip of the beds is irregular,
and the crest of the ridge formed by the Spintangi group is shifted about half a
mile to the south-west. The third is a combination of anticlinal and synclinal
folding, which causes the outcrop of the Spintangi group to take a sharply bent
sigmoidal course near Khattan.
The dip of this monoclinal flexure is generally normal but in places reversed,
" Skew flexures " pro- and the change from normal to inverted dip is generally
during appearance of sudden and abrupt by what might be termed a "skew
ant1cl1nal folds.
a
„
. ,
.
T, ,
flexure, were 1t necessary to 1nvent a name. 1 he sharp
twisting of the beds where the dip changes suddenly from normal to reversed has
fissured them and set up a region of comparative inability to resist denudation, with
the result that a stream valley has established itself on every one of these twists, and
a further result that the outcrop of the harder beds can be traced continuously
arching over from a north-easterly to a south-westerly dip. Looked at from a
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distance this bending over of the outcrop, which is especially conspicuous about six
miles south-east of Spintangi, produces a most deceptive imitation of an anticlinal
fold, but when the section is examined on the ground, it is seen that the opposing
dips are not on the same line transverse to the strike and are separated by a zone
of irregular dips often directly along the general strike of the beds.
At Spintangi and Tung the compact limestone beds, forming the core of the
ridge, have a vertical dip, while the softer beds of the
tn'^uear Splintangi"O Spintangi group to the north and of the Siwaliks to the
south, dip inwards towards the centre of the hill. This
peculiar structure, combined with the similarity in colour between the upper shales
of the Ghazij group and the lower sandstones of the Siwalik series, led me, when
passing Spintangi in the train, to regard the ridge as either a fan-shaped anticlinal
or a sharply folded synclinal flexure. A more careful examination of this ridge
and a comparison of it with other sections has shewn that the section is continuous
from bottom to top, and that the soft beds have been squeezed out below by pressure
against the hard limestone core, producing what may be called a monoclinal fan
structure. It may be that the comparative absence of shaly beds from the Spin
tangi group at Spintangi may be due to their having been squeezed out during the
great compression of the beds required to produce this structure.
A noticeable feature in the structure of the country examined is the absence of
great faults. There are numerous small faults, too small to
faults"51"* °f great be marked on the map, though even these are less abundant
than one might have expected, but there are no great
master faults, such as are usually abundant in highly disturbed districts. One
such does seem to run past the foot of the Kaliphat hill, and thence east-south-east
past the camping ground known as BerkeleyOs bottom, on the road from Harnai to
Loralai, but it is outside the area examined, and its existence has not been estab
lished. In the Siwalik area between Spintangi and Nari there may be some faults
of large throw, but the ground has not been examined in sufficient detail to deter
mine this point. With these possible exceptions, the beds have merely been
thrown into a series of folds, often very sharp, but, in general, unaccompanied by
any faulting except on a small scale.
III.— Orography and Hydrography.
There is a very close connection between the orography and the structure of the
Connection between C0untI7 under description, though the connection is as usual
orography and struc- not direct, but indirect ; that is to say, the hills are not
ture, ind1rect.
always regions of special structural elevation, nor the valleys
of depression, and even where they are, the surface features have been profoundly
modified by sub-aerial denudation; but the disturbance of the beds has brought rocks
of very various degrees of hardness within the reach of rain and rivers, and these,
acting at different rates according to the rock attacked, have carved out the present
contour of the ground.
The various anticlinal axes in the Dunghan limestone all form conspicuous hills,
Anticlinal hills
anc* are ^ on^' r'dSes which are structurally axes of eleva
tion. Even in these, the present contour of the ground is very
different to what it would be were all the beds replaced, for the whole of the Spin
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tangi and Ghazij groups, probably also most of the Siwalik system, have been washed
away, and the hills are now grey hog-backs, nearly destitute of soil or vegetation,
the surfaces of which are often formed, over large areas, by a single bed of
limestone.
The outcrop of the Ghazij group is everywhere marked by low ground, while the
Spintangi group, owing to its superior hardness, always
andSiwalik beSds'ntaDgi stands uP as hi§h ground- Above Nasik, where the limestones of the Spintangi group are much reduced in thickness,
the massive sandstones of the lower part of the Siwalik system help them to form
the synclinal hills south of the line of railway between
Synclinal hills.
Harnai and Shahrig, as well as the conspicuous scarped
ridge, separated from these lower hills by an anticlinal axis, along which beds of the
Ghazij group crop out, and marked everywhere by a comparative depression of the
surface.
But, though there is this close connection between the structure and orography,
the hydrography or drainage of the country shews a complete
Hydrography mde- independence of either. To the east the area examined is
pendent
of structure.
. , extens1ve
. to g1ve
. many 1nstances
.
r
not suffic1ently
of...
th1s ; yet
both the Chdkar and the Bheji rivers break through the high ridge of Spintangi
limestones. In the long valley-like depression, occupied by Ghazij shales and subrecent river gravels, which extends from Spintangi to beyond Shahrig, there are no
less than four streams that flow directly across the strike of and through the ridge
formed by the limestones of the Spintangi group and the sandstones of the Siwalik
system ; a fifth cuts through the continuation of the same ridge about four miles
west of Sharigh. Moreover, of these five streams, no less than four enter the low
ground through gorges or "Tangis" in the anticlinal ridges of the Dunghan lime
stone to the north. The stream west of Shahrig is the same that carries the drainage
of over a thousand square miles through the famous Chappar rift ; the Nasik stream
flows out through a gorge near Wangi, six miles north-east of Shahrig ; the Harnai
stream issues from the Wan Tangi ; and the drainage of the Mfrab Tangi, through
which the road to Loralai is carried, and of the Tarai Tangi, flows out through the
Spintangi near the station of that name. There are thus not only five gorges
by which the drainage cuts through the scarp and across the strike of the Spintangi
limestone, but there are four, or, if we include the Chappar, five, rifts through which the
drainage finds its way across an anticlinal ridge, i.e., an area of special elevation.
The popular explanation of this feature is, that the rifts and gorges are gaping
fissures through which the streams have found an exit,
of gaprngrfissuresnati0n This idea is fortunately fast dying out; it has often been
refuted, and is insufficient in itself, as it fails to account for
the excavation of the valleys leading up to the gorges ; moreover, it can be distinctly
disproved in this neighbourhood, for not infrequently the
possible.Cient
im" solid rock can be traced continuously across the bed of the
stream without the slightest breach of continuity.1
1 As an exception to this general statement, there 1s a conspicuous fault in the Spintangi,
but as it makes an angle of 60° with the general direction of the gorge, passing out of one side
of it, and, after crossing the stream, into the other, this fault cannot be said to help the
hypothesis.
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Another explanation once, and still to a certain extent in vogue, is that the streams
By plane of marine formerly flowed at a higher level than the tops of the present
denudation ; unsupport- hills, over a plane of marine denudation which, sloping
ed and unnecessary.
across the strike of the rocks, gave the streams their initial
direction, and that the contour now existing is due merely to subaerial denudation
acting on rocks of various degrees of hardness. The assumption of a plane of
marine denudation would be entirely gratuitous ; no trace of it remains, and it is,
besides, only necessary, if we also assume that the disturbance of beds was alto
gether prior in date to the establishment of the present drainage system.
The third hypothesis, suggested by Dr. Blanford, is that the elevation of the
Third hypothesis : dis- m"8» or» t0 sPea^ more correctly, the disturbance of the strata,
turbance of beds newer which, by exposing beds of varying hardness to the action
than drainage system.
of subaerial denudation, led to the unequal erosion of the
surface and hence to the formation of the present contour, is of more recent date
than the drainage system ; but that the disturbance has been sufficiently slow for
the streams to maintain their original courses by erosion.
Besides being in itself the best hypothesis proposed, there is a certain amount of
evidence in its favour ; for it can be shewn that since the
rewnTd'istu'rbanc"
present drainage system was established, the scarped ridge
south and west of the railway from Spintangi to Shahrig has
been subjected to elevation, and there is no reason why this ridge should have been
elevated while the rest of the country remained stationary.
Throughout the depression formed by the Ghazij group there are extensive
River gravels extend- dePosits of river gravels rising to a height of, at times, some
ing down to stream hundreds of feet above the present stream beds. These in
b*dthemselves prove nothing, for they might well be mere terrace
deposits formed by the streams as they gradually cut their valleys downward, but
here and there the gravels can be seen extending right down to the level of the
stream bed. There is one very conspicuous instance about a mile east of Harnai,
where some cliffs over 1co feet in height are composed of river gravels throughout,
and, opposite the Spintangi station, there is a terrace of gravel rising 80 feet above the
present stream bed.
These gravel deposits, extending right down to the present level of the stream,
shew that the valley had been cut down to its present depth,
that the current was then checked by a comparative eleva
tion of the bed in a lower portion of its course, and that the stream began to fill up
its valley with gravel till, the conditions being once more changed, it cut down again
through the gravels it had deposited.
If we turn to the gorges through which the streams find their exit to the southGorges shew a west, we find the same story told. Without exception the
period of stability fol- stream beds are narrowed in the gorge and from them the
lowed by elevat1on.
sides rise gneer with & neariy vertical face to a height of
some 50 to 80 feet; at the top of this vertical face of rock the valley suddenly
opens out, and the slopes sink to 400 or less. There can be no doubt that
this upper open portion of the gorge marks a period during which the stream
bed had attained a condition of comparative equilibrium, and the deepening of its
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channel went on so slowly that frost, heat and rain were able to disintegrate the
rock and slope away the sides of the valley. Then the bed of the stream was
elevated, and this would have a two-fold effect : in the first place, the current of the
stream would be checked above the gorge, it would no longer be able to carry its
burden, and river gravels would be deposited in the valley above the gorge ; in the
second place, in the gorge itself, the stream would begin to cut down its bed at a
more rapid rate than before, more rapidly too than the action of the weather would
be able to slope away the sides, and so the lower, vertical sided portion of the
gorge was formed.
We have then, whether we examine the deposits of the streams or the gorges
through which they escape, the same tale of a recent elevaummmg up.
t.on o^ ^ gcarp to ^e sOuth of the route between Spintangi
and Shahrig, and, as I have said before, it is not conceivable that the disturbance
which has taken place since the drainage system was established should have been
confined to this ridge alone.
Although the drainage system has maintained its general character during the
disturbance of the strata, yet there must have been many
drainage changes °f minor changes. Thus the streams which drain the southern
slopes of the Kaliphat mountain, after collecting together,
divide, part of their water joins the stream which flows from Mangi through
the Chappar rift, and part escapes through the gorge south-east of Shahrig ; no doubt
during the history of this stream it has, at times, discharged the whole of its waters
through one or other of these gorges. So too, the stream that now issues at Wangi
and flows down to Nasik has doubtless at one time flowed over the Pungah uplands
and out through the gorge of the Shahrig stream. The shape of the old fan of the
Wan Tangi stream shews that it too at one time flowed out of the Nasik gorge and
not, as now, past Harnai, while it is not impossible that the waters of the M1'rdb or
part of them may once have flowed through thé same gorge, and it is certain that
they must once have flowed through the gorge of the Harnai river instead of, as now,
running down to the Spintangi. All these changes, except possibly in the case of
the Shahrig stream, are of extremely ancient date, measured by human chronology,
for the present streams have cut for a considerable depth into their old fans, which
are besides scored with innumerable ravines cut back into them to depths ranging
to a hundred feet or more.
IV.—EconomIc Resources.
The only mineral products of economic value consist of coal and petroleum, the
latter of which is at present being worked at Khattan.1
The existence of petroleum at Khattan has long been known to the natives of the
country, Khattan being, in fact, primarily the name of the
e r° m"'
substance and only secondarily the name of the place at
which it occurs, but it is only within the last few years that any attempt to exploit it
has been made. The oil which flows at the surface, equally with that obtained from
1 The passages that follow are not intended as an exhaustive account of the occurrence of
petroleum at Khattan : this has been fully reported on by Mr. Townsend, but it could not be
passed without some notice here.
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the deepest of the borings as yet put down, is a black, tarry, viscid substance which
becomes semi-solid at temperatures below 6o° Fahr.
It flows in small quantities at the surface, issuing from fissures in the rock along
with an abundance of hot sulphurous matter; besides the present flow, there are
abundant traces of former flows in the river gravels at Khattan, and at intervals up
the valley for at least ten miles ; it also occurs abundantly both comparatively fresh
and dried up to the consistence of hard pitch, along fissures in the limestone of the
Dunghan group and in the Ghazij shales.
Although the oil occurs in both these groups, it is indigenous in neither ; no trace
of it can be found in the substance of the rock, but only along the fissures through
which it flows from beneath. I think the same may be said of the shales, under
lying the limestone, which yield the oil at present being worked. A careful exami
nation of the fragments brought up from the borehole showed no trace of any
impregnation of the substance of the rock ; and the original source of the petroleum
must be looked for at a still greater depth.
At the time of my visit four wells were being pumped, of which one was yielding
10 barrels of oil a day ; in the other three a good deal of water was being pumped,
mixed with oil to the extent of 10, 6 and 4 barrels a day respectively, or an average
of 7j barrels per diem. At this rate it would require at least 25 wells to supply the
50,000 barrels per annum, which is the amount that would be required by the
railway alone. It is possible that future borings may y1eld a higher average than
this, as the rocks at the site of the present borings are very much shattered and
intersected by fissures along which the oil finds an outlet at the surface, while to the
south of Khattan there are some three or four square miles over which the shales
lie horizontal or nearly so. The cover here is much better than at Khattan itself,
and it may be that oil would be found under greater pressure than in the present
borings. The experiment will probably be tried during the present working
season.
Till recently no occurrence of petroleum was known between Khattan and Kirta
on the Bolan, but during the examination of the country under description, numerous
traces of it were found in the Dunghan limestone of the Harnai valley. Between
Spintangi and Harnai the railway passes to the west of these anticlinal ridges, all of
which end up with a rounded surface of limestone, dipping away in every direction,
from which the overlying Ghazij shales have been completely washed away.
In every one of these traces of petroleum are to be found in the limestone, most
abundant on the crest of the anticlinal where this dips under the shales. It is not
too much to say that anywhere along the termination of these anticlinal ridges bitumen
the dried-up residue of the petroleum, can be found by a very cursory search indeed;
and even along the flanks of the anticlinals there are here and there localities where
traces of it more or less abundant can be found.
The most common mode of occurrence is as inclusions in calcite veins and, where
the crests of the anticlinals run underground and occasionally for some hundreds of
feet up them, every vein of calcite, whose structure shows that it has been deposited
by water flowing up from below, contains more or less abundant inclusions of bitu
men. These may be so minute and scattered as to be only detected after a careful
examination with a powerful lens, or they may be so numerous as to produce a
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brown, even almost black, colouration of the calcite ; at other times they are large
enough to be easily distinguished by the naked eye, and may range up to quarter of
an inch in diameter and occasionally more, while the general mass of the calcite is
of a white colour. Besides this mode of occurrence the petroleum is found coating
joint planes, and permeating fissures, in the rock, and these fissures are often not the
principal joint planes but close conchoidal fractures which seem to have been formed
during the disturbance of the beds. As a rule, the volatile constituents have complete
ly evaporated and nothing is left but a brittle mineral pitch which, at any rate during
the cold weather, does not soften even when exposed to the sun in the middle of the
day ; at one spot, however, on the souIh side of the Pfr Kdh, and about 1§ miles
from its termination, the stuff found coating the fissures is sometimes quite soft when
the rock is first broken.
At Kbattan traces of petroleum are found abundantly in the shales overlying the
limestone, but in the Harnai valley they are few, faint and far between. The differ
ence I attribute firstly and principally to the much less faulted condition of the
beds in the latter, and to a less degree to the fact that, at Khattan, rapid erosion of
the stream bed is going on and numerous exposures of unweathered shale can be
found, while in the Harnai valley the streams are in a state of comparative equili
brium, there are vast expanses of recent gravels, and such exposures of shale as are
seen, are nearly always weathered and crumbling at the surface.
Besides the absence of conspicuous " shows " in the Ghazij shales, the Harnai
district differs from Khattan in the want of any actual flows of oil at the surface.
This may be due to one of three causes, either (1) there was never a sufficient amount
of oil in this region to allow of its flowing at the surface, or (2) the whole of it has
already escaped, or (3) the conditions are not such as to allow of its escaping at the
surface. As it is of great economic importance to determine which of these three
is the true one, I shall examine them each in turn.
The first is in its nature as incapable of proof as of disproof; against it may be
set the invariable occurrence of traces of petroleum wherever the circumstances are
such as would lead one to expect them, and their frequent occurrence where there
is no special reason to be seen. It is in itself improbable, and while no reason can
be shown why petroleum should not be as abundant here as at Khattan, there are,
as will be shown, very good reasons why it should not flow at the surface.
The second hypothesis may, I think, also be rejected ; if surface flows had ever
been as abundant here as at Khattan, one would expect to find traces of them in
the river gravels, similar to those which are both abundant and conspicuous at
Khattan ; but none such have been found.
There remains the third hypothesis which I consider to be the true one. At
Khattan the termination of the anticlinal in the limestone is cut by numerous faults,
and it is along these faults that the hot water and petroleum rises to the surface ;
in the Harnai valley faults are few and small, and the rocks are so well exposed
that it is possible to say that they are practically absent from the ends of the above
ground portion of the Galusha, Pfr Koh, and Seni anticlinals. A far more import
ant point, however, is the comparatively low temperature of the springs which issue at
the surface; at Khattan they range from 1050 to H5°F., while in the Harnai
valley, they have mostly a temperature of about 90°, the highest measured being
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94°F. Now, the maltha of Khattan, and the similar oils that have been obtained
at Shoran and Kirta, cannot be said to attain any degree of fluidity, a real freedom
of motion, till their temperature rises above 1oo°Fah., so that in this alone we find
sufficient reason why no petroleum issues at the surface.
Another argument leading to the same conclusion may be drawn from the man
ner of occurrence of the oil-shows. The most abundant shows on the termination
of the Galusha hill are to be found about a mile east of the station of Spintangi,
where a small sulphur spring issues, the water of which is led off in an irrigation
channel ; in the ravine above this spring oil-shows are very conspicuous both as
large inclusions of mineral pitch in calcite veins and as sheets of the same substance,
sometimes a quarter of an inch thick, lining all the joint planes and fissures in
the rock. This is not only the place where oil-shows are most abundant, but it has
the lowest absolute level of any exposure of the limestone of this hill. In the
second small valley to the north-west of this, the limestone is again exposed, but at
a higher absolute level, oil shows are not nearly so conspicuous as at the first place,
but they occur both as inclusions in calcite and as intrusions along the joint planes ;
the difference in level between these two localities was not measured, but it is about 50
or 60 feet ; above the first locality bitumen is found at a still higher level up to 200
feet, but at these higher levels the only traces of oil found were small inclusions
in calcite veins. Granting that the difference may be in part due to greater local
facilities for the upward flow of oil at the first locality, it seems as if the larger globules
of oil were entangled and detained at the lower level, while only the smaller globules
were carried upwards by the more mobile water to the higher levels.
At Pir there are not the same facilities for observing this relation, but on the
Seni anticlinal we again find this superior abundance of oil-shows at lower levels,
thus pointing to a still greater abundance further down.
It must be remembered in this connection that the specific gravity of the Khattan
oil is the'same as that of water at a temperature which has not been precisely
determined, but is about 6o° ; owing to its greater co-efficient of expansion the specific
gravity is slightly greater than that of water below this temperature and slightly less
at higher temperatures. In consequence of this the oil would collect under the
crest of an anticlinal fold in a permeable stratum overlaid by one that was imperme
able; but if there was a fissure leading to the surface to which both water and oil had
access, the slight difference of specific gravity would be largely counteracted by the
greater viscosity of the latter, and the discharge at the surface would be principally
water, bearing globules of oil in suspension; moreover, the viscosity of the oil
increases so rapidly with a fall of temperature as to make it probable that, at tem
peratures below 1oo°, there would be no escape of oil at all.
These considerations lead me to the conclusion that there is probably an
abundant supply of oil underground in this district, and that borings judiciously
placed would yield it in paying quantities ; at any rate the experiment is worth trying.
The general distribution of the coal has already been noticed under the section
j
devoted to stratigraphy, but requires fuller consideration
from an economic point of view.
The most southerly point on the Harnai route at which coal has been found
is near the station of Sunari. A few thin bands occur high up in the Ghazij group
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and crop out along the face of the hill side. They have been opened out in one
or two places, and a certain amount of coal appears to have been removed, but the
thickest seam is only a foot in thickness and quite worthless economically.
The same coal occurs on the face of the hill west of Harnai station and in the
valley between this and the Torghar ridge. In this valley better coal occurs at a
lower horizon, and at a spot about four miles from Harnai station by the path, and
two miles south by west in a direct line, the following sections were measured by
Sub-Assistant Hira Lai :—

2

ti
^
2

Limestone.
Coal (good) ...........
6*
Olive shales
5' o"
Carbonaceous shale
.........
2"
Shale, with a band of limestone .
.
.
.
.
.
10' 5"
Carbonaceous shale
..........
6*
Green shale
2' o"
Inferior coal with fossil shells
.
.....
1' o*
Coal
5*
Green shale
4' o*
Coal .........
.
.
_8
Carbonaceous shale
I*
.Coal
5*
JShale
I*
Coal
4"
Greenish and carbonaceous shales .
.
.
.
.
.
16' o*
Fossiliferous limestone ......... 3' o"
Carbonaceous shale
.........
4*
Green shale
.
.
.
.
.
.
.
.
. 1' 8*
Carbonaceous shale
.........
8*
C Coal
9*
< Inferior coal and carbonaceous shale
......
5
( Coal
6"
Greenish shale with bands of carboniferous shale and coaly matter . 28' 5"
Coal
4"

Below shales, &c., with bands of carbonaceous shale and coal.
There are here two very fair bands of coal of sufficiently good quality and thick
ness to supply fuel for lime or brick burning, though not thick enough to pay for
systematic mining in spite of the very favourable assays.1
In the nullas draining southwards between Nasak and the Pungah ghat, several
outcrops of thin seams of coal are reported by sub-assistant Kishen Singh. One
outcrop, about a mile west of the village of Rajani, is being worked by a contractor
to supply fuel for lime burning. The exposure is in the bed of the stream, and the
following section was measured by me : —
Green and grey shale.
Coal
Grey shale
Carbonaceous shale
.........
Grey shales containing calcareous concretions
.
.
.
.
Coal ............
Grey and green shales .
.
.
.
.
.
.
.
Coal
Shale.

uf
12' 6"
1*
7' o"
o' 4*
15' 3"
1' 1"

1 These are given at the end of this report. No. 1 is especially good for a surface sample :
it can hardly represent the average composition.
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The beds dip 350 to S. 350 W., and the extraction of coal will soon be stopped by
water, still about 450 to 500 tons of coal can be extracted from surface workings
in this place. It is a pity that these seams are not thicker, for the coal is a hard
black coal free from pyrites and makes an excellent coke. It is the best looking
coal I have seen in this district, bearing in mind that it was obtained from surface
workings.
At Shahrig coal has been worked for several years, and has been described before
now. The section measured and recorded by Dr. Blanford 1 gives a good idea of
the general character of the beds containing coal ; it is possible that this section
may contain some repetition of the beds by folding, though I have not been able to
detect such with certainty either in the section or in the field, but nearly all the other
numerous exposures of coal in the Shahrig neighbourhood appear to be repetitions
of the same beds or others on the same horizon. Owing to the thinness of the
seams and the great disturbance the beds have undergone, it would not be worth
while to attempt regular mining operations, but coal is being obtained from surface
workings at the rate of 70 tons a month, and there is sufficient area of coal-bearing
beds to supply this quantity for many years to come.
Gypsum occurs in considerable quantities near Khattan. There are four distinct
beds of it which range up to 8 feet thick, consisting of pure
Gypsum.
white or pinkish alabaster. This may be worked at some
future period, but is of no present value. A band of gypsum occurs in the Spintangi group at Tung, it can be traced to near Spintangi, and occurs with a thickness
of about 4 feet above and west of the station ; in the road cuttings through the gorge
it is not seen, being hidden there by river gravels. Besides these beds of gypsum, it
occurs in the form of selenite, often in great abundance, and large crystals, in the
shales accompanying the coal.
Limestone is extremely abundant throughout the area occupied by nummulitic
rocks ; and even in the Siwalik area the pebbles in the
L1mestone.
stream beds are almost all composed of limestone. It is of
great purity as a rule ; in fact, its only fault seems to be that it produces too fat a
lime.
Building stone is abundant. The sandstones of the Ghazij group are quarried
near Shahrig, but the best stone is that obtained from the
Bu1lding stone.
lower beds of the Siwalik series, where they have not been
too much disturbed. Among the low hills near Nasik quarries might be established,
whence an excellent free-stone could be obtained in blocks of large size; the
quality is, however, not good enough to establish an export trade, and for local pur
poses the nearest stone available is used.
1 Mem. G. S. I., XX, p. 87.
C
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Assays of Coal.
Sharigh Nullah, top
Deep workings of of GhasIi group, No.
the Khort CollIery. 67 of BlanfordOs
Upper part of c.hazlj sect1on. Mem. XX,
group. Rece1ved
1°3, now be1ng
from Mr. Baker.
worked for fuel.
R. D. O.
Moisture
Volatile matter, ex
clusive of moisture
Fixed carbon
Ash
.
•

220

Two mile* S. by W. Two mIles S. by W.
of HarnaI RaIlway of HarnaI RaIlway
statIon, Ghaztj group, stat1on, Gha/.Ijgroupi
near top. Sample near top. Sample
No. 1. HlraLal. No. J. HIraLal.
8-12

860

40-56
4748
976

42-60
40 12
137a

37-64
5' 04
320

3484
4956
7*00

I OOOO

10000

I OO OO

10000

Cakes strongly Cakes strongly . Sinters slightly. Sinters slightly.
and forms a
light tumid coke
Ash—dark brown. Ash— dark red.
Ash—gray
Ash— gray

♦

Report of a Journey through India in the winter of 1888-89, by Dr.
JOHANNES WALTHER, translated from the German, by R. BRUCE
FOOTE, F.G.S., Superintendent, Geological Survey of India.
(Published originally in the Verhandlungen der Gesellschaft fur Erdkunde zu Berlin,
No. 7, 1889.)
In November 1888 I undertook a journey to India and Ceylon in order to make
comparative studies of the physical qualities of the continental and marine sedi
ments which are formed and deposited under the influences of the tropical climate.
For such researches India appeared to me specially adapted as, thanks to the
English Government, it is more easily accessible in all parts between latitude 6° and
30° N. than any other country within the tropical zone. It is the home of the
Laterite and of the Regur ; its coasts are fringed by recent and sub-fossil coral reefs ;
and in the south are even marls, limestones, and coral reefs of mesozoic age, which
having been formed and metamorphosed within the tropics would yield admirable
material for comparison.
Mr. Carl Rumpff, Member of the House of Deputies, took an interest in my
problems and accorded me notable assistance; but unfortunately this noble-minded
man, so inspired with love for natural science, was cut off by a sudden death shortly
after my return. Both in North India and Ceylon I had the good fortune to have in
Professor Dr. F. Exner, of Vienna, a fellow traveller who took a lively interest in my
studies and to whom I am indebted for valuable assistance.
After spending some time in Bombay to study the admirable sections of the
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Laterite in that neighbourhood, I travelled on to Jeypore in Rajputana, and thence
through Agra and Benares to Calcutta, and from there to Darjeeling ; thence to the
Ganges delta and then back to Bombay. Through the Deccan I proceeded to
Madras and Trichinopoly, and thence, travelling in a bullock cart, I visited the
cretaceous region around Utatur, Perambalur, Maravattur, Arrialur and Cullygoody.
From Madura I drove to PalkOs Straits, spent a fortnight in studying the island of
Ramesvaram and its surroundings, and thence reached Colombo in a sailing boat.
An excursion to the "gem pits" of Ratnapura, and on the Kaluganga to Kaltura,
and thence on to Point de Galle made me acquainted with the low lands of Ceylon
and its bright coloured coral reefs ; another excursion to Kandy, Nuwera Ellia and
Pedrotallagalla was dedicated to the study of the local Laterites. Finally on my
return journey, 1 employed a three weeks halt in Egypt in continuing the work I had
begun there two years previously.
I owe very hearty thanks, for the very kind assistance they afforded me, to the
Officials of the German Consulates, especially Mr. Consul-General Gerlich in
Calcutta, Mr. Secretary Junckersdorf in Bombay, Mr. Consul Gerdes in Madras,
Mr. Consul Fudenberg in Colombo ; also to Dr. King, Director of the Geological
Survey of India, Dr. Thurston, Director (of the Museum), Madras, Mr. Collector
Fawcett at Trichinopoly, and Mr. Collector Turner at Madura, without whose kind
help it would have been impossible to have made so large a number of observations
in a relatively short. time. As the thorough working out of my collections of the
Laterites, Delta and Coast sediments, cretaceous corals from Maravattur, and tertiary
corals from Ramesvaram, may occupy a number of years, I propose to limit myself
in this short report to points concerning the occurrence and mode of formation of
the Indian sediments which I was able to establish when there, and reserve a fuller
treatment of the subject for a later occasion.
Continental Sediments.
1 . Laterite.—The name Laterite is given in the tropics to the products of weather
ing of different rocks, which, though of very variable physical qualities, are character
ized by a red colour. As in our latitudes the weathering of most rocks gives rise
to a material coloured yellow by oxydulous iron ("Eisenoxydul") so under the
influence of the tropical climate a red earth, rich in iron oxide is formed.
Geographical latitude or hypsometric elevation have no connection with the form
ation of Laterite, for it is found equally at Point de Galle in Lat. 6° North, and in
Sikkim in Lat. 27° N., and at the level of the sea at Colombo as well as at an eleva
tion of 8,000 feet on the summit of Pedrotallagalla. The tropical rainy season, with
its constant thunderstorms and the richness in iron salts of the weathering rock
masses, appear of much more importance genetically considered. The darker, in
other words, the richer in iron a rock is, the more intensive is the redness of the
product of weathering. The Deccan basalt, dark varieties of gneiss, garnet gneiss,
and other rocks rich in iron weather into a brick-red Laterite, while pale gneisses
rich in felspar form a pale-red to whitish-yellow product. The mica schists of
the northern slopes from Darjiling down to the valley of the Ranjit, weather to a
greyish-yellow powder, while 2,000 feet above, in the Churchhill Park, a formation
consisting of dark and light-coloured gneiss beds is decomposed into a Laterite
consisting of alternately red, greenish-yellow and brown-coloured beds. (I imagine.
C 2

U2

Records of the Geological Survey cf India.

[VOL. XXlII.

as already hinted above, that the thunderstorms of the tropical rainy season are of
importance in the formation of Laterite, because nitric acid is formed in the air by
the electric discharges and washed down by the rain. These traces of nitric acid,
small though they are, but possibly in combination with the ozone also formed by
the thunderstorms, act as oxidizing agents and produce iron salts richer in oxygen
than can come to pass in temperate climates with fewer thunderstorms.)
The conversion of solid rocks into Laterite takes place just as in our own
latitudes, though with increased intensity, so that Laterites are formed on the surface
and along all points and cracks, and so that at a more advanced stage still blocks
of the original rock occur in the centre of the laterite mass. While in the case of
the Basalt Laterites, the boundary between the Basalt and Laterite is macroscopically
a very sharp one, crystalline rock show gradual transitions from a loosened product
of weathering to a reddish stained one, and finally to a distinctly red coloured one.
But the Laterites themselves when once formed undergo an ever continuous
physical and chemical conversion, so that in this way that great number of varied
laterites comes to pass which makes it so difficult in many cases to pass a decisive
judgment as to the individual phases of formation.
While it is very easy to understand the formation of Laterite in its original situs,
as countless sections demonstrate the process, it is very difficult to judge of the
mode of origin of a laterite in a secondary situs. The transporting and preparatory
powers, wind, rain and surf create very varied formations. Laterite, once it is formed,
is still further changed by chemical processes ; it becomes cellular by the solution of
some of its constituents, the iron salts unite into pisolitic concretions, and by the
action of standing water, or of a thick covering of humus, laterite is locally recon
verted into a yellow loam. Constituent parts are carried away by the monsoons and
give to other sediments which have no connection with the Laterites, a misleading
Laterite colour (facies), and thereby give rise to sources of error in judging of the
gneiss of such rocks.
I have not been able to observe that Laterite has originated in India from lime
stone, marl, or sandstones ; and even the tuff-beds alternating with the basalts of the
Deccan do not give a red coloured product of weathering.
2. The Deposits of the Ganges.—The great plain of Bengal, the domain of the
Ganges and Jumna, is covered by a mighty bed of river sediments brought down by
flood waters from the Himalayas. The river beds have in some cases cut deeply
into these deposits and have exposed fine sections. The innumerable tanks also,
which have been made everywhere, afford good exposures, which show that these
sediments consist of thin layers resting horizontally on each other, corresponding thus
to the several successive inundations. Nowhere did I observe a departure from this
type of thin bedding, and it was only on the bank of the most northerly branch of
the Ganges, at Damukdea, where a wide " dust-plain" stretches out and is but little
cultivated, that the diagonal bedding showed itself in several sections, but here, as
everywhere else, it has come to pass not under the water but by the action of wind.
In the region of the Sunderbans, in the environs of Diamond Harbour, where I gave
a whole day (in a boat) to the study of the sections in the banks of the Ganges
branches, I saw, without exception, nothing but thin-bedded sediments. What
especially struck me there, was, that I could nowhere find traces of imbedded wood
and other plant remains. With reference to calculations as to the amount of sedi
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ment carried into the sea within any given time, one observation I made is by no
means devoid of import, namely: when the flood tide commences the whole con
tents of the Hugli are driven up stream with such force that it is impossible to row
down stream even with a pair of rowers.
If the sediments of the delta are compared with those, which occurring further up
country form, for example, the river banks at Benares, it is a striking fact that here
the sediment is divided by strings of calcareous concretions into hard and soft beds.
In treating of the Laterites I have already referred to the formation of concre
tions as a phenomenon brought about by subsequent metamorphoses of the original
laterite rock, and, as I shall have to describe later on, concretions of considerable di
mensions appear characteristically in the cretaceous sedimentary rocks of South
India. The occurrence of such concretions in river deposits, in marine sediments,
and in continental laterite formations, appears, therefore, to be a common and dis
tinctive structure in various tropical sedimentary formations. I trace back the origin
ation of these to the fact that during the tropical rainy season all sediments (forma
tions) are percolated by water, but become desiccated during the dry season.
By this alternation of permeation by water, mineral solutions are formed in the
sediments periodically and are periodically precipitated. In this way certain calca
reous beds will become increasingly rich in lime at the expense of the whoie forma
tion percolated, and similarly certain iron holding parts will become increasingly rich
in iron. The mineral composition of the sediment becomes dissociated, and the
individual mineral particles are separated from each other.
In this wise originate these concretions which may be regarded as phenomena
typical of many of the India sedimentary rocks.
3. Regur.—The gneissic rocks at Torramangalam near Perambalur are covered
by that mysterious black soil which is known as cotton soil, or Regur. Little gullies
have been cut into it in every direction, and the sections show an unbedded dark
black soil from 50 c. m. to 1 metre in thickness. Close to large gneiss rocks which
stand up out of the level ground, the black colour decreases, and through the ad
mixture of the light-coloured weathered gneiss the cotton soil changes into a grey
earth. No red lateritic colouring was visible on the gneiss, but only a few kilometres
further on high termites' nests built of red laterite were common enough under fig
trees and casuarinas. As to the mode of formation of the Regur I have been unable
to form a conclusive opinion. Perhaps the spreads were once swamps, such as are
common in South India, whose peaty mass was subsequently desiccated. The as
sumption of a Loess-like origin for the Regur appears to me an improbable one.1
1 Dr. Walther would appear to be unacquainted with Hislop's theory of the subaerial ori
gin of the regur, which is now generally accepted by Indian Geologists as the most satisfactory
explanation of the formation of this wide-spread form of soil. If Hislop's theory that the regur
is an old forest humus be admitted, it becomes easy to understand how it can stretch unchanged
over contiguous rocks of the most varied character, as the Dharwar and Deccan traps, granites,
gneisses, limestones, quartzites, schists and shales, modern laterites, and alluvia, and how it can
have been formed on the tops of many small isolated plateaus where the existence of lagoons
was a physical impossibility. The question was ably discussed by Mr. W. T. Blanford, F.R.S.,
in the Manual of the Geology of India, pt. I, p. 43a.
R. B. F.
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4. Blown Sands.—It is known, through Foote's investigations, that large areas in
South India are covered by beds of blown sand. High dunes are there met with,
of which the so called " teris" appear (0 deserve more special attention. These are
sand hills of intensely deep red or brown-red colour which occur on the South
Indian coast from Tutikorin to Carricall 1 and give the landscape an uncommonly
strange appearance. As I easily satisfied myself Foote's views regarding them are
perfectly correct, namely, that the red colour added to the sand of the dunes, is
nothing more than laterite dust, which the monsoon winds have mixed with it, and
thus given them so typical a colouring that one might believe oneself to be looking
at a sandstone weathered into red sand. (The red colouring which the river sands
of the Sone, the Cauvery and other Indian rivers show, appears to be due to similar
processes.) "Teri" sand appears also on Rameswaram island, in several roadside
sandpits between Paumben (also written Pambam or Paumbam) and the town of
Rameswaram.3 As a great part of the island , and particularly the long spur stretch
ing away to Thanus Kodi point, consists of light-yellow blown sand, it would appear
that at present the monsoon can no longer convey the laterite dust as far as the
island.
1 Dr. Walther has here fallen into an error as to the distribution of the "teris" or red
blown sands, which according to him lie along the coast between Tutikorin and Karikal. Those
that I am acquainted with in the south of the Peninsula, and have described in my Memoir on
the Geology of Madura and Tinnevelly Districts, and in a paper on the Geology of South Travancore, in Vol. XVI of the Records, Geological Survey of India, all lie near the coast (but
never actually touching it) beginning from a point 20 miles west of the Pamban Channel, and
extending round to a point near the coast of South Travancore, some 26 mites north-west of
Cape Comorin. I am unaware of the occurrence of any true teri sands on the east coast of
Madura (Palk's Bay), and I certainly met with none in the south or east of Tanjore District.
To my apprehension the true teris cannot be traced within 20 miles of the Pamban Strait, and
the rusty-coloured sand seen in sandpits along the road between Pamban and Rameswaram
town, is not a true red-coated teri sand, derived from the inframontane band of red loam, but
common sand formed of discoloured quartz.
R. B. F.
a Here, again, Dr. Walther has understood my description of the origin of the Teris in
quite a different sense from that I intended to convey. 1 do not regard the teris as coast dunes,
merely discoloured by a lateritic sand being blown on to them ; on the contrary, I regard them
as of totally distinct origin. The true coast dunes are formed entirely of sand thrown up on
the beach by the heavy surf which breaks incessantly on the coast. They contain a very large,
but equally variable, percentage of comminuted shells mixed with the ordinary drab or buffy
quartz sand, but containing also a perceptible quantity of garnet and magnetic-iron sand equally
blown up from the beach. The teris, on the contrary, consists entirely of quartz sand, coloured,
red externally by a coating of red loam, but limpid if washed with dilute acid. I examined
many samples from many teris most carefully with a powerful lens, but in none did I discover
any other mineral, though I fully expected to find comminuted garnets in great quantity
because of the immense number of small garnets included in many of the gneissic beds form
ing the Southern Ghats and their spurs, and from the outliers of which the teri sand must have
been originally derived. The teri sand has derived its red colour from the deep red loam
formation, which forms such a remarkable band along the foot of the Southern Ghats. The
surface of this red loam is scored by the heavy westerly gales of the summer monsoons, carried
eastward or north-eastward, and dropped near the coast, but not, except in a few places,
in actual contact with the coast dunes. It is only where the contact takes place that the Teri
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II.—Adam's BrIdge.
From Cape Toniturei to Manar extends a sand barrier which is recognized by
its structure and origin as a formation throw/l up by the storm-driven surf waves, a
formation which is of equal interest to the lover, of old Indian myths, as to the
Geologist and the student of the geographical distribution of animals. Indian
legends tell of the building of this land connection between India and Ceylon, and
historical accounts relate that it was severed again during the middle ages, while the
geologist recognizes the fact that this process of the destruction and reconstruction
of Adam's Bridge had already once before taken place in long past prehistoric
times. The seas between Ceylon and India are shallow, and only vessels of small
draught can navigate them.1 From May to October the south-west monsoon waves
break against the bridge, and from November to April the north-east monsoon
brings its waves here, and creates such a constant current, that at Toniturei point,
sand gets mixed for a little distance with the beach sand, and so comes to contain comminuted
shells.
The absence of garnets is certainly a remarkable fact, and as yet not satisfactorily ac
counted for. I have not had an opportunity of examining the constituents of the red loam at
the foot of the Southern Ghats since observing the absence of garnets from the teri sands, so
am unable to assert or deny the presence in it of garnets. Possibly the ferruginous materials
among the original constituents of the red loam have been entirely decomposed, and are there
fore no longer to be distinguished from the general mass of the loam in which the far more
durable grains of quartz are included.
The source and the age of the great red loam band which forms so striking a belt along
the foot of the Southern Ghats have yet to be ascertained, the high ranges and the inframontane tract not having been geologically examined as yet. It is very likely they may
contain beds even richer in iron than the garnetiferous and hornblendic beds which they
are largely made up of. They were too densely covered with forest, in most parts, to allow
me to gain anything like a complete idea of their structure from a mere rapid traverse
of the Mahendragiri plateau and other parts. By far the greater part of the red loam band
lay outside of the area examined by me, and there is yet much to be learnt about it.
There is much also yet to be learnt as to the peculiar distribution of the teris with refer
ence to the coast dunes, but this can ouly be learnt by residence near them and the coast
during the south-west monsoon. From the little 1 casually observed during a brief visit to
Kutalam in 1869 (when I was practically unacquainted with the Teris themselves), I think it will
be found that the location of these red sand hills is mainly due to the action of the southerly or
easterly sea-breeze which meets the red-sand-laden west wind in the afternoon or evening
and makes it drop its burthen by cooling it. The westerly wind appears to carry the red sand
in direct proportion to its own heat. The extraordinary display of flamelike dust clouds such
as I described in my Madura Tinnevelly Memoir (p. 86, Vol. XX, pt. 1, M. G. S. I.) only
took place during the great heat of the afternoon after the wind had acquired a high tempera
ture. Much red dust falls into the sea, but on land the fall does not appear to take place
till the sudden inrush of the cool evening sea breeze sets in.
My actual study of the teris all took place during the north-east monsoon months, and I
had no opportunity of studying the effects of the westerly winds on the coast. The action of
the north-east monsoon on the teris seemed inappreciable, the breezes being, as a rule, quite
gentle, but when the north-east wind is violent the coast dunes are wet either from rain or from
clouds of spray, and the sands are immoveable.
R. B. F.
1 Preliminary steps have been taken towards the cutting of a ship canal across Rameswaram island, which will allow of large ships avoiding the long voyage round Ceylon.
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the sea races to the south with a great current like a rapid mountain stream and a
percepuble fall of several feet. It is quite easy to understand that both these anta
gonistic movements must pile up great masses of sand at the narrowest part of the
strait, and equally so to explain that a raised sand-bank might have been formed,
and thus a perfectly unbroken bridge from India to Ceylon maintained perhaps for
a short time, which would be of very marked importance for the migration of
animals to the great island. It is a remarkable fact that corals live nowhere) on
the sand-bank itself, though the surrounding seas contain many coral reefs, and
Rameswaram island itself is edged by a fossil reef. It would even appear that the
original Adam's Bridge showed a gap in place of the present island of Rameswaram
which gap was closed later on by the growth of the coral reefs. And when the com
munication between the Indian Ocean and the Bay of Bengal was thus interrupted
the waves sought another passage and again destroyed the sand.
It appears to me that at the present day more is being destroyed than constructed
in Palk's Strait, for the sand bridge is everywhere showing scarps and well-exposed
sections. In contrast to the well-bedded sediments found at the bottom of the sea,
or in the inundation areas of great rivers, and in contrast to the typical discordant
parallelism of structure, or diagonal bedding, shown by unfossiliferous aeolian sand
stones, a sedimentary deposit is formed, in the surf zone of the sea coast, whose
structure must be designated as irregular bedding, as it is a strange intermediate
between bedding and diagonal (false) bedding. If one considers what strange
changes sandy coasts undergo through surf-action, how they are now worn away,
then washed up again, now piled up, and then again undermined so that they crumble
down, one can understand that in the domain of the surf a sediment is formed in
which no regularity of structure is recognizable, and in which all types of sedimen
tary structure may occur. Such is the building up of the Adam's Bridge. But what
is most striking in these sections is, that a great part of the same consists of small and
great blocks of sandstone which being cemented together by a sandstone matrix form
a giant conglomerate. We must conclude from this that Adam's Bridge existed once,
a long time ago ; that it was destroyed by unexplained causes, and that the fragments
were again re-cemented only to be broken asunder again in the beginning of the
fifteenth century. We thus learn from the sections that a land connection between
India and Ceylon existed twice, and has been twice interrupted, and that more than
one migration of the fauna from India to Ceylon could have taken place.
III.— MarIne SedIments.
1. Living coral reefs. The reefs of Palk's Strait and the Gulf of Manar present
a totally different aspect from those of the Red Sea, as Madrepora Corymbosa, which
is so common there, is a rarity in the Indian Seas. The genus which determines
the character of the Indian reef is Porites, which attains to an immense development.
Masses of Porites, two metres in height, and five metres in diameter are by no means
rare, and by the side of these tower-like massive forms the branching Madreporidae, the
Pocilloporidae, &c., appear to be nowhere. Nearly all the Porites are dead at their
summit, and growing only along their periphery. As the ebb-tide falls considerably
here, and uncovers great areas of the reefs, it is quite possible that the summits of the
corallites died from this cause ; but I saw many cases of Pocillopora corallites stand
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ing 4 centimetres over the water without its appearing to injure them. As Professor
Mobius has observed, and as I have been repeatedly able to confirm, corals secrete
during low ebb-tide a great deal of mucus which covers the whole corallite and
protects it from drying up. When corals are taken out of the water this mucus
drips from them for a long time and in considerable quantities.
Between the Pontes " towers," and the branching growth of the smaller corallites,
a calcareous sand is formed filling up the spaces, to which many impurities are add
ed, and which is mostly of grey colour. With the flood-tide the water became
rather turbid, but I could not observe that it was directly injurious to the life of the
corals.1 The genus Porites at least seems unsusceptible to the turbidity, but perhaps
the smaller number of species of the other genera may be explained by its exist
ence. At Shingle island a breakwater composed of broken coral branches rises \\
metre above the level of the sea. The reefs around Currysuddy island were ex
posed to a depth of 30 centimetres at ebb-tide, and appeared to be mostly dead, from
which I incline to infer that the negative displacement of the strand indicated by the
sub-fossil reefs continues to the present day.
Here, as everywhere, the calcareous algae play a great part in the living coral
reefs. It is, thanks to them, that the dying and dead corals are encrusted with lime
and cemented together. By this service they become as important for the structure
and formation of the reefs as the corals themselves. After much cruising about in
vain, I succeeded in finding near the east-cape of India8 a considerable colony o,f
Lithothamnium at a depth of 2-20 metres in the middle of the fringing reef. All
the specimens brought up by my divers were grown on branches of coral. The mass
of the algae attained to pretty considerable dimensions. Tridacna was not seen by
me. Foraminiferous sands, such as are so common on the Red Sea reefs, I also
failed to observe, and altogether pelagic life, with the exception of innumerable
physalia, and some janthinas, spirulas and nautilus shells, appeared to me rather poor.
A whale, 6 metres long, had been drifted on to the north coast of Rameswaram.
2. The Sub-fossil Reefs.—Around the coast of Rameswaram, on the west, north
and east sides, occurs a terrace two metres in height which has been destroyed by
the surf in various places, but always re-appears again after short interruptions and
continues its course as a uniform band. On the opposite Indian coast the same
terrace is recognizable at Toniturei point, but the view that it must here be regarded
as a fossil coral-reef is incorrect, as the sandstone there contains but few coral frag
ments and nowhere any entire corals. But its occurring at the same level above
the sea, and the intercalation of similar sandstones in the sub-fossil reefs of Rames
waram, appear to justify one in regarding the two formations as synchronous, as was
1 Where the porites corallites grow with flattened, often melon-shaped tops, they appear to
suffer a good deal from the precipitation|on them of the suspended clayey matter causing the
turbidity of the water, and the polypes on the flatter parts are killed. This I noticed in many
instances on the fringing reef near the Pamban lighthouse, and in all cases where this had hap
pened, a small deposit of very fine mud lay on the surface. Where the corallites had grown into
more pointedly mamillate shapes the precipitated mud had found no resting place and the poly
rpes were flourishing.
R. B. F.
* By the east cape of India Dr. Walther presumably means the Toniturei spit.

I18

Records of the Geological Survey of Ind1a.

[VOL. xxuI,

done by Foote in his map.1 For not only do the sandstones and coral limestones
appear as heteropic sediments, but the fossil reefs themselves show such a change in
their petrographic quality, that one would have to regard certain contiguous parts as
totally distinct and varied formations if their continuity and synchronism were not
placed beyond doubt by an investigation of the locality.
Foote regards the "reef" band as sub-fossil, and after seeing the hardly altered
corallites on the west side (of the island), and studying the reef of Currysuddy
island which are still standing in the sea, but have lately died, no further doubt can
exist that the " reef " band, now raised 2 metres above the level, is a very recent
formation.
It would appear that the coral fauna of the fossil reef is identical with that of the
living one, but nevertheless I endeavoured to make as complete a collection of the
fossil corals as possible, as the recent fauna is being very thoroughly worked out by
Dr. Thurston in Madras. Perhaps on completion of his monograph it will be feasi
ble to give an exact opinion on the near relations of the two faunas. As on the
living reef, so also in the fossil reef on the western coast, do the great colonies of
Porites occur frequently, and attain to a height of 2 metres and a diameter of 5, and
stand up on exposed parts like old watch towers. Not only the edge of the coast
consists of coral, but also a great part of the land itself, for a lagoon in the interior of
the island (the remains of a former atoll-lagoon) is connected with the beach by a
channel some 500 paces in length, which, for nearly the whole of its length, runs
through a coral breccia, enclosing a rich molluscan fauna.
On the north coast (a short stretch of which I was unable to visit), the same
barely altered materials are met with in the reef, and on the north-east coast large
land shells occur very numerously among the corals, which shells must have been
washed into the sea by violent rains and have drifted out to the reef when forming.
A. remarkable change is observable in the character of the uniformly con
tinuous reef soon after passing this point ; instead of the friable, loosely-cemented
coral breccia, the reef on the east coast shows a dense rock ringing under the ham
mer, and consisting of coral fragments so densely cemented by a red medium that
one appears to have a red and white mottled Alpine limestone before one.
In the extension of the " reef " band towards the great temple, the structure of
the reef changes yet once again, and in place of the red marble, appears a lime
stone consisting entirely of calcareous algae (Lithothamnium) with a few scattered
coral masses. To the south of the temple appears blown sands which make up the
rest of the coast.
About a kilometre inland, from the fossil algae bed, quarries have been opened
in which again another variety of reef rock is exposed. Instead of the bricjs red
cement of the coast, the coral branches are here covered by sinterlike grey encrusta
tions which cement them together.
We find thus among the sub-fossil, synchronous coast formations of Palk's Strait,
a great variety of heteropic sediments, which in some places are hardly changed, and
at others strongly metamorphosed, and deduce from that the fact that the metamor1 Memoirs of the Geological Survey of India, Vol. XX, pt. I, "Geology of Madura and
Tinnevelly Districts."
R. B. F.
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phosis of such rocks is not a general process, but only a local one induced by local
and temporary causes.
3. The Reef-rocks of the Cretaceous age.—On looking north from the high
pagoda-crowned Trichinopoly rocks, a group of hills is seen rising from the wide
level plain, which hills 1 belong to the upper cretaceous system whose rich fauna
is well-known through the labours of Blanford, King and Stoliczka. Blanford's
statement 1hat imbedded coral limestones occur in that quarter induced me to
examine it rather closely, and to look up all the coral limestones indicated on his
map.8 The kindly recommendations of Mr. Collector Fawcett to his village head
men rendered my bullock cart journey through those out-of-the-way villages very
materially easier, and I was everywhere received in the most friendly and most
original way.
I wished to begin my studies at Cullygoody and end at Utatur, but the utter
ignorance of my drivers took me already in the first night in a completely wrong
direction, and in order to avoid repeating a ten hour's journey, I commenced with
Utatur and reached Cullygoody eight days afterwards.
At Utatur resting on the granite are sandstones with diagonal bedding which pass
up into marls rich in gypsum. Saurian bones of great size and fossil wood are the
only fossils of these beds. Over them lies a bedded limestone which passes locally
into massive unbedded calcareous rock, and which at several points rest directly on
granite rocks without any intermediate beds of sandstone or marl. Individual,
granite blocks are cemented into the limestone. This limestone, which Blanford
designated as a coral limestone, has been strongly metamorphosed, and no fossils are
to be seen in it except spherical outlines the size of a head which might possibly be
thought to represent former corals.
Per contra, the coral limestone at Maravattur, which appears to rest directly on the
granite, is very rich. Individual beds are cut up by planes of bedding, as may be
seen in a small quarry shortly before reaching the village. Nearly every limestone
block shows corals on its surface, and a number of these are well-preserved although
the matrix is crystalline,
Between Parally and Maravattur, Blanford has also indicated coralline limestones.
Although corals occur here pretty numerously, I should hardly like to call this bed
a reef, as the corals belong generally to small encrusting species which are included
in the bedded limestone.
At this latter place I had already been struck by displacements of bedding of
the cretaceous rocks, which had every character of dislocations, and which I could
not explain as original structures.
When I reached Cullygoody, a few days afterwards, in order to study the coral
limestones there, I again found a strong southerly dip of the thick limestone beds
(which had been everywhere admirably opened out to supply materials for the
1 The cretaceous rocks do not themselves form any elevations high enough to deserve
the name of a group of hills as seen from Trichinopoly rock. All the heights visible from
that distance are composed of gneiss.
R. B. F.
a Memoirs of the Geological Survey of India, Vol. IV, pt. I. Report on the Cretaceous
Rocks of Trichinopoly District.
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building of a new Mission Church). Neither the disposition of the bedding, nor the
structure of these detritus-formed, brightly-mottled limestones appear to me to
justify Blanford's assumption that they are original encrusting beds of a coral lime
stone. I prefer rather to regard them as dislocated limestone beds which cannot
be accepted as typical reef-limestones.
While the various limestones described differ in no respect from such rocks in
the north, I was struck by a speciality (already named above) in the accompanying
marl beds of the Trichinopoly cretaceous area ; namely, the wealth of concretions.
Just as in the Ganges deposits, and in the laterites, so here in the marine marls,
occur concretions from the size of a nut to one metre in diameter, and of all shapes,
sometimes as true septaria and at others without internal septa, in such numbers
that I cannot but see in them also a formation that has come to pass under the in
fluence of the tropical climate. My reports on the occurrence of thick graphite
veins in the laterite of Ceylon, on the biological conditions of living coral-reefs, on
the structure of sections through the sub-fossil reef, on erosion phenomena on the
Indian coast and on other series of observations can only appear at a later period.
♦
Report on the Coal-fields of Lairungao, Maosandram, and Mao-be-lar-kar,
in the Khasi Hills, by TOM D. LaTouCHE, B.A., Deputy Superin
tendent, Geological Survey of India. (With 3 Plans.)
I.—The LaIrungao FIeld.
This coal-field, which is of considerable extent, is situated on the ShillongCherra Punji cart-road, which enters it at about 26 miles from
Position of the field.
Shillong and ? from Cherra. Its northern edge extends
along the face of a steep scarp, about 200 feet high, which crosses the cart-road one
mile south of the village of Serrarim, and from the top of which an undulating
plateau slopes gently to the south, where it is deeply indented by the feeders of the
stream that occupies the gorge east of Cherra Punji. Near the northern edge of this
plateau is situated the village of Lairungao, whence the field takes its name, and from
which there is a gradual descent, followed by the cart-road, to the Cherra plateau.
Coal is exposed in numerous places both on the northern face of the hill, and in the
ravines to the south and south-west of the village, all the outcrops which I could dis
cover being marked, with the thicknesses of the seam observed in each, on the accom
panying plan. Indications of coal also occur, on the same horizon, in many places
outside the limits of the plan, but in all cases in which I investigated these, the seam
was seen to have thinned out to an insignificant string a few inches in thickness, and
quite useless.
The conditions under which the coal occurs are very similar to those at Cherra
Punji ; in fact, many indications of coal in the same position
Ch^rraPPun^ncoal-fie*i with regard t0 the accompanying rocks are seen in the inter
vening area, and there can be no doubt that the seam once
extended over the whole distance, large portions having been washed away since its
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deposition. The coal at Lairungao, however, does not appear to be so good in
quality, generally speaking, or so evenly distributed, as that at Cherra. This portion
of the original field probably lay nearer the edges of the basin of deposition, as is
shown by the thinning out of the seam in various directions, and so there was a larger
admixture of foreign matter, mud, &c., with the vegetation that formed the coal.
Portions of the seam, however, appear to be quite equal in quality to the Cherra coal,
and I think that a large proportion of the coal that can be extracted would be found
good enough for all practical purposes. It would be interesting and not difficult
to make a few experiments on this coal, in comparison with that from Cherra, in the
engines on the Cherra-Companyganj State Railway, in order to determine its steamproducing and other properties.
The coal seam, with the whole of the rocks in which it lies, dips with a very
slight angle to the sotfth. The limestone beneath it is not
of thedcoafseam.UrrenCe nearly s0 hi^7 developed as at Cherra, and is occasionally
entirely absent, so that none of the "swallow-holes" so
frequent there, are found in this field, nor do the beds appear to have been faulted
or disturbed in any way. Sections which show anything more than the seam itself
are few, but it can be seen that the floor of the coal is a bed of grey carbonaceous
shale, about two feet thick, underlaid by sandstone, and the roof is a thick bed of
white or buff sandstone, which is very soft where it has been exposed to the air, but
no doubt is harder further in, and would stand as well as that above the seam at
Cherra. A section through the seam on the face of the scarp east of Lairungao
village, where the whole thickness is eleven feet six inches, gives the following suc
cession in descending order :—
Ft. In.
Soft, white, or buff sandstone .
.
.
.
.
Carbonaceous shale
........
2 6
Soft, white, and buff sandstone ....... 10 o
Coal irregular, about
.......10
Shale, very carbonaceous towards the base, with lenticular layers
of sandstone
.........66
Coal
40
Carbonaceous shale
........
2
o
Sandstone .
.
.
.
.
.
.
O
•
The six-foot bed of carbonaceous shale, which makes up the greater part of the
seam, would probably not be worth mining, but it would form a good roof to the
galleries in the four-foot seam beneath it, and might improve further in. In the out
crops on the other sides of the field it does not appear, the sandstone coming imme
diately above the coal ; but in most of them a bed of shale, a few inches thick,
which may represent it, occurs about the middle of the seam, which would have
to be worked out with the coal and picked out by hand afterwards.
On the whole, I do not think it would be safe to estimate the average thickness
of the seam over the area, under diagonal lines on the
coTrtimated quantity of plan, at more than three feet, which would give in round
numbers a total of 1,500,000 tons of coal in the field; a
considerable quantity of this would be worthless owing to the presence of the band
of shale abovementioned, so that I think 1,000,000 tons might be safely put down
as the total quantity available.
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It would be possible to mine this coal in the same manner as that recommended
in the case of the Cherra coal-field, namely, by driving
Methods of min1ng.
,, . .
. . ., . . ,
,
z
,. °
parallel hor1zontal galler1es 1n from the outcrop and work1ng
out the coal between them ; but, except on the southern side of the field, I do
not think this plan would be the best, as the coal would have to be carried to the
top of the hill before being sent down to Cherra. A better plan, I think, would
be to sink one or more shafts at or near the village of Lairungao, so that the
coal could be at once raised to the top of the hill, whence it could be easily taken by
a light tramway laid along the cart-road to Cherra. This would entail the use of
machinery, though it need not be of an expensive character, as the shafts need not be
more than 100 feet deep. Adits might be driven from the bottom of these to the
ravines on the south in order to drain the mines, and the coal might also be drawn
out through them, and taken to the cart-road lower down. Taking into considera
tion, however, the increased expense and the greater distance from the plains,
combined with the thinness and poor quality of the seam as compared with the
Cherra coal, it does not seem probable that this coal could be worked with profit, at
any rate until the sale of coal from Cherra has reached large dimensions, and a
regular market has been established ; or until that field begins to fail, which is not
likely to occur for many years.
Very little of this coal has yet been extracted, but the outcrop has been quarried
j
to a small extent at a few places, and the coal sent in by tart
one u mg remar s.
w gjjijj^g^ mainiy, \ believe, for the use of the Public
Works Department. There seems to be no reason, however, why this coal should
not be brought into Shillong at a cheaper rate than that from Mao-be-lar-kar near
Maophlang, for though it is somewhat further away, it lies directly on the cart-road,
whereas the coal from Mao-be-lar-kar has to be carried by coolies five miles across
a gorge 1,000 feet deep before it reaches the cart-road at Maophlang. The villagers
of Lairungao, to whom the coal-field belongs, do not appear to have ever thought of
carting the coal to Shillong and competing with the owner of the Mao-be-lar-kar coal,
who has a practical monopoly of the trade ; which, it must be said, is a very small
one.
II.—The Maosandram FIeld.
This little field occupies the summits of three small knolls, about a mile and a
„ ..
half north of the village of Maosandram, which lies on the
Posit1on of the field.
.
, 7 .,
.
, t,
narrowest port1on of the r1dge separat1ng the Bogapan1 gorge
from that of the Um Gni, a considerable stream issuing into the plains about 12 miles
west of Chela village. It lies on the path from Chela to Maophlang, and is about
14 miles in a direct line south-east from the latter village. The coal has been
worked to a small extent to supply fuel for lime-burning, as a bed of limestone is irre
gularly developed beneath the seam in a similar position to that at Lairungao and
Cherra ; but otherwise the field is unimportant, as it lies at a great distance from any
good road, and the coal seam is not a thick one and is poor in quality.
As will be seen from the annexed plan of the field, the seam attains in one place a
thickness of 7 feet, but a good deal of this is very shaly stuff
Quantity of coal avail- ^ j &Q not think ^ the average thickness of good coal
able, otc.
.
over the whole area, 857,000 square feet, can be est1mated at
more than 2 feet, which gives a total quantity of about 63,000 tons of coal in the field-
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It has hitherto been worked in open quarries, and as the seam lies very near the top
of the knolls, this is the most economical way of obtaining the small quantity used
in lime-burning ; and it is hardly likely, considering the distance of the field from
any possible market and its limited extent, that this coal will ever become useful be
yond supplying the small local demand.
The beds that accompany the coal are quite similar to those at Lairungao and
G 1 Ocal a e
Cherra, and the coal is of the same geological age, the
e ogica age.
£ocene or most ancient epoch of the Tertiary period, as at
those places.
III.—The Mao-be-lar-kar Field.
This field, though of still smaller extent than that near Maosandram, is of greater
importance, as it has supplied the station of Shillong for many
Position of the field.
,
,
.
,
years, and st1ll cont1nues to do so, though the open1ng of
the cart-road to Cherra has made the Lairungao field more accessible, even consid
ering the greater distance of the latter field from Shillong.
It is situated close to the old road from Maophlang to Cherra Punji, at about
five miles from the former village and 19 from Shillong, near the eastern edge of
the deep gorge of the Bogapani river, which runs between it and Maophlang. The
coal has to be carried by coolies across this gorge, about 1,000 feet deep, before it
can be loaded into carts, which adds much to its cost in Shillong.
The coal-measures, which belong to a geological epoch, the Cretaceous, older
Age and mode of oc than
of the fields at Cnerra, Lairungao, &c., appear to
currence of the coal- have been deposited in a small bay hollowed out of the still
measures.
0^ei quartzites, which form the greater part of the neigh
bouring country, a rib of which is seen at the surface at the northern edge of the
field, where the coal-measures are suddenly cut off by it. On the other sides, to
the south and east, the seam of coal, which is tolerably thick near the quartzite rib
thins out and becomes very shaly, eventually dying out altogether. Where the
seam is best seen, at either side of the ridge on which the village of Mao-be-lar-kar
stands, it is from 8 to 9 feet thick, but only the lower portion of this, about 3 feet
6 inches thick, is good coal, and has been worked. A vertical section through the
beds on the east side of the ridge is as follows :—
Ft. In.
Yellow and white sandstone, about
.
.
.
,
.
. 20 o
Coal, shaly, with much pyrites .
.
.
.
,
,
a 6
Carbonaceous shale .
.
.
.
.
.
.
.
.36
Good coal with layers, containing much pyrites .
.
.
-36
The section at the western side of the ridge is quite similar, the good coal
being 3 feet thick. A few galleries have been driven into the coal from either
side, but have not penetrated through the ridge, and from these the coal is at present
extracted. Other portions of the field have also been worked as open quarries ; but
the soft sandstone above the coal is very liable to fall after being exposed to the air
for some time, and all these workings are now abandoned.
A moderate estimate of the quantity of coal in the field, that is, over the area
O
f c al and under diagonal lines on the plan, gives a total of about
probable ''duration "of 52.°°o tons, which will supply the demand in Shillong,
field.
and this is not likely to increase much for many years.
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I was informed by the owner of the mine, who lives in the village close by, that
from 10 to 12 maunds left the mines daily, and perhaps more in the cold weather ;
but even taking the quantity extracted at as much as 20 maunds daily, the field
should last for the next 200 years.
The coal of this field contains a considerable quantity of iron pyrites, which
1
ks
would render it unfit for use in steam-engines, as the sulphur,
which is one constituent of the pyrites, combines with and
destroys the furnace bars. It has the same effect on the bars of ordinary grates,
but does not destroy them so quickly, as the heat produced in them is not so great.
Otherwise the coal is very suitable for household purposes, as it burns readily with a
good flame, and it would probably yield a very fair quality of gas, if this is ever
introduced at Shillong. The Lairungao coal, however, which does not appear to
contain so much pyrites, would probably be better in this respect; and if a large
supply were required for this purpose, it could probably be obtained at less cost from
that coal-field or from Cherra Punji.
♦
Further Note on Indian Steatite;1 by J. R. ROYLE, CLE., India Office,
London.
In the furtherance of an endeavour to meet a demand for fine steatite for the manufacture
of gas-burners in England, the subject was taken up by the India Office in connection with the
Colonial and Indian Institute. Enquiry was instituted, through a despatch from Her Majesty's
Secretary of State for India to the Government of India, as to the quality and value of Indian
stone suited to the purposes required.
A very fair knowledge of the ordinary features of stone from various parts of India had
already been acquired by the Survey ; while certain localities in the Madras Presidency were
known as yielding very good stone. New specimens were, however, sent down to the Survey
from different districts ; the Madras Government arranging, in the first instance, that their then
Mineralogist, Mr. Bosworth Smith, should make preliminary trials of the stone from that
Presidency as far as means were at his disposal.
A more elaborate series of experiments was then instituted in the Survey laboratory by
Mr. F. R. Mallet, on which he reported in his Note on Indian Steatite, published in Vol. XXII
(1889) of these Records, in which, also, he embodied Mr. Bosworth Smith's notes.
Mr. Mallet, after trial of the specimens from the Madras Presidency, the Central Provinces,
Rajputana, and Burma, came to the general opinion that "although the final selection of
the most suitable material must be left to the gas engineers themselves, it will, I think, be
found that the variety like A 1, from Maddawaram in Kurnool, and the stones from Gulumari in
the Anantapur district, and Raiwala in Jaipur, are among the best, whHe several other samples
appear to be very promising."
All the specimens were then despatched to the India Office for further treatment, the
results of which are given in the following "Memorandum ou Indian Steatite" by Mr. J. R.
Royle, C.I.E., of the India Office, in communication with Sir G. Birdwood, K.C.I.E., C.S.I., Sec.
—Ed.
In accordance with your instructions, on receipt of the specimens of steatite
referred to in the letter from the Government of India, No. 2 (Museums and Exhi1 See Records, Geol. Sur. of India, XXII, p. 59.
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bitions), dated 2nd April 1889, and fully described in the Memorandum by Mr.
F. R. Mallet, I made the necessary arrangements with the Stores Department, and
personally superintended the cutting up of the specimens at the Stores Depot,
Belvedere Road.
The circular saws and appliances at the Depdt, being mainly intended for use in
the manufacture of packing-cases and similar rough work, are not suitable for any
delicate experimental work, but they sufficed for cutting from each original block a
few sample slabs for distribution.
The whole of the samples were then arranged for inspection at the India Office,
and Mr. Sugg (of the firm of W. Sugg & Co., Gas Engineers, at whose request the
specimens were originally asked for from India), was then invited to call and see
them. He selected seven (out of the twenty-two sent from India) as being worth
experimenting on, with a view to testing their suitability for the manufacture of gasburner tops. The remaining samples were pronouced not suitable for the purpose
required, either through their being manifestly too full of hard and gritty specks or
crystals, or through being too flaky to stand manipulation.
The samples selected for trial were —
New Mark.

-Old Mirk.

A

A1

Maddawaram, Kurnool

B
C
D
I
R
S

A2
B 1
B 2
L1
None
None

Maddawaram, Kurnool.
Pendakallu, Kurnool.
Pendakallu, Kurnool.
Pathur, N. Arcot.
Mora, Jaipur.
Mora, Jaipur.

Locality.

Remarks.
This sample was finally approved
of by Messrs. Sugg.

Messrs. Sugg's report on the samples experimented with is appended, and a
specimen of a perfect burner top made from sample A, as well as a damaged burner
top from sample R, showing how a slight flaw in the material makes it unsuitable
for working, are also forwarded herewith.
As a result of their examination, Messrs. Sugg ask that a trial consignment of
five tons of the steatite, sample A (A 1 in Mr. Mallet's memorandum) may be pro
cured for them in blocks averaging six inches cube. The probable cost of this
variety, which comes from Maddawaram village, Nandial taluk, Kurnool district, is
estimated in Mr. Mallet's memorandum to be about 3/. 7$. to 4/. per ton delivered
in London, but I explained to Messrs. Sugg that it was impossible to quote a firm
price until a regular trade in the mineral was established, and that, seeing that the
first order -was so small, the cost of a trial consignment would almost certainly be
increased owing to the initial expenses of selecting suitable blocks of stone. • They
have consequently agreed to pay up to 10/. or 11/. per ton for the five tons ordered,
to include delivery at their works, but they ask that the cost may be kept as low as
possible, and that, if the material can be supplied for less than their limit, they may
have the benefit of the lower price.
So far as it goes this is satisfactory, but it is evident that so small an order as
five tons, or even the possible ten tons a year which Messrs. Sugg might eventually
D
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consume for gas-burner tops, is of little use alone for establishing a trade with India
in the material, and if this is to be done a more extended use for it must be found.
Messrs. Sugg are confident that there must be many uses for it if it can be procured
at a reasonable price, but it has not been possible as yet to arouse much interest in
the subject, although numerous letters with invitations to inspect the samples have
been addressed to makers of gas-fittings, gas-stoves, gas-engines, acid pumps, fire
proof paints, lubricating materials, makers of toilet powders, and others, while atten
tion has also been drawn to the subject by the editor of a paper devoted to- the gas
and water interests.
Since the receipt of Messrs. Sugg's order, endeavours have been made to obtain
further orders for the same variety as that they have selected, but as yet without
success, although a maker of toilet powders and soaps, and of a preparation used as
a desiccant by medical men, under the name of Terra Cimolia laevigata, or
"White Fuller's Earth," has pronounced this variety of steatite to.be good enough
to replace a variety which now costs him about 30^. per cwt.
But the total quantity required for this purpose annually is very trifling, and the
same may be said with regard to the requirements of the various branches of the gasengineering trade.
It has been ascertained that about 90 per cent, of the steatite at present imported
into England from the Continent is in the ground state, in which condition it is used
by various trades. It is estimated that about 3,000 tons of different varieties of
steatite are at present imported annually, and of this quantity probably about 100
tons only are in lumps or slices.
Good crushed steatite may generally be purchased at from, say, 50^. to 80?. per
ton. Of course higher prices than the above are paid for small quantities for
special purposes, but the trade in these special varieties is very limited.
It would appear, therefore, that there is really an ample supply of steatite of
good quality already imported into England, and that the price of small lots for
retail use—in which would be included the small quantities at present used for gasburner tops— is, to a great extent, artificially kept up. One large importer of
steatite, whose letter is appended,1 remarks that "they (i.e., makers of gas-fittings
and toilet preparations) sell their articles at very high figures, and can afford it;
therefore why should not the producer and merchant have a share of it ? "
If we judge solely by this letter, it would seem hopeless for India to compete
with other countries in supplying England with the crushed steatite, which is nearly
all ground by water-power at the place of production ; but it is clear that the importer
in question is interested in keeping matters as they are, and is opposed to the intro
duction of any new supplies. It is, however, manifest that the average prices
fetched by the ground material are so low that it could not pay to import from
India solely for grinding, though if once there were a sufficient demand for the
mineral in blocks, considerable quantities of small pieces and the debr1s from quar
rying would be procurable at a very trifling cost, and could be utilised for packing
around the blocks when shipping them to England.
In connection with the employment of crushed or ground steatite, it has been
ascertained that shipments of this material have been made from this country to
1 See No. 4.
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Bombay ; there is, therefore, probably some demand for it there, and it might be
better to grind steatite of local production in Bombay than to continue to import it
ready ground.
But it is evidently only in blocks or slices that its importation into this country
from India can be really remunerative, and at present its use in this form seems
to be very limited. Meanwhile Messrs. Sugg & Co. are anxious to receive the trial
consignment for which they have asked as early as possible, and I would suggest
that, if the Government of India see fit to comply with the request for five tons of
the Madras steatite, an additional supply of one or two cwt. of the same should be
sent to this office, and that on its arrival here the attention of all trades interested
in the matter should be drawn, through a paper such as the Journal of the Society
of Arts, to the opportunity afforded them of procuring good samples free, for ex
perimenting with a view to a more extended use of this material.
J. R. Royle.
6th November 1889.
No. 1.
V1ncent Works, Regency Street, Westm1nster ;
2nd August 1889.
Dear S1r,
In reply to your favour of the 1st instant, we enclose report showing
result of our tests of the samples of steatite received from you, from which you will
see that samples A and C are very good, particularly A.
Would it be possible for us to get five or ten tons of A for trial, and in what time
could we have it after ordering ?
Yours faithfully,
(Signed) W1ll1am Sugg & Co., Lim1ted.
J. R. Royle, Esq.
Enclosure in No. 1.
Report of Tests made w1th Samples of Ind1an Steat1te rece1ved from
Mr. Royle.
Sample A.
Cut eight blocks for 5-feet T tops ; burned well inside [and outside ; no waste,
all good in slotting and screwing ; eight good burners, all baked well.
Sample C.
Cut six blocks for 5-feet T tops ; worked well, but rather gritty ; slotted and
screwed well ; none bad ; six good burners, all baked well.
Sample D.
Cut nine blocks for 5-feet T tops ; rather flaky, but worked well ; three blocks
split and broke ; six good burners ; slotted and screwed well, not so good as samples
A and C ; baked fairly well, not so good as A and C.
D 2
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Sample R.
Cut eleven blocks for 5-feet T tops ; two broke in first process, one chipped in
slotting ; rather flaky, but worked well, no grit ; slotted and screwed well, not so
good as samples A and C ; eight good burners ; baked fairly well, similar to D.
Sample S.
Cut seven blocks for 5-feet T tops ; three spoilt in first process, two chipped in
slotting ; two good burners ; too flaky, but worked well ; not so good as any of
the other samples ; baked fairly well.
Sample B.
Soft, but full of iron pyrites ; too dangerous for tools.
Sample I.
Hard, and very dangerous for the tools ; almost too hard for the saws.

No. 2.
V1ncent Works, Regency Street, Westm1nster ;
8th August i889.
Dear S1r,
We thank you for your favour of the 7th instant, and in reply beg to
say that we should not mind giving 10/. or 11/. per ton delivered here for a sample
five tons of this steatite, for trial. We cannot offer any higher price, as there is
always a certain amount of waste which cannot be utilised, and which is not so good
as the sample. Of course, if it could be procured for less, we should be pleased
to have the benefit of the reduction. When our Mr. David Sugg had the pleasure
of calling upon you, he understood you to say that this steatite was easily procurable,
and, so far as selecting it wa6 concerned, this did not appear to be very necessary,
inasmuch as he understood that the quarry yielded a large stone similar to what
he saw in your sample-room.
We trust there will now be no difficulty in obtaining this sample five tons, and,
with regard to payment, we should be willing to pay for the material on delivery.
Yours, &c,
(Signed) W1ll1am Sugg & Co., Limited.
J. R. Rotle, Esq.
No. 3.
V1ncent Works, Regency Street, Westm1nster ;
13th August 1889.
Dear S1r,
In reply to yours of the 1 2th instant, we beg to thank you for the
trouble you have taken to procure steatite for us.
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We trust that the cost will be kept as low as possible, and, if the material can
be supplied for less, we may have the benefit of the reduction.
There would be no hesitation in paying 10/. per ton if one could be sure of
obtaining the quality approved of.
There should be a big field for this mineral, provided the price can be kept low.
There must be numbers of articles which could be made out of steatite, such as
ornaments for instance. The burner trade alone would not be sufficient to warrant
a big trade with this mineral.
Again thanking you,
We remain, &c.,
fot William Sugg & Co., Limittd,
(Signed) Dav1d W. Sugo.

Nd. 4L1verpool ;
29th October 1889.
Dear S1r,
I have your favour of yesterday, and shall only be too happy to give
you any information that shall lead to business to mutual advantage.
I note that you mention that the cost price laid down in London for the quality
for grinding is 4/. per ton, but even so it is practically out of the market in com
parison with other productions. For your information I send you herewith sample
of steatite marked No. 54, which, including bags and everything, can be done here
at your lowest point of 8ar., and this is as pure as yon can possibly have the article.
Of course it sells for something more than that figure, but at the figure named it can
be laid down here, and in large quantities.
Wfth regard to slices, you are quite right Engineers have been accustomed to
pay the figure you name, and why should they not? They only use a very small
quantity. I suppose that 10 tons per year will cover the whole of the consumption
for that purpose in England. That you see will never pay the miner, especially at
the figure you put it down at ; and if you think of encouraging shipments of the
Indian article at the price you name, you will spoil a trade, and to no purpose.
There are other shapes and sizes which you have not touched upon, which also
bring fair prices ; but practically this is only a retail trade, and at present not likely
to be of any size.
As to the toilet powder manufacturers, this is similar. The most insignificant
part of the trade altogether, and what small quantity they do use it must be the very
finest, and then they must pay a good price for it. They sell their articles at very
high figures, and can afford it; therefore, why should not the producer and mer
chant have a share of it ?
I can bring in steatite here of a very good quality, ground, bagged, and ready
for consumption, at something like 50*. per ton. I can see, therefore, that it is
quite impossible for India to try to supply this market in competition with other
productions.
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You are not perhaps aware of the fact that here, in our own country, we have a
very fair deposit of steatite, but it has not been workable to any extent, because the
article could not be transported to the mill and ground to compete with foreign pro*
duction. I am going to make a further trial of it in my own mill ; still, although I
may do as well, I am not in hopes of doing better than I can do from abroad.
I may inform you that this is a trade in which I have been engaged for the last
1 5 to 20 years, and I am the largest importer of the article. This year alone I shall
have run through something like 20,000 bags.
•
*
*
•
•
•
•*
Yours, Ac,
(Signed) George G. Blackwell.
J. R. Royli, Esq.
♦

Provisional Index of the Local Distribution 0/Important Minerals, Miscella
neous Minerals Gem Stones, and Quarry Stones in the Indian Empire,
by W. KING, B.A., D.Sc, Director of the Geological Survey of
India {continued from p. 286, Vol. XXII).
MADRAS.
IMPORTANT MINERALS.
Coal, C. Iron Ores, /. Gold, G. Petroleum, Oil. Salt, Sat.
Mineral or
Stone.

Locality.

COAL, C. . GODAVARI—

Beddadanol

Lingala .

.

Reference.

Other
Minerals.

...

Cly. Cor. D.
Gar. Grt.
L1m. Ltr.
Plm. Q.
Sal. Snd.
Trp.

Remarks.

, Man. III, 71 ; Mem.
XVIII, 195 ; Rec.
V.1IS; VII, 159;
XV, aos.

38 miles W. N. W.
of Rajahmundry.
The fIeld was
tested by boring,
but without any
good coal being
found.

Man. HI, 71 ; Mem.
XVIII, 194; Rec.
IV, 59-

Outcrops of coal in
the
Godavari
river. Interest is
again being taken
in these outcrops
by applicants for
leases.
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MADRAS—continue!.
IMPORTANT MINER ALS—cont1nued.
M1neral ot
Stone.

Reference.

Locality.

Other
Minerals.

COAL, C- Godavar1—contd.
contd.
Madaveram (or Da- Man. III, 71 ; Mem.
marcherla).
XVIII, 192; Rec.
IV, S9-

Malabar—
Beypur .

.

NlLOIRlKunda Mts. .
Ootacamund.

Wainad

•

Remarks.

A well defined coal
field, mainly on
the Nizam's side
of the river, on the
Damarcharla side.
On the British
side, only 25,000
tons of coal are
considered avail
able; fresh interest
is being centered
on this field, 1890.

Madras Jour. Lit. & Ltb. ,
Set. XI, 239-242;
Cat. of Minerals,
Ores, and Rocks,
Mines, Central
Museum, 1890, p.
IS-

Lignite and ligne
ous shale. Also
other places along
the West Coast as
far as Warakilli in
Travancore, and
northwards into
South Kanara.

Man. III, 12o. Clv.G. Grt. Peat or
turf.
Jour. Soc. Arts,
I.
L«. Numerous peat
1871, 201, 266.
swamps
or
bogs,
OCHR.
District Manual,
utilised to some
extent ; might be
96.
tried on proposed
new hill railway.
...

N1zam's Dom1n1ons— See Nizam's Domi
nions.
Aksapur .
.
•
Antargaon
.
.
Alapali .
•
Bundella .
.
. )
Chinur .
.
. ^ Man. III, 72-75
Damarcherla .
Kamarum
Sasti
Singareni
Tandur .

...

Many peat swamps.
The land of
swamps.

Coal noticed inci
dentally here, as
great part of the
territory is usually
talked of as in the
Madras
Presi
dency.
Singareni is now
in full working
order; turning out
over 100 tons a
day.
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IMPORTANT MINERALS—continued.

Mineral or
Stone.

COAL, C— PONDICHERRV—
Bavur (Bahour)
concld.

Salem—
Shevaroy Hills

Other
Minerals.

Reference.

Locality.

Cl. Grt. Two peat swamps
of good size, not
Ltb.
used as fuel at
present.
R. B. Foote.
A bed of peat is
here exposed at
ebb- tide only. It
consists mainly of
leaves and fruit*
of dicotyledenous
trees.
Lignite, ligneous
shale, trunks of
trees. No value.

.

South Arcot—
Tolum, ferry over the Man. IV, 253
Vellar.

IRON ORES, Brllarv—
Copper
Mountain
/.
range (3).
Kalhalli Sadda range
(4). t
Mallapa9betta
range
£
CO' Naddevi band (8) .

Rec. XV, 93- 94.

Rec. XXH, 27

.

R. B. Foote
Rec. XXI, 51
R. B. Foote

. Rec. XIX, 104—
107 ; XXH, 24—
37.
Sindigiri Hills (7)
R. B. Foote
Teligi Hills (S)
Doi dot .
Timlapur Band (6) . Do. do. .
Yellapaduga BanA(a) Do. do. .
Sandur Hills (1)

Peat. In tfte allu
vium, at depths of
203 to 330 feet.
Contains a very
large percentage
of moisture and
ash. An attempt
was made to work
this deposit and
compress its ma
terial into bricks,
but the scheme
fell through.

Rec. XVII, 194 .

Travancore State —
Warakilli
Quilon.

Remarks.

*•«

These localities are
numbered accord
ing to their impor
tance. The dis
trict is immensely
rich in haematitic
ores of fine quality,
all belonging tothe Dharwar Sys
tem. Smelting is
carried on to a
considerable extent at Kamalapur,
Kannevi,
Lalli.Siddaga! and
Marra vanhalli.
Many of the beds
' in the Sandur
Hills are manganiferous.
Ochreous beds of
very varied colors
are
associated
with iron beds.
\
R. B. Foots.

KlNG : Prov1sional Index.
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MADRAS—centinutd.
IMPORTANT MINERALS—continued.
Mineral 01
Stone.

Locality.

IRON ORES, Ch1ngleput
l.— contd.

Reference.

OtherMinerals.

Remarks.

Man. III. 56 ; Mem.
X, 131. D1strict
Manual.

...

' Many parts of the
lateritic deposits
are rich enough
to give a fair qua
lity of iron.

District Manual, Brl. Cly. The district ha*
2"4.
Balfour's Grt. L1m. no* been surveyed.
Cyclopaedia, Art. N1t. Q. Iron ores occur
Sal, Sop. locally, and are
Iron.
smelted by the
natives in some
places; but no
1nformation . is
available as to the
sources of the
ores.
Cuddapah Man., 26.
. Mem. VIII, 280.

COIMBATORE
Bhavani
Chennimalai.
Kinattukadavu.
Mulnur.

CUDDAPAH —
Chintakunta .
Chintulcherru .
Nerrabyle. •
Yerraguntla Kotta . Man. 111,357.
GODAVARI—
Chittapuru

Man. III, 358; Rec.
IV, 114 ; V, 26.
Man. III, 358;
Mem. XVI, 255.
Man. III, 3S8;
Heyne's Tracts
218—225.
Man. III, 358;
Mem. XVI, -255.

Golapili .
Lutchmipuram .
Polarum .
Rajahmundry .

Man. III, 358;
Heyne's Tracts,
218—225.
Man. III, 358;
Mem. XVI, 255.

Ramankapet .
Tripati

.

KlsTNA—

Guntur

. •

.

Jaggaiapetta

•

,

.

Iron furnaces.

...

Ore derived from
sandstones.
Furnaces.

Ore derived from
sandstone.
Furnaces.
Ore derived from
sandstones.

Cly. D. Gar.
Grt. Lm.
Lte. Plm.
Q. Slt.
Sno.
Silicious ore.
Catalogue of Mi
• ••
nerals, Ores, and
Rocks, Madras
Central Museum,
6.
The country north
Mem. VIII, 294 .
of the Traveller's
Bungalow is co
vered with debris
of very rich hae
matite which is
smelted.
*••
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MADRAS—continued.
IMPORTANT MINERALS—continued.
Mineral or
Stone.

Locality.

Reference.

IRON ORES. Kurnool—
/ —contd.

Gani Hill.
Golchinpollam
Kuddamal Kalwa
Ramulkota

Rudrar

Man. III, 357; Mem
VIII, 277, 279!
District Manual,
97Ditto.
Ditto.
Ditto

.

Kottampatti

Chembrassin .
Kolangodu
Kottayam Taluk

Man. IIL347 J Mem
XX, 98.

District Man. II,
ccclx and ccclxvii
Buchanan's Jour
ney. II, 386.
District Man. II,
cccxv.

Mangada
Melattur
Nemini .

Tachambara

Vettatur

Gunnigal Hill, in
the ne1ghbourhood,
is in great part
made up of pure
specular iron ore.
In the Sirvel taluk.
Chief smelting
place.

Grt. Lte,
Sal. Snd.

Malabar—
Arakkaparamba

Porur

Mostly
hasmatite
and specular iron
ore.

Man. III, 357 j Mem
VIII, 277, 279;
also Madras Jour.
Lit. and Sci., XX
New Series, 299.
Ditto.

Serinapur
Veldurti Hill.

Pandikad

Remarks.

Cop. D. Grt.
Lo. L1m. Q
Slt. Snd.
Sop. Trp.

Bachapilli

Madura—

Other
Minerals.

The Iateritic beds
are remarkably
rich in iron in
many places.
Haematite in quartz.
Not worked now.
Haematite and mag
netite in gneiss.
B lack
magnetic
iron sand.
Iron occurs in varIous parts of the
Taluk. Not
worked.
Lateritic ore. Mina
abandoned.
Mines abandoned.
Magnetite in gneiss.
Still worked.

District Man. II,
ccclix & ccclxv1i.
Magnetite in gneiss.
Still worked.
Still worked. Mag.
netite and haema
tite occur in the
gneiss near this
place.
Mines abandoned.
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MADRAS—continued.
IMPORTANT MINERALS—continued.
Mineral or
Stone.

Locality.

IRON ORES, Malabar—contd.
I,—contd.
Wainad Taluk .

Reference.

District Man., II,
cccxxxii.

Cly
Gar.
Gyp.
Lte.
Snd.

Nellore-

Chundi Hills .
Gundla Kamma

Other
Minerals.

Remarks.

Iron occurs in va
rious parts of the
Taluk but is not
worked.
Note.—The Beypur Iron
Works have been
closed for many years.
There Is no Iron ore at
Beypur ; It was only
smelted
there.
Cop.
Grt.
L1m.
Sal.
Trp.

Man. III, 353 ; Mem
XVI, 17, n, 103.
Nellore Man., 63.

Magnetic iron beds
of great size.

Konijedu.
Ongole.
Shinampudi Tippa

Magnetic iron beds
of great size.

N1lq1r1—
Dodabetta
]akatala (Wellington)
Karachola
Nosth Arcot—

Yerragutti
PUDAKOTTAI STATE —
Ayengudi

Man. III, 352;
Mem. I, 319,
248 ; Madras
Jour. Lit. and
Sci. IV, 249.
Dist. Man., 7

Heyne's
189.

Haematite, specular
iron, and lateritic

Cly. Grt.
Lim. Lte.
N1t. Ochr
Sal. Slte.
Snd. Sop.
Trp.

Tracts,

Iron is manufactured
here from magne
tic iron sand.

Man. III, 347 ; Rec.
XII, 147; Mem.
XX, 98.

The lateritic con
glomerate around
this place is re
markably rich in
iron. The old
smelting industry
is quite extinct.
A rich bed of mag
netite.

Mallampatti
Salem— ,

Godumalai (5) .
Kanjamalai (1)
Kolimalai (4) .
Singipatti (3) .

Chr Cor. G
Grt. Lte.
MAg. Sop.
Trp.
Mem. IV, 280
Ditto, 379-86.
D1tto, 284.
Ditto, 288.

The localities are
numbered accord
ing to the1r impor
tance, as groups.
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MADRAS—continued.
IMPORTANT MINERALS—continued.
Mineral or
Stone.

Locality.

IRON ORES, SALZM-contd.
I.—cont d.
Tallamalai (4) .
Tirtamalai (2) .

Reference.

Other
Minerals.

Remarks.

These five groups
include all the im
portant magnetite
beds. The Porto
Novo Iron Com
pany had their
smelting works- at
Pulampatti,
3$
miles west of Sa
lem ; and used
Kanjamalai ore.
Native iron is
largely made at
Razapur,
and
Tarn ma m pa t t i .
The Pulampatti
iron was admirable
in quality. The
whole available
stock in England
was bought and
utilized in the
Britann iaTu bular
bridge.
R. B. Foote.

Mem. IV, 284
Ditto, 289.

Salem
is also
famous for it»
chromic iron ore ;
for which see
under Chrome
ores. Not worked
now.
South Arcot—
Chinna Tirupatti
Mudur Hill
Pallapundi
Pompurapi
Virangani
Tanjore

Smelting on a large
scale was formerly
carried on at
Porto Novo by the
Iron Company of
that name.

Man. II h-350; Dis
trict Manual, 373.
Mem. IV, 293
Ditto, 294.
Ditto, „
Ditto, 292.
Ditto, „
Cly. Lte.
Snd.

No iron industry ex
ists now ; but the1 a t e r i t i c rocks
along the western
side of the district
are locally quiterich enough i l1,
iron to have been
worth smelting
when fuel was
cheap
R. B. Foots.
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MADRAS—continued.
IMPORTANT MINERALS—continued.
Mineral or
Stone.

Reference.

Other
Minerals.

Remarks.

Grt. L1m.
Lte. Sal
Snd.

IRON ORES, TlNNSVBLLY— .
I.— cone Id.

Great quantities of
Magnetic Iron
sand are washed
down from the
mountains, but no
iron industry ex
ists now, nor have
any traces of an
older one been
met with.
R, B. Foote.

The Southern Ghats . Rec. XVI, 24

Travancore State —
Report,
British
Mukumnalli
Association, Ox
(Moocoomnalley.)
ford, 1860. 24.

GOLD, G.

Tr1ch1nopoly .
Chattiramant Hill
Tholur .

Man. HI, 347.
I Mem. IV, 295

BlLLAKY—

Man. III, 187

Camvehully

•

Chiggateri

.
Balfour's Cyclop.

Kongana .

R. B. Foote.

Veigei, R.
Palakanuth

Ant. Cly.
Cop. Cor.
Grt. I. Mag.
Man. Snd.
Sop. Trp.

Balfour's Cyclo
paedia, 3rd Ed.,
1885. Art. Gold.

jageracull1guda

Madura

Two large and rich
beds of magnetite.

Man. III, 179; Bal
four's C y c 1 o paedia ; Madura
Manual, 3o.
i
• -

A tract of the Dharwar Series, west
and north of Chig
gateri, Harpanhalli taluk. Fair
shows of gold were
obtained by washi n g in several
places. Many
good-looking reefs
exist, but no free
gold was seen in
them.
R. B. Foots.

Poor auriferous
sands ; derived
from the denu
dation of the Pulney Hills.
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MA D RAS—contin ued.
IMPORTANT MINERALS- continued.
Mineral or
Stone.

Reference.

Locality.

Other
Minerals.

Karembat.

Remarks.
The Malabar low
country in the
Ernad Taluq has
been famous for
ages on account of
its gold washings,
though these have
never been very
rich. The tradi
tions of enormous
gold production
have no doubt
arisen from the
continued hoard
ing up, at certain
periods in the old
history, of gold
from the generally
small productions.

Man. III, 180; Bal
four's C y c 1 0 psedia, Art. Gold.
Records, VIII, 30,
31 ; XI, 234-246.

GOLD, G.- Malabar .
contd.
Beypur R.

- ~—

Kupal.
Nellambur Valley.

See under NilgirI
District.

...

The Wainad country
has, within the last
few years, been
redistribu ted :
what was called
South-East Wai
nad having been
added to the Nilgiri district. The
gold-bearing reefs
of
South-East
Wainad extend
into Malabar Wai
nad, where they
also are to a lesser
extent auriferous.

Mysore and Cookg . Man. iII, 185-187;
Balfour's Manual.

...

Mysore and Coorg
are ordinarily con
sidered a part of
the Madras Presi
dency. The auri
ferous tracts are
therefore entered
here incidentally.
See under Native
States.

Wainad .

Belgumba
.
Bellibetta
Belligudda
Chiknaiakanhalli
Chiranhalli
Davangere
Dharmapur
Girigudda, (Honna
betta.)
GoUarahalli
Hallakalgudda
Haltibetta (Hulmandibetta.)
Holgere .
Honnabetta (Giri
gudda.)
Honnahatti .

\

,
'

l

Report on auriferous tracts in
Mysore.— R. B.
Foote, 1887.
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MADRAS—continued.
IMPORTANT MINERALS—continued.
Mineral or
Stone.

Locality.

GOLD, G.— Mysore and Coord—
contd.
contd.
Honnalli .
.
.
Honnamaradi .
Hulmandibetta (Haiti.
betta.)
Jalagaranhalli .
Kalinganahalli
Karadihalli
.
Karimudanhalli
.
Kempinkote
Kolar
Kotemaradi
Kudrikonda
Mallabannur •
.
Mallanhalli
Nadapanhalli .
Nuggihalli
Pulvanhalli
Pura
Shattihalli tract
Sonnahalli
Sulladamaradi .
Taggadurbetta .
Yellavari

NllGIRI— .

Reference.

Other
Minerals.

Remarks.

...

The gold field par
exceIIence of My
sore. It was open
ed up and carried
on for some years
in a very speculatfve and fitful
way, until within
the last four years
when it has shewn
its true value. At
present there are
several companies
at work ; among
tbem the Balaghat, Great South
of Mysore, Kaisar
i-Hind,
Kolar,
Madras, Mysore,
Mysore
Reefs,
Nandidrug, Urigam, &c.

Rec. XV, 197.

. Report on auri1 ferous tracts.—
k R. B. Foote.
J
Rec. XV, 192—200.
\

]

Report on aurU
ferous tracts —
R. B. Foote.

f Man. IIl, 180, 134 C. Cly. Grt. A few quartz reefs,
1 Balfour's Cyclo- Lte. Ld. which have given
) paedia,
Art. Och. Trp. indication of gold,
are known on the
(. Gold.
Znc.
Nilgiri plateau, but
their exploitation
has not been con
tinued.

Devalla (S. E. Wai- Rec. VIII, 29. 45;
XI, 235. Report
nid).
by R. Brough
Smyth, 1880.

The gold industry
in S. E. Wainad
still keeps up a
struggling exist
ence. It promised
fair in the early
part
of the
eighties,
and
many Companies
were started for
working it ; but
so far this promise
has not been ful
filled,very possibly
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MADRAS —continued.
IMPORTANT MINERALS-ro«W««c<i.
Mineral or
Storre.

Locality.

Reference.

Other
Minerals.

GOLD, G.— N1lg1r1 — contd.
contd.
Devalla (S. E. Wainid) - cantd.

owing to unsyste
matic and fitful
working. There
is no doubt of the
auriferous cha
racter of some of
the reefs ; while
the development
of the reefs them
selves is on an ex
traordinary scale.
So far, it is not
clear that this au
riferous region has
been thoroughly
tested.

•

Nunjanad

R. Brough Smyth,
Kept, to Madras
Govt., Nov. 1879.

N1zam's Dom1n1ons—
Topuldodi
Wandali
(Raichur | Rec. XXII, 235
Doab).

Salem— .
Darampurai.

TrAVANCORB— .

Peermard

Remarks.

...

Quartz reefs, old
mines and wash
ing. Poor.

...

A very promising
tract j being ex
ploited by the
Hyderabad Deccan Company.

Man HC, 179; Bal Chr. Cly. Auriferous sands
iron
four's Cyclopedia. Cor. Grt. (magnetic
I.
LiM. sand) are known
Lte. Mag. from the neigh
Sop. Trp. bourhood of Salem
and Macdonald's
choultry.

Man. Iff, 178.

Rec. XV, 87, 88 .

Cly. Gar.
Grt. Lte.
Och. O1l
Plm.
In 1881, during the
Wainad
gold
fever, hopes were
raised in Peermard
on the occurrence
of quartz outcrops
there. These out
crops are not of
reefs, but merely
of
quartz-rock
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MADRAS—continued.
IMPORTANT MINERALS-continued.
Mineral or
Stone.

Locality.

Other
Minerals.

Reference.

GOLD, G.— Travancore—contd.
contd.
Peermard—contd.

PETRO
Malabar—
LEUM, Oil

beds in the gneiss.
A trace of gold
was found in a
small sample of
the rock. There
is, however, a cer
tain amount of
gold in the rocks
of the country
which is carried
down into the low
country ; for a
small amount of
gold is occasion,
a'ly washed for in
the sands on the
Quilon coast.

...

C. Clv. G.
Grt. Lte.
Och.

Calicut

Rec. XXIII, 46

Travancore—
Alleppy .

Rec. XVII, 14, 27. C Clv.

SALT, Sal. . Chinolepat—
Attiput .
Cheyur .
Covelong
.
Ennore .
Kattur .
Putivakum
Vadasamancheri
Vallur .
Vayalur .

' Remarks.

.

y Dist. Man., 307 .

♦

Trace of oil.
The sea over the
mud-bank at this
place appears to
have a small
quantity of oily
matter distributed
through it. In
boring for the
foundations of a
bridge over the
Kallai River, a
layer of oily shale
or mud was passed
through.

O••

.

Trace of oil in the
mud of smooth
water banks.

Salt-pans.
Very
large out-turn.
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MADRAS—continued.
IMPORTANT MINERALS—concluded.
Mineral or
Stone.

Reference.

Locality.

Other
Minerals.

Dist. Man., 274 • Grt. L1m.
Ste.

SALT, Sal.— Ganjam—
contd.

Remarks.
Salt-pans in Gaujam, Kalingapatam,
Naupada,
and Surla circles.

GODAVAR!—

Salt-pans.

KlsTNA—

Salt-pans.

Madura—
Attankarei
Mannakudi
' Dist. Man., Pt.
Marakolum
Muttaragbunapatam . > 4. 4o.
Sholiakhuddi .
Vattanum
Vairavanathapatanam

...

Salt-pans. Total
out-turn in Fasli
127S.
405,9'3
maunds.

...

Manufactured from
sea-water. Total
out-turn in the 6ve
years ending 1871,
593,873 maunds.

)
> Dist. Man., 460

...

Salt-pans. Total
out-turn 1875-76,
346,276 maunds.

TlNNKVELLY

Dist. Man., 205 .

...

Eight
1879.

Tr1ch1nopolv—
Lalgudi (north of)

Dist. Man., 68

Nellore—
Binginapalli
Biramgunta
Devarampad .
Dugarazapatam
Gogulapalli
Iskapalli
.
Kanuparti
Kiishnapatam .
Sunnapugunta .
Tada
Tummalapenta .
Ullapalem
South Arcot—
Chunampett .
Gundalam
Kandadu
•
Kudikadu
Manambadi .
Manavari
O
Markanum

VlZAGAPATAM—Balcheravu
Bimlipatam
Karasa ,
.
Kupili .
•
Pentakota

>
.
.
• ^ Dist. Man., 599

.

.
.

• ^ Dist. Man , 265
.

factories,

Earth-salt, very im
pure, small village
production.

...

Salt-pans.
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MADRAS— continued.
MISCELLANEOUS MINERALS.
Mum, Aim. Antimony Ores, A nt. Arsenical Minerals, Ars. Asbestus, Asb. Bismuth and Cobalt
Ores, B.C. Borax, Bx. Chrome Ores, Chr. Copper Ores, Cop. Corundum, Car. Gypsum,
Gyp. Lead Ores, LA. Magnesia Minerals, Mag. Manganese Ores, Man. Mica, Mi. Natron
Nat. Nitre, Nil. Ochres, Och. Phosphates, Pho. Platinum, Pit. Plumbago, P1nt. Soapstone, Sop. Soda Salts, Sod. Sulphur, 5k/. Tin Ores, Tn. Zinc Ores, Znc.
Mineral or
Stone.

Reference.

Locality.

ANTIMONY Bbllary—
ORES, Ant. Sundur Hills .

Remarks.

Man. III, 164. Bel G. I. Ld. No traces found in
lary
District Man.
the progress of
Manual, 95.
the Geological
Survey.

VlZAGAPATAM—

Man. III, 164. I. Man. Gar.
Vizagapatam Dis Grt. Lte.
trict Manual, 155.
Balfour's Cyclo
paedia.

ASBESTUS, Salem— .
Asb.

Salem—
CHROME
ORES, Chr. Karupur .

Tr1ch1nopoly—
Yedichicolum .

Bellary—
COPPER
ORES, Cop. Harpanahali

Other
Minerals.

.

Sugamma Betta (Cop
per Mountain).

Man. III, 519

No true asbestus is
known. The
fibrous form of
Serpentine (Baltimorite) is com
monly associated
with the Magnesite veins at the
so-called " Chalk
Hills" north of
Salem town.

Man. IIL333; Mem. Mag.
IV, 3'5-

Chromic Iron ; old
mines in the
neighbourhood of
the "Chalk Hills,"
long abandoned.

. Tour., Roy. As. Soc. Cly. Grt. On the banks of the
Gyp. L1m. Cauvery River.
VII, 169.
Lte. M1.
N1t. Och.
Q. Snd.
Trp.
. R. B. Foote

*••

Two old workings of
small size, north
east by north of
the town. Green
carbonate lining
cracks in a ruo of
brecciated quartz
rock.

Newbold, Journ.
Roy. As. Soc.
VII, 15o.
E 2
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MADRAS—continued.
MISCELLANEOUS MINERALS—continued.
Mineral or
Stone.

Locality.

Reference.

COPPER CuddapahORES, Cof.—
contd.
Jungumrazpali

Other
Minerals.
D. Ld. L1m.
Ltb. Och.
Snd. Slt.
Trp.

Old lead mines,
long abandoned.
Considerable min
ing appears to
have been carried
on here when the
country was under
Muhamadan
rule. Only traces
of copper ore.

Man. IIl, 240 ; Mem
VIII, 270; Jour
Roy. As. Soc.
VII, 150.

D. Gar. Grt.
Ld. L1m.
Ltr. Plm.
Slt. Snd.

K1stna— .

Agnikond1 (Agnigun- Man. IIl, 241
Mem. VIII, 269;
dala).
Heyne's Tracts,
108.
KURNOol—

Extensive old work
ings. Green and
blue carbonates of
copper in pockets,
Mine worked out.
R. B. Foote.
D. Grt. Ld.
Lim. Lte
Slt. Snd.
Sop. Trp.

Gani Hill

District Manual, 96

Gumankonda

Man. IIl, 240
Mem. VIII, 268.

Vandutla, or Undutla plateau; old
mines.
Old and workedout mine.
Films of earthy
green carbonate
lining joints in a
run of brecciated
quartz rock.
R. B. Foote.

Remata .

Somadulpilli

Man. IIl, 241 ;
Mem. VIII, 269.

Nellorb—

Garimanpenta
Gunnipenta.
Gorganpiii.
Yarapilli.

Remarks.

Cly. Gyp.
Grt. Ltr.
M1. Sal.
Snd. Tup.
Man. IIl, 242;
Mem. XVI, 185;
Rec. XII, 171;
Heyne's Tracts,
108; Journ. As.
Soe., Bengal IV,
575; Journ. R.
As. Soc. VII, 1 50;
Dist. Man. 60—
63.

Many attempts have
been made to
work the Nellore
copper ores : but
all have fallen
through. The
traces of copper
ore are, however,
very numerous ;
and occasionally
promising.
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MADRAS—continued.
MISCELLANEOUS MINERALS—continued.
Mineral or
Stone.

Locality.

COPPER Tr1ch1nopoly—
ORES, Cop.— Olapadi .
contd.
Vepur.

Reference.

Other
Minerals.

Man. IIl, 240 ;
Mem. IV, 216 1
Dist. Man, 69.

...

Traces.

...

Sea green colour.
Local price R5 to
7 per 100 seers by
measure.

Remarks.

CORUN
DUM, Cor.

Anantpur—
Madaksira
Punighi .

J Man. IIl, 423.

ColMBATORE—

Brl. Grt.
L1m. Q.

Chennimalai
Gopichettipaliam.
Gajelhatti.
Patalai

Man. HI, 422;
Journ. R. As.
Soc. VII, 224 ;
Dist. Man., 23.

.

Corundum of fine
quality, largely ex
ported.

KlSTNA—
Guntur

Man. IIl, 424;
Sel. from Rec.
Govt, of Madras
No. XXXIX, 90.

Mysore —
Appianhully .
Arumali .
.
Bagipali .
Beygur .
Burkunhully .
Man. IIl, 422 ;
Deysani Kurbanhalli .
Madras Jour.
Golushully
Lit. and Sci.
Kuddur .
! XI, 46 ; Journ.
Kulkairi .
R. As. Soc.
Kundio .
VII. 219; My
Mundium
sore Gazetteer.
Norhik .
Nullapardi
Permuti .
Yedgunkul
North Arcot—
Naggari Hills .

Salem—
Nammal .

.

Man. IIl, 423 ;
Sel. from Rec.
Govt, of Madras,
No. XXXIX, 92.
, Man III, 422;Cal.
Jour. Nat. Hist.
I, 281.

...

Localities and re
ferences are only
given here inci
dentally ; Mysore
being ordinarily
considered as in
the Madras Pre
sidency.
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MADRAS—continued.
MISCELLANEOUS MINERALS- continued.
Mineral or
Stone.

Locality.

Reference.

Other
Minerals.

CORUN
Salem—contd.
DUM, Cor.— Shoslasir.gamani
contd.

Viralamodos

Very abundant at
S h o I asinga1nani.
Rubies are re
ported to have
been found at
Viralimodos and
S h o lasingamani,
R. B. Foots.

Man. 111,422; Cal.
Jour. Nat. Hist.
II, 281.

GYPSUM, Ch1nglrput—
Gyp.
Estuarine beds north Mem. X, 132
of Madras.

Occurs as crystal.*
of Selenite.

Neilore—
Northern part of the Mem. XVI, 104
coast canal.

Tr1chinopoly—
Maravatur, north-east Mem. IV, 214
of.

Selenite crystals in
the marine clayey
beds: of finer qua
lity and better
color than those
of Madras.
L1m.

Ulatur, east of.

LEAD ORES, Be1xary—
Ld.
Sundur Hills

CUDDAPAH

Jungumrazpilli
Buswapur.
Kotalur

Dist. Man., 95

Man. III, 281-85 ;
Jour. R. As.
Soc. VII, 217;
Madras Jour. Lit.
& Sci. XX, 279
& 289 ; Dist.
Man., 26 ; Heyne's
Tracts, 316.
Mem. VIII, 293
Cop.

Madras Jour. Lit.
and Sci. XX, 280.

Remarks.

Common among
the clays, from
which it is dif
ficult to obtain it
clean.

No authority is
quoted for this
statement ; and no
traces of lead
were met with
during the survey
of the state.
R. B. Foote.

A region of old and
extensive mines;
long deserted.
Crystals of galena
in a quartz lode
crossing the
Penner R.
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PART 3.]

»47

MADRAS—continued.
MISCELLANEOUS MINERALS—continued.
Mineral or
Stone.

Locality.

Reference.

LEAD ORES, Cuddapah—contd.
Ld.—contd.
Kundala Bori .

Other
Minerals.

Remarks.

• •«

The main lode at
Nagsanpali ez^
tends into the
Luokamalla Hills.

Jour. R. As. Soc.
VII, 217.
( Madras Jour. Lit.
] and Sci. XX,
(. 279, 289.

Nagsanpali
Poleram Manu
Kistna—
Karampudi (Palnad)

Man. III, 285; D. L1m.Slt. A locality of old
Mem. VIII, 276.
Snd.
lead mining,
among pale-grey
and whitish sillcious l1mestone.

Kurnool—
Gazalpully (also re Man. III, 284 ; Cop. L1m. Old mines. Argen
tiferous.
ferred to as Buswa- Mem. VIII, 273 ; Slt. Snd.
Jour. As. Soc.,
pur).
Beng. XV, 52;
389, XVI, 113a;
Madras Jour. Lit.
and Sci. XX,
N. S., 286.
Kollkuntla
Argentiferous.
Madras Jour. Lit.
and ScI. XX, 290.
SalBm—
Morupur Railway Stn. Mem. IV, 337
(East of) '

MAGNESIA Bellary —
MINERALS, Daroji .
Mag.

.

...

A large quartz lode
in the gneiss
crossing the road
to Harur, 3 miles
from the station ;
proved on being
deeply prospect
ed in 1882, to
contain nests of
galena.
R. B. Foote.

...

Sniall veins of
white magnesite
in the schist beds
of the ridge south
of the Daroji
tank bund or em
bankment.
R. B. Foote.

Sal««1—
The "Chalk Hills" . Man. III, 438;
Mem. IV, 312;
Jour. R. As. Soc.
VII, 161 ; Uist.
Man., 104.
Kajupatti.
Pavitram

.

.

,a.

A tract some ten
square miles in
area, traversed by
innumerable veins
of magnesite.
...

S. E. of Namakal.
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MADRAS—continued.
MISCELLANEOUS MIN E RA LS—continwd.
Mineral or
Stone.

Locality.

Other
Minerals.

Reference.

MAGNESIA Tr1chInopoly—
MINERALS, Tripanguli (10 miles Mem. IV, 3a 1
Mag.—contd.
N. W. by W. of Tri
chinopoly.)
Valikondipuram
Ditto, 323

MANGANESE
ORES,
Man.

Bellary—
Ramandrug.
Ditto,
Western Rec. XXII, 26
slopes.

Sundur Hills .

Ditto, ditto

Magnesite strings
. in travertine or
calcareous tufa ;
.j apparently due to
the action of old
thermal springs.

i

.

Nodules of Haussmanite in schists.
R. B. Foote.

Notes onEcon.Geol.
of the Sundur
State, Madras
Govt., 1889, p. 4.

South-west spurs,
a large supply
easily obtainable
by quarrying.
On the southern
flank
of the
Sundur hills ; con
cretionary manga
nese ore in haema
tite schists and
quartzites.
R. B. Foote.

.

KuRNOol .
.
Banaganpilli.
Korlkantta.
Nandavaram.
NlLGISI —
Coonoor .
Kaiti Valley .
Ootacamund Lake

VlZAGAPATAM —
Bimlipatam .

Ramachandrapuram
(Salur).
Vizianagram .

Remarks.

...

, Dist. Man., 99

Dist. Man., 83

Said to occur.

C. Cly. G.
Grt. Lts.
Och.
No evidence as to
abundance
or
variety.
R. B. Foote,

) Madras Jour. Lit.
\ and Sc1. XXII,
) 253.

. Man. IIl, 327 ; Rec Grt. Ltb. . Occurs in small
quantity on the
XIX, 155; Edin.
lateritised cop of
New Phil. Jour.
the hill.
LIII, 277.
•#1

Llm.

Six miles north of
Vizianagram on
the road to Palkonda. Psilomelane, associated
with limestone.
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MADRAS—continued.
MISCELLANEOUS MINERALS-co*r:nued.
Mineral or
Stone.

Locality.

MICA, Mi. VlZAGAPATAM( Erroneously Kodur
called Talc:
Mica is an
elastic mi
neral ; Talc
is only
flexible and
seldom in
plates.)

NITRE,
Nit.

Reference.

Man III, 525;
Dist. Man., 155.

Madura

Man. IIl, 499;
Dist. Man., 25.

Nellore—
Atmakur Taluk
Gudur
„
Itamukula
Kavali Taluk
Kundukur „
Nellore
„
Mahimalur
Rapur Taluk
Vassili
Virur
Salem

. Dist. Man., 67

Tr1ch1nopoly

Mem. IV, 374;
Dist. Man., 248.

Other
Minerals.

Remarks.

Said to be obtain
able in any quan
tity : but it cannot
be of good quality,
as it sells at the
rate of 24ft for the
rupee.
Nots.—M1ca 1s one
of the most commonly
dIstrIbuted minerals 1
though 1t seldom occurs
1n large enough plates
to be of commerc1al
value. Most of the
m1ca used for small pic
tures and ornamental
work, as at Trlch1ncpoly, Is Imported! but
tor m1nute work and
spangles good enough
mater1al can be obtaIn
ed 1n most of the dIs
tr1cts as Bellary, CoIrobatore, Salem, Tr1chI.
nopoly, &c.
A common product
of efflorescence
from poor soil in
the neighbour
hood of old vil
lages ; used to be
largely manufac
tured.

Very superior salt
petre has been
exhibited
from
Mukula.
Large quantities of
nitre were pro
duced in this dis
trict until within
late years.
R. B. Foote.
Earth salts are
very common as
effloresce nces,
particularly in the
areas of Crys
talline rocks. It
was ascertained
by commission in
1876, that 13,719
maunds of salt
petre were manu
factured yearly.
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MADRAS—continued.
MISCELLANEOUS MINERALS—continued.
Mineral or
Stone.
OCHRES,
Oekr.

Bellary—
Baltada Mulla.
Copper Mountain
Kalhalli Hills .
Komaraswami.
Ramandrug.
Sundur Hills .

NlLGIRI—
NilgIri Plateau
Ootacamand.

Remarks.

Rich red ochre.
Red, brown, yellow,
and furple ochres
in great variety of
tints, large inr
quantity and of
excellent qual1ty,
occur in the ferru
ginous
schist
bands of these
regions.
R. B. Foote.

I.

Notes on Econ.
Geol. of the
Sundur
State,
Govt, of Madras.

. Man. Ill, 417; Cly. G. Grt. Ochreous mineralsare exposed in
Mem. I, 137 ; IV, Lte.
many cuttings and
214.
excavations in the
decomposed coun
try rock, gneiss.

Tb1ch1nopoly—
Trivandpnram .

PLUMBAGO Godavab1 —
Beddadanol
Pirn.
field).

Other
Minerals.

Reference.

Locality.

Yellow ochre.
Note.—Red and
yellow ochres of manf
shades are of very com
mon occurrence In all
the laterlt1c tracts of
S. India.
R. B. Foote.

Man. IlI, 417

(Coal Man. III, 53

KlSTNA—
Bezwada

Man. III, S3; Rec.
VII, 160.

Madura—
Pantalagudi

Mem. XX, 21

TlNNEVELLY —
Ambasamudrum
Cuidacurchi

] Man. III, S3

C. Snd-.

In sands of river ;
washed down from
crystalline area.
Only traces.
Poor graphite is also
obtained at many
places in the hilly
country bordering
the western edge
of. district.

...

Poor and sparingly
distributed.
Traces in crystalline
limestone.

.

Doubtful, but not
improbable. Said
to be from decom
posing gneiss and
also in kunkar.
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MADRAS—continued.
MISCELLANEOUS MINERALS—continued.

Mineral or
Stone.

Locality.

Reference.

PLUMBAGO Travancore—
Plm.—cuntd.
Ponalal (10 miles N. Man. III, 51 ;
E. of Tr1vandrum). Journ. As. Soc.
Beng. XIV, Ixiv ;
XXIV, 203; Madfas Jour. Lit. and
Sci. 1856, p. 257.
Vellurnad (near Ari- Indian Mum.
nad).

VlZAOAPATAM—
Kasipuram
.

. Rec. XXII, 62

...

About the best form
of graphite known
in the Madras Pre
sidency. Fairly
large quantity.

Poor, and very much
mixed with gneissic material.

...

Bkllary—
Angur (Haddugalli
Taluk).
Arsapur hill (Harapanahalli T.).
Harapanahalli, N. of.
Hossahalli, S. E. of.
Huchangi Drug, E. of
(Harapanahalli T.)
Kanchkerra (Hara
panahalli T.).
Karasimdevergud d a,
W. of. (Harapana
halli T.).
Nilgunda harapana
halli T.)

A serviceable form
of steatite, com
pact and free from
grit.

Considerable indus
tries in aoapstone
vessels W. of Narasimdevergud d a,
and at Somulapur. Old quarries
at Angur and
Nilgunda.
The
beautifully carved
old temples on
Nilgunda tankbund at HiraKuravatti (on the Tungabudra R ), and
at Hira Haddigatti, are built of hard
steatite.
R. B. Foot*.

"

Somalapur
T.)

Remarks.

In veins in the
gnesis.

Man. III, S3; Dist.
Man. 154.
Rec. XIX, 155 .

Kampilli (Salur)

Anantapur—
SOAPGulumarri
.
STONE,
Narjampaki.
Sofi.
(I n c 1 a d e s
Steatite, Potutone, Talc
(not Mica),
Bulpum).

Other
Minerals.

(Kodligi Rec. XXII, 62.

COIMBATORE—
Dist. Mam., 23.
Oodarapalaiam
Edamaranahalli (Kol- Rec. XXII, 63 .
legal Taluk).

•a.

Gritty in cutting.
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MADRAS- continued.
MISCELLANEOUS MINERALS—continued.
Mineral or
Stone.

Locality.

Other
Minerals.

Reference.

Remarks.

SOAPKurnool—
STONE, Sop. Maddawarum (Nan- Mem. VIII, 166 j L1m. Snd. Four miles east of
Betamcherla Sta
Rec. XXII, 61 ; Trp.
—contd.
dial Taluk).
tion, Bellary-KistDist. Man., 97.
na Ry. The best
•
variety out of se
veral samples sent
from all India for
trial as suitable
for gas-burners 1n
London. Estimat
ed cost per ton
delivered in Lon
don, £3-7 to £4.
Seams, free from
Penda Kallu (Ramal- Rec. XXII, 62
grit,
soft and easi
kota Taluk).
ly cut.
North Arcot—
Pathur (Chittur Taluk) Rec. XXII, 63

SODA
SALTS,
Sod.

.

...

Rather hard to cut,
but free from grit.

Salem—
Eswaramalai Hills Rec. XXII, 63
(Atur Taluq).
Karupur (7 miles
N. W. of Salem).
Tandagaundenpolliam f Mem. IV, 317,
(17 miles E. S. E. of > 324Salem).
Yarmapatti (35 miles
S. by E. of Salem).

...

A large industry in
pot-stone vessels
was carried on at
each of these vil
lages at the time
of the survey.
R. B. Foots.

South Kanara—
Rec. XXII, 63
Ma naval ike
Neranki magave (Uppinangadi Taluk).

.

...

Cuts very freely.
Quarry or quarries
600 square yards.
Cost of delivery at
Madras, R20-2 per
ton.

Trans. Bomb. Geol.
Soe., VI, Jour.
As. Soc , Beng.
X, p. 159.

...

Soda salts occur in
every district, and
especially in dry
beds of streams
that drain cotton
soil areas.

Salem —
Baramahal

SULPHUR, Godavar1 D1st.—
Sura-Sani Yanam (on Heyne's
Sul.
the coast in the p. 186.
Delta).

Tracts,

Gritty, cuts with
difficulty.

PART 3.]

KlNG: Provisional Index.

153

MADRAS—continued.
MISCELLANEOUS MINERALS—concluded.
Mineral or
Stone.

Locality.

ZINC ORES, KURNOOL DlsT.—
Znc.
Baswapur?

Reference.

Other
Minerals.

Remarks.

Smithsonite and
Blende.
Specimens of un.
known origin sent
to the Vienna Ex
hibition collection
from Kurnool in
1873. Supposed
to come from
Baswapur.

Rec. XIV, 196 and
305-

GEM-STONES.
Amber, Amb. Beryl, Brl. Diamond, D Garnet, Gar. Jade, and Jadeite,'' Jd. Quartz, Q.
Rubellite. Rbl. Ruby, R. Sapphire, S. Spinel, Sfil.
Mineral or
Stone.
AMBER,
Amb.

Locality.

Reference.

Other
Minerals.

Travancork State . Ainslie, Materia
Medica, 3.
Balfour's Cyclopae
dia, Art. Amber.

...

Dist. Man., 23.
. P. Bosworth Smith,
1888.
Pattalai (nr. Kan- Edin. Phil. Jour. Gar. Grt. Q.
XXXIX, 171.
gyam).
Madras Jour. Lit.
and Sci. XII, 173.
Walhouse, " Indian
Antiquary " Vol.
IV; Dist, Man,
23Man. III, 52a

Remarks.
Copal.

BERYL, Brl. COIMBATORE— .
Padiur
.
.

DIAMOND,
D.

Anantapur—
Wajra Karur (10 Man. III, 12 ; Rec. Grt.
miles S. of Gunta- XIX, 109; XXII,
kal Junction Ry. 39 ; XXIII, 69.
Stn).

Occurs in prophyritic dyke. Aquamarine.
Beryls are reported
to have been found
at Vaniambadi at
northern base of
the Nilgiris, and
at the foot of
Lambton's Peak.
The _
diamonds
which have given
the place its repu
tation were all
found on the sur
face close to the
village or in its
environs. Their
source is still
an enigma.
R. B. Foote.
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MADRAS— continued.
GEM-STONES—continued.
Mineral or
Stone.

Locality.

Reference.

Other
Minerals.

DIAMOND, Banaoanpill1 Statb —
(Kurnool District) —
D.—contd.
Banaganpilli
Man. III, 13 ; Mem. L1m., Snd.
VIII, 106.

CUDDAPAH —
Chennur
Kunnapurti
Woblapali

) Man. III, 9-24;
\ Mem. VIII, 266;
) D1st. Man., 24.

Godavar1—
Badrachellum .

Golapalli

.

The low hills west
of the town are
mined for dia
monds which oc
cur in pebbly and
gravelly clayey
seams among the
thicker beds of
quartzite sand
stone forming the
surface of the hill.
A very languid
industry
still
exists,which, however,
consists
chiefly of turning
over the old waste
heaps in search of
small diamonds
which may have
been missed in
the
previous
search.

Ld. L1m.
Slt. Snd.

,

KlsTNA

Remarks.

Mentioned
by
Voysey and Newbold.

.

. Man. III, 16; Dist.
Man.

.

See below, under
Maleli.

Diamond workings
in alluvial deposits
of the Penner R.
The industry has
been long dor
mant. There is
no reason for con
cluding that the
area of diamondiferous alluvium
has been worked
out.
...

Unlikely : but strata
of the Cuddapah
and Kurnool for
mations
occur
within the drain
age area.
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MADRAS— continued.
GEM-STONES—continued.
Mineral or
Stone.

Locality.

DIAMOND,
D.—contd.

K1stna—contd.
Kollur (Gani Conlur)

Other
Minerals.

Reference.

Alluvial. Deserted.
Great part of the
wild forest tract
between the Kol
lur and Chintapilli
reaches of the
Kistna R. is full
of old abandoned
diamond mines.
R. B. Foots.

Man. III, 16

Man. III, 22

Remarks.

.

...

Alluvial.

Maleli (or Malavili) . Mem. XVI, 253;
Rec. V, 27 ; Heyne's Tracts.

...

Partly mined, and
partly
alluvial.
Long deserted.

Mullawarum

Mem. VIII, no .

...

Munnalur

Man. III, 22

Mines .\-g.5i'
c 2may
asioi
dAll
althc
es5e:9ed § obe
athe
l uvial

Sarangapali hill

Mem. VIII, 100

Kodavettilcallu

.

<aa.

...

worked.

>a
Man. III, 22

Ustapalli

Man. III, 13 ; Mem. Cly. Cop. Ld
VIII, 96; Dist. Lim. Lte
Man., 94.
Slt. Snd.
Sop. Trp.

KURNOOL
.
1

Rock
workings.
Abandoned ?

Bannur (a)
Buswapur (A) .

...

Rock and alluvial
workings : long
deserted.

Byanpalli (4) .

...

Rock working now.

Deomarru

• ••

Rock
working ;
abandoned.

Devanur (a)

Snd.
Cly. ( Rock
working ;
P abandoned.

.

Gadipad (a) (Nandikotkur Taluk).

...

Rock
working;
abandoned.

Guramankonda (A).
KappatralIa(»(Patti.
konda Taluk).

Old rock workings,
abandoned, outlier
west of Kurnool.
R. B. Foots.
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MADRAS—continued.
GEM-STONES-ffo««n««i.
Mineral or
Stone.
DIAMOND,
D.—concld.

Locality.
Kurnool—contd.
Munimadagu .

Other
Minerals.

Reference.

...

1 Once an important
centre of mining
and
polishing ;
long abandoned.

Pulikonda hill M
(Pattikonda Taluk).

Ramullakotta (c)

Old rock workings,
abandoned ; outlier
west of Kurnool.
R. B. Foote.
Mem. VIII, 105

.

/ Snd.,
Cly.
Saitankota(d)

Remarks.

Ditto, ditto

Rock
workings,
abandoned ; allu
vial digging and
washing still goes
on. Answers to
the Raolconda of
Tavernier.
Abandoned
workings.

rock

Tandrapad (d)

...

Alluvial; abandon
ed.

Timmapuram (c)

...

Rock workings still
in progress.

Venkatapur hill (e) .
(Pattikonda Taluk).

...

Old rock workings ;
abandoned.
R. B. Foote.

Yembai (4) (Nandial
Taluk).
The above localities are
grouped under (a), (4),
to (<*). toN1zam's Dom1n1ons —
Atkur or Atanur
Barthenypadu
| Man. III, 22
Mugalur •
Partial .

Alluvial diggings
and workings.
Are being now ex
ploited by the
Hyderabad Deccan
Company
with very ques
tionable success.
Referred to here
incidentally, as
being generally
cons1dered in the
Madras
Presi
dency. See under
Native States.
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MADRAS—continued.
GEM-STONES—continued.
Mineral or
Stone.
GARNET,
Gar.

Locality.
GODAVABl—
Kondapilli

Nellore—
Chundi hills

Other
Minerals.

Reference.

Man. III, 521 ; Grt.
Mem. XVI, 204.

Kondapilli has long
been famous for
its garnets and
carbuncles
(polished form) ;
though the indus
try is very feeble.
The garnets are
washed down from
the garnetiferous
gneiss of the ad
jacent hills,

Mem. XVI,
164.

The prismatic formof garnet, called
Staurolite, occurs
with Kyanite in
micaceous schists.
These crystals of
staurolite which
are very common
in the schists of
the Chundi hills,
would make a
better substitute
for emery than the
garnet sand so
largely collected
for this purpose.
Garnet sand is
collected similarly
in many other
districts of the
Presidency .
R. B. Foote.
Remarkable speci
mens of large size
and very perfect
crystallization. Of
no value as gemstones.

15,

Picherla Konda.

Saidapuram
1
Tummulatalaparu j

Mem. XVI, 135

N1lg1ri —

Seven Cairns hills
Salem—
Kanjumalai
Sankagiri Drug

RPMARKs.

C. Cly. G.
Grt. Ld.
Lte. Ochr.
Znc.
Man. III, 522;
Jour. R As. Soc.
VII, 224.

Cinnamon stone or
Hessonite.

Mem. IV, 380

Good in colour, but
very difficult of
extraction.
Green garnets were
found here by
Captain NewboW.

Jour. R. As. Soc.
VII, 224.
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MADRAS—continued.
GEM-STONES—continued.
Mineral or
Stone.

Locality.

GARNET,
Tr1chinopolyCar.— contd. Kalpatti .

Reference.

Mem. IV, 275

VlZAGAPATAM—

Borrakonda hills

QUARTZ,
&c., Q.

COIMBATORE—
Dharapuram •
Kangyam.

(Includes rock
crystal and Cuddapah—
tbe various Boodanampally
forms of Chitravutti gorge
Quartz : as
Agate, Ame
thyst, Blood
stone, Chal- Godavar1 —
c e d o n v , Godavari R.
Chert, Flint
Jasper
Onyx, Opal,
&c.)
K1stna—
Kistna R.
Kornool—
Dhone
Kistna R.
Yeldurti.

NzlAM's DOMINIONsRamgirpet

Man. III,522;Dist.
Man., 155.

Dist. Man., 23

Manual III, 502 ;
Mem. VIII, 153

Other
Minerals.
LlM.

Remarks.

Massive
garnet,
Calderite, in crys
talline limestone.
The gneisses of the
Vizagapatam Dis
trict, are essenti
ally garnetiferous.
Thegarnets brought
in from the Bor
rakonda hills near
Galikonda, are
probably only of
value as polish
ing material, used
instead of emery.
Rock crystal ; Am
ethyst.
Ribbon jaspers very
common as peb
bles in the quartzite
sandstone
conglomerates.
Pebbles of rock cry
stal, chalcedony,
chert, onyx, &c.,
are common in
the river gravels
at various places
along its course.
Ditto ditto.
Ribbon jaspers
common in the
conglomerate east
of Dhone, Kurnool
itself, Yeldurti ;
and in the Kistna
R. gravels, which
contain also peb
bles of rock-crys
tal, chalcedony,
chert, onyx, &c.
A large vein of am
ethystine quartz.
Road
metalled
with it, between
Bhonagir
and
Pembarti.
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MADRAS—continued.
GEM^STONES—concluded.

Mineral or
Stone.

Locality.

QUARTZ.&c., Tanjore—
Q.—contd.
Vellum .

Reference.

Other
Minerals.

Man. HI, 502 ; Ltb. .
Mem. IV, 217,
370.

Tr1chinopoly—
Kurichikulam .
IV, at3;
(Udiarpoliam Taluk) j/Mem.
Dist. Man, 67.
Sainthoray

RUBY,
\

R.

Salem—
Sholasigamani

Man. IIl, 429; Cor. .
Jour. R. As. Soc.
VII, 224.

Viralimodos.

Remarks.

Noted as being a
place where pubbles of rock crys
tal are collected,
probably from the
debris of the con
glomerates in the
neighbour h 00 d.
The
amethysts
said to be from
here, were prob
ably imported from
the Coimbatoru
District.
Flint stones from
the cretaceous
rocks.
Note.—Quartz be1ng
one of the commonest
rock m1nerals, Its prefieuce In one form or
other, partIcularly In
the crystall1ne condI
tIon, it almost unI
versal.
Probably a red
coloured variety of
crystallized corun
dum, and as such
a form of poor
ruby.
\

QUARRY STONES.
Clays, Cly. Granite, Gneiss, &c., Grt. Laterite, Lte. Limestone, Marbles, Kunkar, &c., Urn.
Slate, Sit. Trap, Basalt, &c., Trp.
Mineral
or Stone.

Locality.

CLAYS, Cly. Ch1ngleput—
Kuppam
Pakkam Nala .
Sripermatur
Valley of the Attram

Reference.

Man. IIl, 961,
369 ; Mem. X ;
132.

I

Other
Minerals.

Remarks.

Extensive beds of
high class white or
pale clays occur in
the Upper Gondwana (Rajmehal)
series. The Kup
pam clays yielded
good results at the
Madras School of
Arts.
R. B. Foote.
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MAD RAS— continued.
QUARRY STONES—continued.
Mineral or
Stone.
CLAYS, Cly.
—eontd.

Other
Minerals.

Reference.

Locality.
K1stna—
Chebrolu

Fine white clays oc
cur among the
patches of the Up
per
Gondwana
series, about Che
brolu, in the neigh
bourhood of Guntur.
Brick and tile fac
tories at Calicut
and Tirivaloy ;
clays being ob
tained from river
beds of neighbour
hood.
Soft clays and shales
in beds of Upper
Gondwana series.

Mem. XV I, 80

Malabar—
Calicut
Tirivaloy (Palghat) . I Dist. Man.

Nellore—
Pyindipadu
VemavaramJ
Nilg1r1

.

1 Mem. XVI, 62,
i 67.
.

Remarks.

Kaolin.

Dist. Man., 91

North Arcot—
Guddiathanur .
Vellore

I Rec. XII, 207

South Arcot—
Panarutti

Man. III, 562

Fine plastic clay
near the south
bank of the Guddalum R.

Jour. As. Soc. Lte.
Beng. X, 967.

Clay of very fine
character. A large
brick and tile fac
tory carried on by
the Basel Mission.
Manufactured into
red earthen-ware.

South Kanaka—
Mangalore, N. of

Supply of Kaolin.

.

Travancore State

Industrial Arts of
India, 135.

Trich1nopoly—
Terani ,
Utakoil .

Mem. IV, 211
Ditto, 212

Pottery clay.
Pipe clay of fine
quality. Common
red clays.
Plastic clay.

Vetnmani
Cor. Gar.
Grt. L1m.
Lte. Man.
M1. N1t.
Ochr.Plm.
Sal.

VlZAGAPATAM—

Vizianagram

Rec. XIX, 153

Kaolin of superior
quality ; approved
at the Madras
School of Arts.
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MADRAS—continued.
QUARRY STONES—continued.
Mineral or
Stone.

Locality.

GRANITE, Anantapur —
&c., Grt.
Anantapur
Garladinni
(Includes all Guti
fairly com
Nagasamudra hills
pact crystal Patakacheruvu hills
line rocks ; Sunkarabauda
as gneisses Uruvakonda hills
of all kinds,
generally of
grey-green
ish, or flesh Bellary—
colors. Not Adoni
compact, Alur
massive, Bellary .
black
or Darosi
dark - green Gudikotai hills
rocks such Hampi
as Basalt Harapanahalii
Jerrimalla hills
Trap, &c.)
Kotakal hill
Kurgode .
Raidrug hills
Saugankal
Takkalkota

Reference.

Remarks.

Great wealth of fine
granites
and
gneisses of many
tints in the Anan
tapur and Guti
taluks.
R. B. Foote.

1 Dist. Man , 93

Ch1ngleput— .
Cuddaparai Choultry
Nandiveram
Palaveram
Patandalam
Seven Pagodas
Tirukari Kundram
Wallajabad (2^ miles
N. E. of.)

Other
Minerals.

The Bellary district
is immensely rich
in granites and
gneisses.
First
class stone can be
obtained at all the
places named, and
at many others
also. At Hampi,
there are many re
markable ruins
shewing fine carv
ings in local gra
nite, and several
notable monoliths
of great size.
R. B. Foo1e.
Cly. Gvp.
Lte. Ochr.
Sal. Snd.

Mem. X, 131

At Palaveram. Cud
daparai and Patanpalam ;
highly
hornblendic gneis
ses very largely
quarried for arti
cles of domestic
use. Palaveram
yields the rubble
stone used in the
Madras Harbour
Works. AtNandivarurr, beautiful
pale, yellow and
pinkish granitoid
admirably adapted
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MADRAS—continued.
QUARRY STONES-continutd.
Mineral or
Stone.

Locality.

Reference.

Other
Minerals.

GRANITE, Ch1nglkput—contd.
Cuddaparai Choultry,
&c., Grt.—
contd.
&c.—contd.

for ornamental
purposes, but not
used as yet. Very
6ne and large
blocks, 14to 16 feet
long, of hornblendic gneiss at Wallajabad. At TimkarI and Seven Pa
godas,
granite
largely quarried.
R. B. Footb.

COIMBATORE—
Karur
Man. 20 ;
Palghat (North side of fI Dist.
Mem. IV, 147.
gap) .

Ganjam—
Mahendragiri .
K1stna—
Ballamkonda .
Kondapilli hills.
Kondavidu hill
Vinukonda

Madura—
Ambalathandi.
Ansimallai.
Arupukotai

Kalligudi Chuttram
Kotaipardi
Numurupur.

Remarks.

Schistose forms of
gneiss predomi
nate generally ;
but massive grani
toid bands at the
places mentioned.
R. B. Foote.

Man. III, 536.
Mem. XVI, 107
Ditto,

106

Mem. XX, 100

Gar.

Three extensive old
hill forts built of
the rock they
stand on. Much
of the granite is
very handsome in
color and texture,
and susceptible of
very high polish.
The rock of Kon
davidu is especi
ally noteworthy for
its great variety
and beauty of
color.
R. B. Foote.

A splendid rich, red
stone ; quarries
very well and of
great size.
Pale granitoid, with
many pink garnets,
largely quarried.
Rich red stone.
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MADRAS—continued.
QUARRY STONES—continued.
Mineral or
Stone.

Locality.

GRANITE,
Madura—contd.
, Sc., Crt.— Puliarpatti
contd.

Shayalpatti.
Tirnparaikundram.
Tirushulai
N1lo1r1—
Dodabetta (N. side
of).
Ell Hill (S. side of) .
Kaiti valley .
North Arcot—
Chetput .
Nagari hill
Palikonda
Ranipett .
Sholingar
Trittani .
Vellore .
Wandiwash

Pudakota1 State—
Kunamulla

Reference.

Rec. XII, 146, 157

Remarks.

Pale banded hornblendic rock,
largely quarried
for temple pillars,
&C.

Mem. XX, 99.

Mem. I, 245;
Disl. Man. 83,
97-

Hornblendic gneis
ses, well suited for
quarrying.

Rec. XII, 207

Very handsome and
useful granites,and
massive gneisses
are quarried, often
on a large scale,
at the places men
tioned.
Sholin
gar stone is large
ly used in Madras ;
a very handsome
dark-green and
pink
syenitoid
can be got on the
western slope of
the Nagari Nose
mountain.

Rec. XII, 146, 157

Very
handsome
rock of pale shades
of bluish and whit
ish-grey.

Tirukundam.
Tirumayam.
Virallimalla1, (20 miles
S. W. of Trichinopoly.)

Salem—
Sankeghiri Drug

Other
Minerals.

A very beautiful
stone; pink, band
ed with grey or
black, in Vandyke
patterns.
R. B. Foote.
Mem. I, 228

Many large veins
of true eruptive
granite occur here,
cutting through
the gneiss.
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MADRAS—continued.
QUARRY STONES—continued.
Mineral or
Stone.

Locality.

GRANITE,
&C, Grt —
concld.

Salem —contd.
Yailagiri .

South Arcot—
Gangaveram hills
Gingee
Tiagar Drug

TlNNEVELLY—
Kolapatti
Waddakarai

Travancore State—
Cape Comorin .

Tr1ch1nopoly—
Golden rock
Mammalai
.
Peratnbalur

Ratnagiri
Trichinopoly rock

Reference.

Other
Minerals.

Remarks.

Very
handsome
porphyritic gra
nite occurs largely
on the western
flank of Yailagiri.
R. B. Foots.

, Mem. X, 77

Mem. XX, 23, Gar.
101.

Rec. XV, 89; XVI
24.

Mem. IV, 367.
Ditto,
1.
Rec. XII, 158

Mem. IV, 31a
Ditto, 367.

Handsome grani
toids susceptible
of high polish.

Pale
granitoids,
with many small
pink
garnets.
Largely quarried
at Waddakarai.
Many very 6ne
granitoids exist to
the south of Palamkotta, but no
great
quarries
were met with du
ring the survey.
Gneisses, generally
like those of the
Nilgiris, but more
quartzose. The
Cape
Comorin
type of rock which
abounds in S- Tra
vancore is a wellbedded, massive
quartzo-felspathic
granite-gneiss ; abounding in small
rich-coloured gar
nets.

Quarries west of
this village of
black hornblendic
rock : whence the
great Tanjore bull,
and other fine mo
noliths are said
to have been rais
ed.
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MADRAS—continued.
QUARRY STONES-conti«««*.
Mineral or
Stone.
LATE RITE,
Lte.

Locality.

Reference.

Bellary—

Remarks.

Ant. Cly.
Cop. G.
Grt. Ld.
Mag. Man.
OCHR. S.
Sop.

Sundur Hills .

Man III, 549; Rec.
XIX, 106.

Ch1nglep1jt—
Avadi Railway Station
Ingawarpalliam
Kandur .
.
Kunam .
.
Palaveram
Ponjur .
.
| Mem. X, 132
Red Hills
Sripermatur
Tinanur Ry. Station .
Tirumangalam
Trivellur
.

Ganjam—
Chattarpur
Gopalpur

Other
Minerals.

.

Sub-zrial beds of
this rock, formed
by the alteration
of haematitic talus
debris, form ter
races of consider
able extent on the
southern flanks
of these hills.

Quarries for later ite
used as rough
building stone,
and very largely
as road material,
exist, or could be
opened, at these
places ; and at
many others off
the general lines
of traffic.

•

Madras Mus.
Report on the Hill
of Mahendragiri,
Calcutta 1870,
Ball., 22.

GODAVARI—

Dudugut .
Pentium .
,
^Mem. XVI, 248 .
Pungadi .
Rajahmundry-Samalkot.

No survey has been
made of the dis
trict : but there is
no doubt that
laterite, or lateritised rock ii fre
quent along this
part of the coast.
C. Cor. D.
Gar. Grt.
L1m. M1.
Plm. Q.
Sal. Snd.
Sul. Trp.
•••

These four areas
of generally sand
stone rocks, lying
along the inland
edge of the Godavari and coastal
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MADRAS—continued.
QUARRY STONES—continutd.
Mineral or
Stone.

Locality.

Reference.

LATERITE, Godavar1—contd.
Dudugut, tic.—contd.
He.—contd.

Other
Minerals.

Remarks.

alluvial tract, give
numerous stretches of laterite which
is quarried in
many places for
coarse building
stone and road
material.

Kurnool—
Rudrar .
Siruvel

"J Mem. VIII, 279,
) 80.

Not of any extent,
but here, as in
many other parts
of the district, a
product of decom
position in the
neighbourhood of
iron beds.

Madura—
Manamadjra
Puganeri
Serruvayal
Sivagunga
Shahkotai
Shuragud:

Rec. XII,
Do.,
Do.,
Do.,
Do.,
Do.,

Malabar

Dist. Man.

Typical
laterite
conglomerate oc
curs around all
these places.
Laterite of good
quality is largely
quarried here.
Pretty generally
distributed
all
over the low coun
try: in fact, the
most evident rock
on the West Coast
which is the coun
try of laterite.

Nellore—
Kavali
Naidupet
Nellore .
Ramapatam
Rasanur .
Sulurpet .
Tadda
N1lg1r1 —
Paikara R.

153
do.
do.
do.
do.
do.

Mem. XVI, 86,
87, 179.

Mem. I, 235

Largely used for
road material and
occasionally, as at
Nellore itself, a*
good
building
Near this river, on
the road from
Ooty to Makurti,
also in many other
places on the pla
teau, but only
local and in small
patches; a product
of decomposition
of the country
rock.
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MADRAS— continued.
QUARRY STONES-continued.
Mineral or
Stone.

Locality.

Reference.

LATER1TE, PONDICHERRY—
Lte.—contd. Red Hilis

Mem. IV, 206

North Arcot—

Alikur .
Ramagiri
Sattavedu

Pudukota1 State—
Arrimullum .
Aulangudi
Kilvellikotai .
Pudukotai
Urriur

Remarks.

...

Entered here as a
part of the chain
of laterite patches
extending along
the Madras coast.

Clv. Grt.
Ochr. Sal.
Snd. Sod.
Trp.
) Mem. X, 38; Rec.
$ XII, 204.

Lateritic conglome
rate of extraordi
nary coarseness :
the less coarse
parts quarried for
rough stone.

[Rec. XII, 153
\ and 157.

Hard typical laterite
conglome
rate near the west
ern boundary of
the lateritic area.
The famous old
fort of Kilvellikotai is built en.
tirely of laterite.

Salem— .

Shevaroy Hills

Other
Minerals.

Chr. Cor. G.
Grt. Mao.
Sop. Trp.
. Mem. IV, 261

Forms a capping on
the Shervarayan
and other highest
points. A pro
duct of decompo
sition of ferrugi
nous rocks.

South Arcot—
Capper's Hill (Cudda- Mem. IV, 173.
lore).
Verdachallum.
South Kanara .

...

Laterite of the
West Coast ; com
mon in the low
country.

Tanjore—
Gandarakotai .
Vallum.

Mem. IV, 168, 263; Q. .
Rec. XII, 152.

. Vast sheets of late
rite and lateritic
conglomerate oc
cur west and south
of Gandarakotai.
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MADRAS—continued.
QUARRY STONES-continued.
Mineral or
Stone.

Locality.

LATERITE, Travancore State—
Lte.—concld.
Warkilli .

Tr1ch1nopoly—
Strimustrum .
Thungudi
Trichinopoly .

LIME
STONE,
Anantapur — .
&c., Lim.
(Includes Gudipadu
most mar
bles of dif
ferent kinds,
calcare o u s
flag-stones,
Kunkar or
G h u t i n,
Travertine.
Also, for
conveni
ence, ser
pentines and
alabaster.)
Khona Upalapad

Raialcherravu

Reference.

Other
Minerals.

.:.

A MB. Cly.G
Gar. Grt.
Plm.

Rec. XV, 92

• ••

Mem. IV, 206
Ditto, 265
Ditto, 263

.
. I

Mem. Vi'II, 82

.

-

Remarks.

Great part of the
low country of
Middle Travan
core consists of
laterite, much of
it being a produce
of decomposition
of the country
rock.

Extensions of the
Valium conglo
merates.

D. Grt. Trp.
Blue, bluish-grey,
and black " Narji
limestone."

White travertine,
of recent forma
tion, with vege
table impressions
and included landshells.
Burnt into lime
which is much
valued by betelchewers ; 6 miles
south of village.

Rec. IV, 18 .

Mem. VIII, 165;
Dist. Man., 94.

O •»

Pale green and
white limestone ;
also serpentine.

PART 3.]

KIng: Provisional Index.

169

MADRAS—continued.
QUARRY STOXES-continued.
Mineral or
Stone.

Locality.

Reference.

Other
Minerals.

LIME
Bellary—
STONE, &c Gadiganur (S. E. of) .
Lim.—contd.

Grey and white
banded crystal
line limestone.
Grey
crystalline
limestone.

Huvina Hoddigalli
(6 miles, and 12 S R. B. Foote
miles S. E. of)
Tornagal (S. of)
COIMBATORE—
Maddakarai

Cuddapah—
Beddadur Hill

A bed of crystalline
limestone between
two trap flows.

Mem. I, 224, 246 ; Grt.
Madras
Jour.
Lit. and Sci.,
N. S„ III, 5.

Polliam .
Mem. IV, 272
South and S. E. of
Karur.

Grt.

Mem. VIII, 290 . Tr p.

Chagalmarri
Cuddapah

Ditto,
Ditto,

52.
„

Dhur
Kalsapad

Ditto,
Ditto,

„
230

Nandiallampet
Narji

Ditto,
Ditto,

„
70

Remarks.

Crystalline lime
stone, 5 miles
S. W. of Coimbatore. Pink and
grey, approaching
to white are the
preva'ent colors ;
well adapted for
interior decora
tion, takes a high
polish.
Many bands of
crystalline lime
stone. Pure white,
fine and coarse
grained marble.
A beautiful pink
variety of close
texture, and very
pure, occurs in
many of the
bands.
Kunkar very com
mon.
West of Kondapuram Railway Sta
tion. Pale blueish grey in colour.
Coarse grey-flaggy
limestones
in
neighbourhood.
Grey semi-crystal,
line.

Ld.
Flaggy, and thinbedded limestone ;
grey, blue, nearly
black,fawn-coloured, buff. Largely
quarried in con
struction of Mad
ras Railway ; also
the black variety
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MADRAS—continued.
QUARRY STONES—continued.
Mineral or
Stone.

Locality.

Reference.

Other
Minerals.

LIME
Cuddapah— contd.
STONE, &c.,| Narji—contd.
Lim.—contd.

for ornamental
purposes m Mad
ras ; takes a good
polish. Best for
interiors. " Narji
stone."

Ontamitta
Raialcherru

Mem. VIII, 23o.

Reddipalli

Mem. VIII, 208

Vaimpalli
,
Wattalurkonda
GODAVARI—
Karteru .
Pungadi .

Serpentine lime
stone and serpertine, green
colours.
Very remarkable
breccia of lightgrey colour.

Ditto, 361.
Ditto, 205.

} Mem. XVI, 234— Snd. Trp.
) 243-

Quarries. Yellowbuff, and brown
ish-red, somewhat
crystalline, occa
sionally magnesian, almost a
dolomite, 12 to 14
feet in thickness.
Calcareous sand
stones at Dudkura.
Fossiliferous lime
stone ; somewhat
magnesian.

D.Gar. Grt.
Ltk. Q.
Slt. Snd.

KlsTNA— .

Dachapalli (Palnad)

Remarks.

Mem. VIII, 282

Jaggayapetta .

Ditto, 295

Kakeralla

Ditto, 231

Melluvaga
.
Mukteala (on the
Kistna).

Ditto,
Ditto, 298

A vast develop
ment of limestone,
in thick and thin
beds, compact, of
excellent quality
and various colour
ing.
Fine grey and varie
gated
compact
limestones.
Extensive beds of
crystalline and
sub-cry s t a 1 1 i n e
limestone.
Ditto ditto.
Grey, or grey and
white, compact
flaggy limestone.

171

KING : Provisional Index.

PART 3]

MADRAS— continued.
QUARRY STONES—continued.
Mineral or
Stone.

Reference.

Locality.

Kurnool—
LIME
STONE, &c., Banaganpilli (E. of) . Mem. VHI,
Ditto,
Lim.— contd. Bandi Atmakur
Ditto,
Betamcherla .
Ditto,
Billum

•

Other
Minerals.

Remarks.

...

Flaggy gfey ''roestones of good
quality.
Serpentine, palegreen and yellow
ish.

52.
„
„
33

Jorapur (E. of Kurnooli.

Ditto, 166

Kurnool .
Madavaram

Ditto, 52.
Ditto, 166

Sop.

Marrlvaimla (W. of.) .
Mutakula
Pagidala ,
Potalapad

Ditto, 231.
Ditto, 231
Ditto, 52.
Ditto, 231

Sop.

Madura—
Kilakarai

Serpentine lime
stone ; white crys
talline limestone.

Sop.

Mem. XX, 70—73

•••

Kokulam

Ditto,

19

Pambam .

Ditto,

70—74

Pantalaguli

Ditto,

21

...

Rameswaram Island

Ditto,

70— 74

...

Shenkottai

.

Ditto,

23

Tirumal .
Valimukkam

.

Ditto,
Ditto,

19
68

Nellore—
Chundi .
Pedda Arikatla

Mem. XVI, 23
.

Ditto,

„

Gr. .

Gr. .
...
.

. Cop. .

Here and along the
coast eastward ;
marine
shelly
limestone and cal
careous
sand
stone.
Important beds of
crystalline lime
stone of great
beauty : of grey,
grey and pink,
pink and pink and
green colours.
Upraised (sub-fos«
sil) coral reef. .
Same as at Koku
lam.
Same as at Pam
bam.
Crystalline lime
stone.
Ditto ditto.
Marine shelly lime
stone, and calca
reous sandstone.
I Grey crystalline
limestone.
I Whitish sub crys
talline limestone :
8 miles N. by E.
of Kunnigiri.
I N. B.—A good deal of
lime is manufactur
ed from the sub-recent
shell beds in the
backwater depos1ts ;
and from Kunkar
wh1ch occurs only
locally.

172

Records of the Geological Survey of India.

[VOL. xxui.

MADRAS—continued.
QUARRY STONES—continued.
Mineral or
Stone.

Locality.

Salem—
LIME
STONE, &c.,| Shattambur
Lint.—concld.

Sunkagiri Drug
TlNNEVELLY—
Karseri .
.
Kuddungkalam

Samngarungapuram
Sathankolam .
Sevandipatti
Tutikorin
Trich1nopoly—
Assur

Other
Minerals.

Reference-

Get. .

Mem. IV, 273

Ditto, ditto

Seven miles S. W.
of Namakal. A
6ne show of grey,
white and pink
limestone of ex
cellent quality.
Thin beds of grey
crystall1ne lime
stone.

Mem. XX, 57 .

Calcareous tufa.
Eleven miles N. E.
of Cape Comorin.
Marine
shelly
limestones of fair
quality.

l Mem. XX, 77 .

Great spreads of
massive calcare
ous tufa of alluvia]
origin. Kunkar.
Rock coral, used for
coarse building
purposes.

Ditto,

102

.

Crystalline lime
stone of pale
colours.

1Man. III, 456.;
Mem. IV, 94.

Elanuthumangalam . Mem. IV, 275.
Garudamungalum
Ditto, 116

Kalligudi

Ditto,

62

Kalpatti .
Karai
.
Kiranur .

Ditto,
Ditto,
Ditto,

274.
36272

Konkanattam .
Maravatur
Muttum .
Narasi ngapuram
Nevelli
Odiam •
•

Ditto,
Ditto,
Ditto,
Ditto,
Ditto,
Ditto,

120 .
89.
276.
272,275.
276.
91 .

VlZAGAPATAM—
Borra
Nilgalgunta.

Remarks.

Rec. XIX, 153

The well-known
Trichinopoly
shell
limestone
or marble.
Marine coral lime
stone.
Crystalline fimestone of pale
colours.
Ditto
ditto.

Ditto
Grt.

d1tto.

Crystalline lime
stone, pale colour
ed, close texture.
Also remarkable
caverns,
with
splendid displays
of stalactitic and
stalagmitic tufas.

N B —Concretionary and nodular calcareous tufa, travertine, or 1 kunkar,' occurs In most dIstr1cts ; chiefly in
those contaInIng large spreads of cotton soIl wh1ch It almost InvarIably underlies It occurs also largely at the
sulrace of most tracts of the more hornblendIc rocks. R. B. Foote,
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MADRAS—continued.
QUARRY STONES—continued.
Mineral or
Stone.

Locality.

SAND
Anantapur—
STONES, Brllary—
Snd.
(Includes any
sandy rock
used
for
building,
even calca
reous sand
stones, flags ;
also quartzites which
are
only
indura ted,
sandstones.
Pebbly
rocks).
ChInglbput—
Conjeveram
CuDDAPAH —

Reference.

Remarks.
No true sandstones
occur in these
districts: the
quartzites repre
senting them are
too hard to be
dressed and are
only used for
rough buildings
and revetments
of tank embank
ments.
R. B. Foots.

Mem. X, 132

Compact sandstone.

Mem. VIII .

Altered sandstones
(quartzites)
of
various kinds are
common in the
hilly parts of the
district, and are
often used as good
building stones, or
even grindstones.
Occasionally these
are weathered to
such an extent as
to look like ordi
nary sandstones.

GODAVARI —
Janampett (N. N. W. Mem. XVI, 249,
of Ellore).
'S3Peddapuram (7 miles
N. W. of Samulkotta).

PoMavegi (7 miles
N. of Ellore).

Other
Minerals

Very durable stone.
Very good building
stone, which of
course requires
selection. Similar
sandstones are to
be found on the
plateau
tracts
bordering the edge
of the alluvial
coastal plain in the
neighbourhood of
R a j a h m u n dry,
Ellore, and Gollapilli.
Red sandstone;
some of it of a
bright vermilion
colour, and well
worth developing.
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MADRAS—continued.
QUARRY STONES-continutd.
Mineral or
Stone.

Locality.

Other
Minerals.

Reference.

SAND
Godavar1—contd.
STONES,
Tundkalpndi
(14
Snd.—contd.
miles N. N. E. of
Ellore).

•••

Buff, granular felspathic rock, of
perfect durability.
A most useful
stone.

KlsTNA—
Chebrolu (8 miles of Mem. XVI, 78
S. E. of Guntur).

Palnad

.

...

Mem. VIII, 107, L1m. .
121.

Pavulur (2 miles N. E. Mem. XVI, 69, 107
of Budavada).

Tungellamudi
(8
miles E. of Guntur).
KURNOOL—

Yeldurti

.

Ditto,

78

283

Madura—
Ammagudi (4 miles Mem. XX, 37
N. W. of Arrantangi).

Red and purple
sandstones:
colours very hand
some. Stone much
esteemed by the
JaIns, as shown in
old rains. Large
ly quarried by the
Public
Works
Department, and
people generally.
Altered sandstones
(quartzites) very
common in the
hilly parts of this
tract.
Hard greenish, or
bluish-black cal
careous
sand
stones, weathering
brown. Largely
quarried by the
Public
Works
Department.
Same as at Che
brolu.

Mem VIII .

Ditto,

Remarks.

Altered sandstones
(quartzites) very
common in the
hilly parts : very
often admirable
building stones.
.

.

Between this village
and Tekur, in the
low scarps to east
of high road, a
coarse felspathic
grit _ is largely
quarried for grind
stones.
...

Coarse flaggy grits,
forming a scarp
overlooking the
valley of the
Vellar. Quarried
for local use.

KING: Provisional Index.
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MADRAS—continued.
QUARRY STONES -continued.
Mineral or
Stone.

Locality.

SAND.
Madura—contd.
STONES,
Kalakarai
Snd.—contd.

Reference.

Mem. XX, 70, 102

Sivagunga (2 miles
S. E. of).

Ditto,

38, 102

Valimukkam

Ditto,

68, 102

Nellore—
Budavada (24 miles Mem. XVI, 69
N.by E. of Ongole)
Kovur (N. of Nel
Ditto, 178.
lore).
Ditto,
„
Peddawarum
Razpudi, 17 miles N.
N. E. of Ongole.

Ditto,

65

Vemavaram (14 miles
N. E. of Ongole).

Ditto,

64

North Arcot—
Alikur

Mem. X, 75

Other
Minerals.

Remarks.

East of the village,
and all along the
' sandstone quay'
to Toniturai Point
opposite Pambam ,
remains of old
quarries
were
noted.
Dark purplish-grey
hard grits, with
brown bandings:
largely quarried.
A great quarrying
industry
once
existed here, large
masses of calcare
ous gritty sand
stone having been
raised and ship
ped away.probably
to the great temple
at Rameswarum.
Hard brown sand
stones, quarried
for local use.
Coarse ferruginous
grits.
Flaggy beds of hard
coarse shale (more
ofa sandstone than
a shale), varie
gated with con
centric bands of
delicate red pink,
mauve, purple and
occasionally
orange colours ;
often of great
beauty. Flags
quarr1ed largely
for building pur
poses.
White flaggy shales
similar to above.
Two miles S. E. of
village ; compact
fine-grained sand
stones, with con
cretionary purple
bands. Fair qua
lity.
G 2.
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MADRAS—continued.
QUARRY STONES- continued.
Mineral or
Stone.

Locality.

Reference.

SAND
North Arcot—contd.
STONES,
Nagaloperam .
Mem. X, 71
Snd.—contd.
Sattavedu

Do,

Tettu

Ditto, 69

do.

South Arcot—
Vellampaliam (on the Mem. IV, 207
Gaddilam R).
Velur (near Verdachellam).

Tanjork—
Vallum .
TlNNEVELLY—
Panamparai

Vedanattam

Other
Minerals.

Remarks.

Dark purple coarse
sandstones, cut
into long troughs ;
S. E. of village.
Compact greyishbuff, or reddish
sandstone of good
quality.
Three miles W. SW. of Sattavedu ;
bright red com
pact sandstone,
quarried in large
blocks.
Compact, moderate
ly
fine-grained
sandstones ; used
for water troughs,
&c. Easily quar
ried.

Ditto, 167

Also near Tanjore
itself.

Mem. XX, 102

Quarries, Fine
cream-coloured or
brownish calca
reous sandstone ;
used in construct
ing the great Go
thic churches at
Megnanap u r a m
and Mudalur, also
the great temple
atTiruchandur on
the coast S- of
Tutikorin.
Quarries; 8 miles
N.by W. of Tu
tikorin. Fine
gritty calcareous
sandstones, large
ly employed as
building stone at
Tutikorin. Fine
cattle troughs, &c.,
made at the quar
ries.

Ditto,

66, 102

Travancore Statb —
Killiur .
Rec. XVI, 28

S. and N. N.W.
of this place; dark
and purplish hard
grits. Good, but
little used.
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MADRAS—continued.
QUARRY STONES—continued.
Mineral or
Stone.

Travancorb StatbSAN Dcontd.
STONES,
Snd.—contd. Warkilli .

Other
Minerals.

Reference.

Locality.

Remarks.

Rec. XV, 98

Occasional beds of
sandstone in the
cuttings and cliffs
of the hills here.

\ Mem. VIII, 139. Snd. L1m.

There are no true
slates in the Mad
ras Presidency,
that is, approach
ing the roofing
slate of commerce.
Slabby slates are
procurable ; but
not of large size.
Occasionally slaty
flags of tolerable
size are obtain
able.

SLATE, Sit CUDOAPAH —
(Includes flags, Budvel .
though these
are cleaved,
like slates.)
Howhoblum

Nullamallai Mts.

Ontamitta

KlsTNA—
Palnad .
KuRNOOL—
Kumbum
Nullamallai Mts.

TRAP, &C, Anantapur—
Trp.
Handi Anantapur
(Includes ba
salt, whin- Tadamurri
stone, and
other com
pact mas
sive dark- Bellary—
coloured Adwani ,
rocks. All Copper Mountain
vol ca ni c Guti
Oblagundi Gorge
rocks.)
(Sandur Hills).
Papanaykanhalli Ra
vine.
Ramandrug
Tungabudra, R.
Virapur Ry. Stn.

I

Ditto,

107

Ditto

ditto.

Ditto,

227 .

Ditto

ditto.

Man. III, 538

Trap. (Diorite
greenstone), from
great dykes i n
neighbourhood. '

Rec. XIX. 108

Trap dykes.
Ditto.
( Beds nr sheets of
1 '"p.
D tto.

Rec. XIX, 104
Ditto, 1 05
Ditto.
Ditto,

108

Ditto,

„

On eastern slope.
North of Sandur
Hills.
Trap dykes.
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MADRAS—continued.
QUARRY STONES—continued.
Mineral or
Stone.

Other

Locality.

TRAP, &c.. Ch1ngliput—
Trp.—contd. Alikur and Korteliar
Hills.
Naggaripett
CuDDAPAH —
Beddadur Hill .
Chittravutti R. .
] utur
Papugni Valley
Upalpad
Plateau
(Western slopes )

IV, 13°

Remarks.
Black trap dykes.
Greenish grey trap.
Many trap dykes in
this neighbour
hood.

Mem. VIII,
Ditto,
Ditto,
Ditto,
Ditto,

198
169
196
160
198

Numerous and
great beds and
sheets of contem
poraneous and in
trusive trap.

Godavar1 —
Karteru .
Mem. XVI, 241
Pungadi .
K1stna—
Bellamkonda .

1
Ditto,

42

Kubnool—
Dhone .
•
Jeldurga
Kapatral
Paipali
Pendakul
Polekul .
Puspulla Valley
Sunnagundla Drug
Ullur
Nellore—
Jelakabad
Kandra .
Paremkonda
Pokrapali
Tumoi .
Ullaporam
North Arcot—
Arcot .
.
Sholingar

Mem. XVI, 165
Ditto,
Ditto,
Ditto,
Ditto,
Ditto,

„
168
167
„
„

Dist. Man., 6

Lm. Snd. . Beds and sheets of
trap.
Plexus of trap or
greenstone dykes.
Trap dykes.
Trap sheet.
Dykes.
Ditto.
Ditto.
Great trap dyke.
Numerous beds and
sheets of trap.
Trap dykes.
Trap sheet, 10
miles E. N. E. of
Kurnool.
Greenstone
or
diorite.
Ditto
ditto.
Trap dykes.
Ditto.
Ditto.
Ditto.
Great plexus of
trap dykes.
Ditto
ditto.
A'. B.—There is a
tremendous deve
lopment of trap
dykes in this dis
trict, which ex
tends northwards
by Chittur into the
south-western part
of the Cuddapah
district.
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MADRAS—concluded.
QUARRY STONES—concluded.
Mineral or
Stone.

Locality.

Reference.

TRAP, &e., Salem—
Trp.—contd. Athur (S. of) .
Chinna Salem
Namakal (N. of)

Mem. IV, 329

Paithur hills, dykes.
Trap dykes.
Long trap dykes
running N. N. E.
from Nainhamul.
lai hill.
Dykes, 18 miles
W. of Salem.
System of great
W. N. W.—E. S.
E. dykes in the
Baramahal.
Trap dykes.

Mulliakerra Hill
Tangrikota

• ••

South Arcot—
Agaram Kotalam
Tr1ch1nopoly—
Korawadi
.
Nunnay .
.
Pulliur .
Tuludur Tukuri
Volkondapuram

—
Remarks.

Other
Minerals.

Mem. IV, 334
,
.
j Mem. IV, 329 .

...

Numerous,
and
great trap dykes.

NORTH-WEST PROVINCES AND OUDH.
IMPORTANT MINERALS.
Coal, C. Iron Ores, /. Gold, G. Petroleum, Oil. Salt, Sal.
Locality.
B1jnor—
Najibabad .
Dbhra Dun—
Kalawala Pass
Kheri
Timli

„
„

Garhwal—
Dhela R.

KUMAUN—

Bhamauri .

Bhim Tal .
Ranibagh .

Reference.

Other
Minerals.

Remarks.

Gazetteer, N. W. L1m. Snd. . Traces of lignite.
P. X, 291.
Gyp. Pho.
Slt. Snd.
^ Man. IIl, 102

Ditto ditto.

Asb. Cop.
G. Gyp. I.
Ld. L1m. Traces of coal or
Gazetteer X, 291
Plm. Sltb, lignite, from one
Snd. Sop. inch to two inches
SUL.
in thickness.
Alm. Ars.
Mem. XXIV, 34
Cop. Grt.
Gyp. Ld.
L1m. O1l.
Gazetteer, as above| Plm. Slte Traces of lignite
on the Bara Kheri
Snd.
pass, seam 4 inch
es thick.
Traces of true
Ditto, ditto
Peat.
Traces of liprnite.
Ditto, ditto

N.B.—There Is no promIse of workable coal InOthIs part of the HImalayan regIon. The black slaty shales
of MussurI and other places belong to a much older scries; but they, too, are of no account.
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NORTH-WEST PROVINCES AND OUDH—continued.
IMPORTANT MINERALS— continued.
Mineral or
Stone.
COAL C—
contd.

Locality.
MlRZAPUR—
Singrauli

IRON ORES. Banda— .
/.

Deori
Gobarhai
Khirani

Reference.

Other
Minerals.

Remarks.

Jd. Gondwana coal.
Gazetteer, XIV, Grt.
L1m. Snd.
Pt. 2, 1 8, 56.
Small extension of
Man. IIl, 88; Rec.
the Sone area of
VI, 16.
coal-bearing
rocks ; in which
there
appear
to be several
outcrops of coal,
in which also the
Kota colliery was
worked for some
years. Communi
cation difficult.
" The Mirzapur
coal area is bound
ed on the north
by the Aundhi
hill in Lat. 24° 12'
21" and Long. 82°
43' 5'"; on the
south by the Ballia Nad1 ; on the
east approximate
ly by the Rehand
river ; while on
the west, it ex
tends into Rewah.
The coal has been
acknowledged to
be good. It burns
freely with a clear
1
flame, leaving a
white ash ; but it
will not coke by
ordinary means."
Gazetteer, N. W.
P. XIV, pt, 2,
P- 57Man. IIl, 393; Cly. D. Grt. In the Bijawar
L1m. Snd. series.
Mem. II, 89.
Lateritic :
poor.
Dense sub-cryst
alline, red hema
tite, in an impure
dry clay ; in good
quantity, easily
worked.
Fuel
scarce.
| Gazetteer I, 97 .

Ore of fine quality;
" works managed
by a company of
lohars
(black
smiths) ; they pay
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NORTH-WEST PROVINCES AND OUDH— continued.
IMPORTANT MINERALS—continued.
Mineral or
Stone.

Locality.

Other
Minerals.

Reference.

IRON ORES, Banda—con1d.
Deori, &c.—contd.
J.—conid.

Garhwal-

Buchursaiun
Chandpur
Dussoli
Idiakot
Lobha
Nagpur
Painu
Pokri
Kumaun —
Agar

Chaugurka

Remarks.

nothing to the
Zemindars for the
right of digging
the raw ore, but
a sun- of R4 per
kiln per season.
Man. III, 406; Asb. C. Cop Several attempts
ironworks
Gazetteer X, 262. G. Gyp. at
Ld. L1m. under European
Plm. Slte. management ; ul
Snd. Sop. timate failure for
various reasons ;
Sul.
success very ques
tionable.
Native mine at
Duguru.
Mines at Kush and
Rajbunga. He.
matite.
Mines at Churbung
and Mok.
Mines at Dandatoli
Rec. II, 88;
and Pipuli.
IV, 20.
L1m. Slt. . Rich hematite, rais
ed in quantity.
Cop. Ld. Mines at Bukhunda,
Sul.
Gilet and Jakhteli.
Mines at Chelia.
Mines.
Cop.
Rec. II, 87; IV, Alm. Ars. Mines at Gulla,
19.
C. Cop. Nathna Khan, and
Grt. Gyp. Sutbunga. Agar
Ld. Lim. Putti is very rich
O1l. Plm. in iron ore, almost
Slte. Snd. every village hav
ing its mine.
Sul.
Ditto, ditto .

Darun
Dechauri

Ditto, ditto
Rec. VII, 15

Dhuniakot
Giwar

Rec. II, 87; IV,
»9Ditto, ditto

Kaladhungi

Rec. VII, IS

Worked in some
places.
Mine at Diguria.
Ore abundant, of
good quality.
Mine at Semulkha.

.

Cop.

Occurs near the
villages of Burigaon, Gudi, Khutsari, Melchaur,
Simulkhet and
Tilwara.
Ore abundant, vari
able in quality.
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NORTH-WEST PROVINCES AND OUDH—continued.
IMPORTANT MINERALS—continued.
Mineral or
Stone.

Other
Minerals.

Reference.

IRON ORES,1 Kumaun-co«W.
/.—contd. | Khairna .
Kharai

.

Khurpatal

Rec.VII, IS
Rec. II, 87 I IV, 19. Cop.

,

Ditto,

ditto

Kutoli .
Lukkbunpur
Ramgarh

Ditto, ditto
Ditto, ditto
Rec. VII, 16

TuIIi Rao

Rec.

Lalatpur—
GirSr

.

Under this heading
are included Loshgani, Natna Khan,
Pahli and Parwara. M icaceous
hematite, rich and
abundant, might
easily be worked.
Mines are also
said to occur at
Diguria and Julal.
Mines at Munglalekh ; good ore,
raised in quantity
in 1869.
Cop. Grt.
L1m. Slte.
Snd. Sop.

Pura

Confluence of the
Jumai and Betwa.
Pergunnah Maraura ;
hematite,
from which soft
iron is smelted
and
exported
largely to Sagar.

Salda

GOLD, G.

Garhwal—

Alaknanda R.
Benigunga
Kedarnath
Pindar
Sona

Not of much pro
mise.
Mine at Lobe.
Said to have been
worked by the
Kumaun
Iron
works.

II, 87

Gazetteer I, 323

Remarks.

Man. Ill, 216; Mem. Asb. C. Cop.
HI, Art. IV, 179; I. Ld. L1u.
Gazetteer X, 276. Plm. Slte
Snd. Sop.
Sol.
Gyp.
As. Researches,
XVIII, 236.

Auriferous sands.
Ditto.
Trace, in granite.
Tributary of the
Alaknanda. Sands.
Sands.
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NORTH-WEST PROVINCES AND OVDH—continued.
IMPORTANT MINERALS-continued.
Mineral or
Stone.

Locality.

GOLD, G.— MORADABAD—
contd.
Amangarh
Barapura
Dhela R.
Koh
Kotdwar .
Kot Kadir
Lakher Ghat .

Reference.

Other
Minerals.

I Journ. As. Soc. L1m.
f Ben., 11,265.

Remarks.

All these localities,
except that of
the Dhela river,
are tributaries of
the Ramgunga.
Gold dust : small
in quantity; but
more abundant in
the sands of the
Koh.

PETRO
Kumaun .
LEUM, Oil.

Man. III, 132; Rec. Alm. Ars.
C. Cop.
11,89; IV, 21.
Grt. Gyp. I.
Ld. L1m.
O1l. Plm.
Slt. Snd.
Sol.
Bitumen
exudes
Summit of Range be Asiatic Researches, L1m.
tween the Sarju and XVIII, 230.
from crevices in
limestone rocks.
Ramgunga.
II, 89;
Bitumen ; in the
Gowarseo .
.
. (Reo.
] Gazetteer X,
neighbourhood of
Kotgaon .
these
villages
( 297.
south of Paori,
near the top of
large cliffs ; and
is worked by the
natives, by means
of a scaffolding
suspended from
the summit.

SALT, Sal. . AZAMGARH
Mahal.

BULANDsHAHR .
Kali Nadi
Khadir Lands .

Gazetteer XIII, Cly. N1t.
Pt. I, p. 58.

In this Pargunnah,
especially in the
D1darganj tappa,
considerable de
posits of saltearth occur.

Man. III, 491
L1m. N1t. . Earth salt.
Small saline patches
Gazetteer III, 35 . Sod. .
along banks of
this river.
These lands form
.
a tract adjacent to
the Jumna, in the
western corner of
the Dadri Pargun
nah. On this tract,
the 44 villages—
the largest pro
ducing one at the
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NORTH-WEST PROVINCES AND OUDH—continued.
IMPORTANT MINERALS—toncluded. 4
Mineral or
Stone.

Locality.

Reference.

Other
Minerals.

SALT, Sal.— Bulandshahr—contd.
contd.
Khadir Lands— contd.

Cawnporb

Remarks.

time having been
Mubarakpur — si
tuated on it having
had 319 salt works,
producing 413,300
maunds of salt,
before salt manu
facture was pro
hibited.
Journ. As. Soc., Clm. Lim.
Ben. III, 136.

Earth salt.

S. B.—There Is no rock-salt. All the »alt that used to he made 1n the No9h-Western Province! was from
ea9h salt, which la most likely common enough near most of the rivers In the alluv1al districts ; and 1n the so1ls
around most old v1llages 1n the same country.
MISCELLANEOUS MINERALS.
Alum, Aim. Antimony Ores, Ant. Arsenical Minerals, Ars. Asbestus, Asb. Bismuth and Cobalt
Ores, B. C. Borax, Bx. Chrome Ores, Chr. Copper Ores, Cop. Corundum, Cor. Gypsum,
Gyp. Lead Ores, Ld. Magnesia Minerals, Mag. Manganese Ores, Man. Mica, Mi. Natron,
Nat. Nitre, Nit. Ochres. Ochr. Phosphates, Pho. Platinum, Pit. Plumbago, Plm. Soapstone, Sop. Soda Salts, Sod. Sulphur, Sul. Tin Ores, Tn. Zinc Ores, Znc.
Mineral or
Stone.

Locality.

ALUM, Aim. Kumaun—
Jak

Kosi R.

ARSENICAL Kumaun—
MINERALS, Munsiari
Art.

Reference.

Other
Minerals.

Remarks.

Man. HI, 434; Alm. Ars. C. On the road from
Gazetteer X, 297. Cop. Grt. Naini Tal to
Gyp. I.
Khairna. Efflor
Snd. Ld.
escence from pyL1m. O1l.
ritous shales. No
■
Plm. Slte. manufacture
Snd. Sul.
known, but na
tural alum col
lected for medici
nal purposes.
Below Almorah ;
efflorescence on
micaceous schist.

Rec. II, 88 .

Ditto

Northern part of
the district, yel
low arsenic (hurital) : only small
quantities brought
down to the Bagesar fair.
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NORTH-WEST PROVINCES AND OUDH—continued.
MISCELLANEOUS MINER ALS- continued.
Mineral or
Stone.

Locality.

Reference.

Other
Minerals.

Remarks.

ASBESTUS, Garhwal—
Ukhimath.
Asb.

Gazetteer X, 294.

Garhwal .
COPPER
ORES, Cop.

Man. IIl, 268; Asb.C.G. I. The mines of cop
Rec. 11,88; Gazet Ld. Plm. per in Kumaun
teer X, 279.
Slts. Snd. and Garhwal have
Sop. Sul. never been of
much
practical
value either as a
source of supply
for local consump
tion or as offering
a valuable return
to labour and ca
pital. Gazetteer,
N. W. P, X, 279.

Agar Sera

In the Lobha patti ;
old mines, thin
strings of vitreous
and purple copper
ore.

Dewalgarh

• ••

Dhanpur
Dhobri

C.Cop. G. I. In a hill north of,
and a short dis.
Ld. L1m.
Plm. Slte. tance from, village;
said
to be of very
Snd. Sop.
good quality : used
Sul.
•
as a dressing forI
wounds, and as
wick for oil lamps.
Worthy of enquiry.

Ld. .
Ld. .

.

Nagpur .
Pokhri

.

Tornakoti

...

.

...

\ Said to have yield/ ed largely in
( former times.
C Copper pyrites,
\ grey and vitre) ous copper.
Several old mines
here, deserted.
Centre of a group
of mines, three of
which were the
scene of the ex
perimental mining
carried out by
Government
under Mr. Wilkins in 1838.
Same as at Agar
Sera : mine said
to be favourably
situated for^wood
and water.
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NORTH-WEST PROVINCES AND OUDH—continued.
MISCELLANEOUS MINERALS—continued.
Mineral or
Stone.

Locality.

COPPBR
Kumaun .
ORES,
Cop.—contd

Beler
Chinkalkolli
Ganguli .

GYPSUM,
Gyp.

Other
Minerals.

Reference.

Remarks.

Man. III, 267 ; Rec. Alm. A rs. C
II, 87; IV, 19; Grt. Gtp.
Gazetteer X, 279. I. Ld. L1m.
O1l. Plm.
Slte. Snd.
Sul.
.

Giwar .
Gurung .
Kharahi .
Sira

.

Lalatpur—
Saurai

.

I

Dkhra-DOn

I

"'.

Rec. I, 16 ; Gazet Grt. I. L1m. Mansaura pargun
teer, I, 323.
Slte. Snd. nah. Lode not
fixed ; but rolled
Trp.
lumps of copper
ore 1n old pit.

Man. III, 4S3 ; C. Ochr.
Mem. III, Art. IV, Pho. Slte.
Snd.
177.

Jari Pani
Nagal.
Ranon.
Sahansadhara.

Garhwal—
Alaknanda R.

Kumaun —
Chhakata Pargunnah

Old mines.
Ditto.
Bujil mine, and Rethaiat mine (Belpatti) Fudiali mine
(Altragaon patti),
Rai mine, and
Tamba Kban
(Ganguli patti).
The Rai mine is
said to be the most
important in Ku
maun.
Small mine.
Old mines.
Gaul mine.
Noted for its cop
per mine : in the
Barabisi patti.

Not in much quan
tity at these
places ;
most
likely a product
of infiltration in
recent times.
Gazatteer X, 294 . Asb. C. Cop.
I. Ld. L1m.
Plm. Slte.
Snd. Sop.
Sul.
Alm. Ars. C.
Cop. Grt.
I, Ld L1m.
O1l. Plm.
Slte. Snd.
Sul.
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NORTH-WEST PROVINCES AND OUDH—continued.
MISCELLANEOUS MINERALS—continued.
Mineral or
Stone.

Locality.

GYPSUM,
Kumaun —contd.
Uyp.—contd. Nihal Bridge .

LEAD ORES, Garhwal .
Ld.

Dhanpur

Kurrakot
Nagpur .
Tachirda

Reference.

Gaul

Remarks.

Between Nihalpur
and Dhapla village.
Estimated amount
838,500 maunds,
or 37.43° to"*; a
tufaceous sort of
deposit of recent
formation from
springs.

Rec. XXII, 137 .

Man. III.308 ; Rec. Asb. C. G. " The lead mines
II, 88 ; Gazetteer Gyp. I.L1m. in the Himalayan
Plm. Sltb. Districts of the
X, 29o.
Snd. Sop. N-W. P. appear
to be situated in
Sul.
localities difficult
of access ; several
of them are work
ed to a small ex
tent by the in
habitants for local
purposes." Man.
III, 308.
Galena. Ore said to
Sel. Rec. Govt, of Cop. .
be abundant, and
India, XVII, 74.
mine favourably
situated for work
ing.
Jak mine, Badhun
Ditto, ditto
pargunnah.
Cop. L1m. Old mine.
*••
Sltb.
Worked, but not ex
...
tensively.

Jhans1—
Jhansi Cantonments . Man. III, 399

KUMAUN .

Other
Minerals.

,•

Extent and nature
of deposit not
known ; but speci
mens of Galena
yielding 19 oz. 12
dwts. of silver to
the ton were found
on banks of
stream.

Man. III, 308; Alm. Ars.
Mem. III, Art. IV, C. Cop.
Grt. Gyp.
179.
L1m. O1l.
Plm, Sltb.
Snd. Sul.
Karahi patti ; Gale
Cop.
na in l1metsone.
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NORTH-WEST PROVINCES AND OUDH—continued.
MISCELLANEOUS MINERALS-continued.
Mineral or
Stone.
NITRE,
Nit.

Locality.
Allahabad—
Doab

Reference.

Other
Minerals.

Remarks.

.
Man. III, 500; Ga- LlM.
zetteer VIII, pt.
a, p. 11.

Sikundra
1

Saltpetre plains,
common in west
ern parts.
Common in eastern
half of this par
gunnah.

AZAMGARH—
Atraulia
Kauria.
Mahul.

Gazetteer XIII, pt. Cly. Sal. . The production of
saltpetre in these
1, p. 58.
pargunnahs was
prohibited by the
Customs Depart
ment on account
of the prevalence
of salt (chloride)
soil from which
salt might be
manufactured.

Ball1a— .
Bansdih
Behra.
Chichor.

Gazetteer XIII, pt. Sod. L1m. . Two refineries.
Ditto.
3. p. 66.
Ditto.
465 crude saltpetre
factories in the
district; the
quantity usually
manufactured is
estimated at
16,475 maunds
per annum. Most
of the factories
are in the Kharid
and Sikandarpur
pargunnahs. The
quantity of salt
petre refined in
the district was es
timated at 5,000
maunds in 1884.

BULANOsHAHR —
Khurja pargunnah
Pahasu.

Man. III, 500; Ga L1m. Sal. " Saltpetre is to be
found in almost
zetteer III, 38-40. Sod.
every village of
the district, in
more or less
quantities, and the
villages capable
of being worked
for this substance
must be some
hundreds in num
ber. In 1876, 95
factories produc
ing crude salt
petre, and two re
fineries."
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NORTH-WEST PROVINCES AND OVDR- continued.
MISCELLANEOUS MINERALS—continued.
Mineral or
Stone.
NITRE, Nit.
-contd.

Locality.

Other
Minerals.

Remarks.

EtawA

Gazetteer IV, 532. L1m. .

Leases, R 16 to R18
per factory.

GoRAKHPUR

Gazetteer IV, 345. L1m. .

A large quantity of
saltpetre is made
in the district.

Ma1npur1

Gazetteer IV, 53a. L1m. .

Leases, R16 to R1
per factory.

M EE RUT—
Bagpat pargunnah

PHOS-'
PHATES.
Pho.

Reference.

. Gazetteer III, 249. L1m. Sod. . A little saltpetre 1va
manufactured in
the Meerut Dis
trict in 1876.
There were about
150 factories, pro
ducing 150 to 200
maunds. Previous
to 1867, a refinery
was worked at
Harpur.

Dera Dun—

C.Gyp. Slt.
Snd.

Mussuri .

PLUMBAGO, Garhwal—
Karnpraiag road.
Pirn.

Man. IIl, 56; Ga Asb C. Cop. Lohba patti ; used
zetteer X, 292.
G. Gyp. I. as a dye.
Ld. L1m
Slte. Snd.
Sop. Sul.

Kumaun—
Bamini Devi.

Garjoli .
.
Kal1matia hill .
Palsini

Phosphatic nodules
in black clay-slates
near Mussuri.

Rec. XVII, 198

.

Ditto

Alm. Ars. In the spur facing
C Cop. Almora, on theGrt. Gyp. Lohughat road.
Ld. L1m.
O1l. Slt.
Snd. Sul.

Ditto

Near Balti.
North of Almora.
The graphite of
Garhwal and Ku
maun is not pro
mising in quantity
or quality.

Ditto

...

H
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NORTH-WEST PROVINCES AND GUVR—continued.
MISCELLANEOUS MINERALS—continued,.
Mineral or
Stone.

Reference.

Locality.

stea
potand
(not

SODA
SALTS,
Sod.

Remarks.

Gazetteer, N. W. Asb. C. Cop. " A white sapona
G. Gvp. I. ceous stone resem
P., X, 294.
Ld. Lim. bling and used
Plm. Sltb. for the same pur
Snd. Sul. pose as pipe clay
1s produced in
many places."

Garhwal .
SOAPSTONE, Sop.
(Includes
tite,
stone,
Talc
mica).

Other
Minerals.

Ham1rpur—
Gauhari.

Gazetteer, N. W. Grt. L1m. . Panwari pargunnah.
Owned by zemin
P., 1, IS7dars who levy
R2,000 to R3,ooo
per annum from
the stone-workers
for the privilege
of quarrying.
Made into toys,
hookahs,
pots,
vases, &c.

Jhans1— .
Gorari.
Palar.

Gazetteer, N. W- Grt.1 L1m. Six miles to the
north of Jhansi.
Trp.
P., I, 261.
An inferior kind
of soap-stone, pre
ferably pot-stone.

Ballia—
Bhadaon .
Kopachit.
Lakhnesar.
Sikandarpur.

Gazetteer XIII, pt, N1t. .
3, P- 67-

BULAMDsHAHR—
Arnia.
Bidauli.
1
Dankaur .
Ganges Canal .

Garabpur
1
Gujarpur
Jahangirabad .
Kambakshpur .
Pahasu
Surajpur .

Fifty factories for
carbonate of soda
(sajjtyn these pargunnahs.
Out
turn in 1884, es
timated at 11,400
maunds.

Gazetteer III, 38 L1m. N1t. Carbonate of soda,
called Sajji.
Sal.
Sulphate of soda,
Khari.
Sulphate of soda,
also Sajji.
All along this canal
patches of Sajji,
under the name of
reh.
Patches of Sajji.
Sulphate of soda.
• 1
N. W. of; carbon
/
ate of soda.
Sulphate of soda.
Carbonate of soda.
Carbonate and sul
phate of soda.

N.B.—These places of soda efflorescence occur in what are called the Khad1r lands. The manufacture of
sulphate of soda was prohibited owing to the large percentage of salt (Chloride) conta1ned 1n the Kkau or
tuphate of soda cart* The Sajji lands are only used when nat1ve glass 1s made.
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NORTH-WEST PROVINCES AND OUDH—continued.
MISCELLANEOUS MlNF.RALS-concluded.
Mineral or
Stone.

Locality.

Reference.

Other
Minerals.

Remarks.

SODA
Meebut—
SALTS, Sod. Khadir lands of the Gazetteer 111,249 N1t.
—contd.
Hindan.
SULPHUR,
Sui.

Garhwal—
Biri R.

Man. III, 159; Asb. C. Cop. Sulphur spring, two
Gazetteer X, 293. G. Gyp. I. miles above junc
Ld. L1m. tion with the AlakPlm. Slte. nanda R.
Snd. Sop.

Nagpur pargnnnab .

Kumaun—
Ganjia R.

.

Kathgodam
Naini Tal
Nargoli .
Ramgunga R. .

Sulphur spring
close to the snowy
range, to N. E.
of the Madh Maheswar temple.

. Rec.II, 88 .

Alm. Ars. Munsiari tract ; in
C Cop. bed of river, mixed
Grt. Gyp. with carbonate vof
I. Ld. Lim. lime, or perhaps
O1l. Plm. gypsum.
Slte. Snd.

...
...

? Sulphurous
^ springs.
Munsiari tract, as
above.

GEM-STONES, &c.
Amber, Amb. Beryl, Brl. Diamond, D. Garnet, Gar. Jade and Jadeite, Jd. Quartz, Q.
Rubellite, Rbl. Ruby, R. Sapphire, S. Spinel, Spi.
Minerals or
Stone.
DIAMOND,
D.

Locality.
Banda— .
Saya Lachhmanpur

Reference.

Other
Minerals.

Remarks.

Gazetteer I, 98 . Cly. Grt. Diamond mine at
L1m. Snd. this place which
is the summit of
a hill called Bindachal, about ' 14
miles from Panna,
in the Badausa
pargunnah. Only
J belongs to the
British Govern
ment, and this is
leased for Rs. 125
per annum.

ig2
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NORTH-WEST PROVINCES AND OUDH—continued.
GEM-STONES—continued.
Mineral or
Locality.
Stone.
JAUcI AND
JADEITE, M1rzapur—
Bhamni
Jd.

Reference*

Other
Minerals.

Rb marks.

Man. Ill, 517; C. Grt. Lm. Between this place
and Kotamowa.
Rec. VII, 5Iand at top of
Kurea Ghat, bands
of jads int.-rDedd -d with mica
schist.

Kisari

Olive-green jade
occirs N. W. of
this village.

Kurea Ghat.
•
QUARRY STONES.
Clays, Cly. Granite, Gneiss, &c., Grt. Laterite, L1e. Limestone, Marble, Kunkar, &c., Lim.
Sandstone, Snd. Slate, Sit. Trap, Basalt, &c., Irfi.
Minerals or
Stone.

Locality.

CLAYS, Cly. Aligarr .
Azamgarh

Nizamabad

Reference.

Other
Minerals.
Llm.

...

Remarks.
Bricks and pottery.

Gazetteer
125.

XIII, Sal. .

Gazetteer
•77-

XIII,

...

Pottery clays ; po
lished black pot
tery with white
patterns.
Fancy pottery.

Banda— .
Kol Garhaia.

Gazetteer I, 98

Cawnpork

Gazetteer VI, 42 . Sal. .

Brick clays are pro
curable in most
parts of the dis
trict.

Cal. Jour. Nat. L1m..
Hist. Soc. II,
593; HI, 152Gazetteer III, 488 L1m. .

Tiles.

Farukhabad —
Fatehgarh
Muzaffarnagar
Rampur

.

Gazetteer IX, pt.
3, 34-

D. Grt. I. Pipe clay is found
L1m.
in a pretty exten
sive deposit on
the hill above this
place, in Tarahwan
pargunnah.

Brick
and tile
clays.
Glazed
pottery,
pale blue and
green colours.
The clay is said
to be found only
in a tank near the
City of Rampur.

TS,
N.B.—Clays suItable for brIcks arc common all over the alluvIal plaIns of these provInces ; and arc manu
factured In most villages,, or to a larger extent In the great towns. Pottery of any account appears to be manufac
tured only In the places mentIoned; the AlIgarh pottery, principally of black, and red colours, is generally oft
show at the Ra1lway station.

PART 3.]

KiNG: Provisional Index.

193

NORTH-WEST PROVINCES AND OVBR-con/tnued.
QUARRY STONES-continued.
Mineral or
Stone.
GRANITE,
&C, Crt.

Locality.
Banda— .
Kalinjar hills!

(Includes all
fairly com
pact crystal Hamirpub
line rocks ;
as gneisses Jhans1
of all kinds,
generally of KUMAUN .
grey green
1sh or flesh
colours. Not
compact
massive
black
or
dark green
rocks such
as Basalt,
Trap, &c.)

LIMESTONE,
&c, Lim.

Reference.

Other
Minerals,

Man. IIl, 535; Cly. D.I.
Gazetteer I, 95,
447Gazetteer I, 56
Ditto

1, 261 . Sop.

Ditto

X, 296 .

At Almora, mica
schist is used as a
building stone ; at
Naini Til, clay
schist is used. At
Ranikhet, a pale
coloured gneiss
forms a handsome
and lasting build
ing stone.
Cop. I. L1m.
Sltb. Snd.
Trp.

Ditto X, 323

MlRZAPUR —
South of the Sone R.

Ditto XIV, pt. C. Jd. L1m.
2, 1 6, 55.

Gazetteer VII, 468 Snd.

A form of tufaceous or travertine
deposit (kunkar),
called block kun
kar, or dant by
the natives of the
district, is found
in the Chambal
ravines. The no
dular form of the
same deposit is
very commonly
distributed all over
the alluvial tracts
of the North
west Provinces,
and is generally
used for making
lime, or for road
material.

Ditto VIII, pt. N1t.
2, p- 37-

Quarries for kunkar
at this place in the
Arail pargunnah.
Inferior quality i
principally used
for road material.

(I n c 1 ud e s :
Marbles of
d i ff e r e n t
kinds, cal
careous flag-)
stones, Trave rtin e
'Kunkar,' or
'Ghutin.'
And,for con
v e n i e nee,
serpentines
and alabas
ter.)

Allahabad—
Lawain

Syenite, green stone,
&c., up to foot of
the scarp which is
of sandstone.

Sop.

Lalatpur

Agra—
Panahat Tahsil

Remarks.
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NORTH-WEST PROVINCES AND OUDH—continued.
QUARRY STONES- continued.
Mineral or
Stone.

Locality.

LIME
Al1garh .
STONE, &c.
Lim.—contd.

BAtLIA— .
Amdaria .
Bansdih .
Baragaon
Bhadaon.

Chilkahar
Firozpur .
Hanu1nanganj .
Lakhnesar
PhiprIa .
Sahatwar
Sannora .
Sihachaur
Sikandarpur

Banda— .
Chhibun.
Guncha .

Ken R. .

Tarahwan

Reference.

Other
Minerals.

Gazetteer II, 388 . Cly. .

Remarks.
Kunkar quarries
exist in consider
able numbers all
over the district,
Block
kunkur
costs a rupee per
hundred
cubic
feet to quarry, and
8 annas per mile
for transport.

\ Ditto XIII.pt. L1m. N1t. Quarries for soft
Sod.
kunkar.
5 3. p- 23.
Block kunkar in so
lid sheets of co
herent rock.

Soft kunkar.
*
:
•••
3

Block kunkar, as at
Bhadaon.
Soft kunkar.

***
Block kunkar, as at
Bhadaon.

Gazetteer I, 98

. Cly. D. Grt Kunkar; burned for
I.
lime in this pargunnah.
Ditto, ditto .
In the PaiUni pargunnah ; blackish
kunkar, met with
in quantities, for
road metal.
Kunkar for metal
...
ling roads, found
in this river, in
the Banda, Pailani and Sihonda
pargunnahs.
Mem. G. S. of I.
«**
300 feet of horizon
», 13.
tal limestones, fine
and compact like
Solenhofen stone,
but saccharine lus
tre, pale colours.
Kunkar burned for
lime in this pargunnah.
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NORTH-WEST PROVINCES AND OUDH—continued.
QUARRY STONES—continued.
Mineral or
Stone.

Locality.

Reference.

Other
Minerals.

Remarks.

Bare1lly—
LIME
STONE, &c. Chhura .
Lim— contd. Fatehganj, East

| Gazetteer V, 570

Bast1—
Manarama R. .

Gazetteer VI, 608

Benares .

Gazetteer XIV, 27

...

Kunkar, burnt as
lime,

Budaun—
Agol
Bichaula .
Chakolar
Masaudpura
Rasula .
Sikri Kasimpur

^ Gazetteer V, 37

.«•

Kunkar quarried at
these places ; and
at several others
in the district.
'Used mostly for
road metal.

BULANDsHAHR—
Akbarpur
Farhadpur
jaurauli .
jhont
todhi
Madanpur
Shahpur
•

CawnpuR—
Kandra .
Maswanpur
Tilsahri .

Kunkar is compara
tively scarce ; but
it repays excava
tion at these pla
ces, at one or two
places between
Bareilly and Bhojupura, and at one
village between
Jahanabad and
Richha.
The nodular form of
kunkar is quarried
in several places :
in most of which
it is soft clayey,
and apparently
more fitted for lime
manufacture than
for road ma
terial. Along the
banks of this river,
in the Manwarpara
tappa of Nagar,
it is found in a
harder condition.

| Gazetteer III, 40 N1t. Sal. Block kunkar, quar
ried at these places
Sod.
and used as build
ing stone. Kun
kar for metalling
roads is found all
over the district.
| Gazetteer VI, 41 Cly. Sal. . Kunkar, also occurs
pretty fairly dis
tributed all over
the district.
Quarries near the
city of Cawnpur
are becoming ex
hausted.
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NORTH-WEST PROVINCES AND OUDH-continued.
QUARRY STONES—continued.
Mineral or
Stone.

Locality.

LIME
Eta .
STONE, &
him.— contd.
EtXwa—
Ahneya nadi
Chambal k.
Jumna R.
Puraha nadi
Farukhabad—
Girwa
Khalla .
Mamapur
Ra1nzanapur
Ritaura .
Saraian .
Sohapur .
.
Talgram .
Ukhra .
Fatehpur

Garhwal—
.
Alaknanda R.
Lohba patti.
Nayar R.

GhAz1pur—

Reference.

Other
Minerals.

Gazetteer IV, 33

...

Block kunkar.

^Gazetteer VII, 57 Clv. .

Block kunkar.
Quarries.

Gazetteer VIII, pt.
3. P- 25-

...

Kunkar is found in
large quantities
throughout the
district.

, Gazetteer X, 295 . Asb.C. Cop. Three ranges of
G. Gyp. I limestone hills;
Ld. Plm. north of the first
Slte. Sno. river in Nagpur,
Sui.
running
from
Lobba patti to the
Pindar R., and
south of the Nagar.
Likewise
other
small patches scattered through the
district.
Gazetteer XIII, pt.
Kunkar is found in
...
a P- 33 •
all the upland
parts of the dis
trict.
J Gazetteer VI, 344 N1t. .

Ham1rpor

Gazetteer I,

hAns1 — .

Block kunkar is
found throughout
the district.

^ Gazetteer IV, 270 N1t. .

GORAKHPUR—
Ghagra R.
Taraina R.

Jaunpur .

Remarks.

Kunkar scarce.

157 Grt. Sop. . Kunkar.
Gazetteer XIV, pt.
Kunkar occurs in
...
the upland parts
3. P- 27of the district.
Gazetteer I, 262 Grt. Sop. . Kunkar obtainable
all over the dis
trict.
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NORTH-WEST PROVINCES AND OUDH—continued.
QUARRY STONES—continued.
Mineral or
Stone.

Locality.

Reference.

Kumaun—
LIME
STONE, &c Bageswar.
Lim.—contd

Gazetteer X, 295

Baitalghat
Borarau .
Charal ,
.
,
Chital (N. of Dwara
hat)
Dhaianirao
Dhikuli .
j
Gunjta R.

Other
Mineral3.

Alm. Ars. Lime is manufac
C. Cop. tured from lime
between
I. Ld. O1l. stone
Plm. Slte this place and
Snd. Sul. Almora.

j
...

Jaiuli (Kharahi range)
Na1n1 Tal—
Nihal nadi.
Ramnagar (Cart-road
to).
S1malkha
Sira
Sor
... I

Remarks.

Gyp. .

Rock limestone j
from which lime
is burnt, also as
building stone.
Calcareous tufa,
kunkar.
Rock limestone.
Calcareous tufa.

Rock limestone.

Lalatpor .

Gazetteer

Ma1npur1 .

Gazetteer IV, 533 N1t. .

Meerut—
AySdnagar
Brijnathpur
Chbajupur
Dattiana .
Faridpur .

Gazetteer III, 848 N1t. Sod. . Kunkar.
.

Malahra .

.

.

Meerut .
Nali Hasanpur
Nandpur .

I, 324 Cop. Grt. I. Kunkar.
Slte. Snd.
Trp.

H4pur pargunnah.
Ditto.
Ghaziabad tahsil.
Gathmuktesar par
gunnah.
Ditto
ditto.

.

,

Narainpur

O••

Raj pur .
Rasulpur Dantla
Sadullapur
Sikhera .
.
Tihrot

.

Kunkar abundant
and of good
quality.

...

•••
O •O

Sarrihana tahsil.
HSpur pargunnah.
Ohazi.tbad p a rgunnah ;
block
kunkar.
Ditto
ditto.
Garhmuktesar par
gunnah.
Sariwa pargunnah.
Hapur
do.
Garhmuktesar par
gunnah.
Meerut pargunnah.
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NORTH-WEST PROVINCES AND OUDH—continued.
QUARRY STONES— continued.
Mineral or
Stone.

Reference.

Locality.

M1rzapur .
LIME
STONE, &c.
lim.—contd.
Bichu nadi
Bilwada .
Saipur

Singrauli

. '

Ubra Hill
MORADABAD

Atrasi
Dhakia .
•

Gwal Khera
Maghupura

.

Mansurpur
Mundia .
Parota
Patai
Tulwar

.

MUTTBA

.

Sadabad tahsil

.

Other
Minerals.

Remarks.

Man. 111,462 ; Rec. C. Gr.
V, 19; VI, 42;
Gazetteer XIV,
pt. 2, p. S3interJd. Snd. Q. Dolomite,
bedded with ser
pentine.
Coarsely crystalline
white limestone.
On the right bank
of the Rehr, a
little below this
village,
white
crystalline marble,
with serpentine.
A few miles from
c. .
.
this, on the road
to Mrr2apur. Pure
white marble.
White
granular
limestone.
Kunkar is obtain
Gazetteer IX, pt. G. .
able everywhere
2, p. 54to the sooth of the
Ramgunga, except
in the Moradabad
tahsil.
Hasan pur tah
sil.
Sambhal tah
sil.
Bilari tahsil.
n*
Sambhal tah- -g
sil.
£
Sambhal tah- g.
sil.
u
Bilari tahsil.
J
Hasanpur tah- 5
sil.
*
Hasanpur tah
sil.
Sambhal tah
sil.
Kunkar is abundant
Gazetteer VIII, 57 Snd.
all over the dis
trict, but there is a
great difference in
the quality of
what is got east
and west of the
Jumna ; that from
the east being
larger, harder, of
a good ashy blue
colour, and in
thicker strata.
Block kunkar.
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NORTH-WEST PROVINCES AND OUDH—continued.
QUARRY STONES—continued.
Mineral or
Stone.

Locality.

LIME
MOZAFFARNAGAR
STONE, fcc.|
Lint.—contd JSnsath tahsil
Shamli do.
Solani R.
SahAranpur—
Bajiihari .
Dhulahera

Reference.

Other
Minerals.

Gazetteer III, 487 Cly.

MSnikpur
Raghunathpur
Telipura .
Tikraul .
Zainpur .

Agra—
SANDSTONE,
Snd.
•(Includes any Baghaur .
sandy rock
used
for
building,
even calca
Bandraoli
reous sand
stones.
Flags ; also
quartzites
which are Basai-Jagner
only indura
ted sandStones. Peb
bly rocks.)
Bidhauli

Chandsaura
Dhanauli
Dhanina .
Ghaskita
Kareki

Kunkar for road
metal is scarce.
Only one quarry.
Two fair quarries.
One quarry in the
Muzaff a r n a gar
tahsil.

Gazetteer II, 175.

Kumharhera

Shahjahanpur

Remarks.

Gazetteer IX, 58 .

Man. IIT, 540; L1m.
Mem. VII, 116;
Gazetteer VII,
466.

Sars£wa par-\
gunnah.
Sarsdwa pargunnah.
Sul t a n p u r
pargtonnah.
Nakur pargunnah.
'si
Sul tan p ur O5.0"
pargunnah.
Rampur pargunnah.
Nakur par
gunnah.
Kunkar.

Valuable quarries
of red and white
sandstone ; in the
Khairagarh tahsil.
In the Kiraoli tah
sil, red sandstone,
inferior to the
stone of the
Khairagarh tahsil.
Valuable quarries
of red and white
sandstone, in the
Khairagarh tahsil.
Hill in the Khaira
garh tahsfl ; yield
1ng best mill
stones, oil-presses,
sugar-mills, &c.
Common stone.
Red and blubh
stone, too hard for
general masonry.
Red and white
sandstone; Khai
ragarh tahsil.
Ditto ditto.
Ditto ditto.
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NORTH-WEST PROVINCES AND OUDH—continued.
QUARRY STONES—continued.
Mineral or
Stone.

Locality.

Reference.

SAND
Agra—contd.
STONE,
Meoli
Snd. —conld.

Other
Minerals.

Remarks.

Hill in Kha1ragarh
tahsil ; yielding
mill-stones, &c.
Red and white
sandstone.
Red and bluish
stone, too hard for
general building
purposes.
Hill in Khairagarh
tahsil, yielding
mill-stones, &c.
Common stone.
Kiraoli tahsil ; red
sandstone, inferi
or to that of
Khairagarh.
Valuable quarries
of red and white
sandstone ;
in
Khairagarh tah
sil.

Nasana .
Ninwaia .

Noni
Pahari Kaldn
Sikri

Tantpur .

KB.—The more valuable quarries, those for instance at T&ntpur, Basa1-Jagner, and Baghaur, are worked by
members of the carpenter (Barhii) caste. Each man pays the lord of the manor a seignoralty which, accord1ng to
the locality and the colour of the stone/varies from
to R<i yearly. The price of fine sandstone at the quarry 1t
self, is for the white or grey variety R7 and for the red variety R5 or 6 per hundred maunds. The price at Agra of
the best stone from Khairagarh 1s, for the grey variety, about R5° or 52 the hundred maunds; for the red about R34
to 35. Gazetteer, N. VV. P.
Banda— .
Benipur Pali.

Bhaunri .
Gulrampur
Kalinjar
Khoh
Khohi Sitapur
Kol Garhaia
Parridpur
Rahantia
Rasin
Rauli.

Gazetteer I, 96

Cly. D. Grt. A well-known quar
I. L1m.
ry in Chhibtin pargunnah whence
large quantities of
stone are sent to
Allahabad, &c.
Quarry in Tarahwan.
In Badausa pargunnah ; a small
trade.
Badausa pargunnah ; noted for its
export.
Tarahwan pargunnah ; quarries.
Ditto ditto.
Ditto ditto; the
best of the Tarah
wan stones.
Ditto ditto.
Ditto ditto.
Badausa pargunnah; large ex
port.
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NORTH-WEST PROVINCES AND OUDH—cont1nued.
QUARRY STONES—continued.
Mineral or
Stone.

Locality.

SAND
BlJNOR
STONE,
Snd.—contd
Dehra Dun—
Chakrata

Mussuri .
Siwalik Range .

Garhwal
KuMAUN.

Reference.
...

Other
Minerals.
C.L1m.

MlRZAPUR .
Chunar .

Kaimur.
Mirzapur.

. Sandstones occur
over the hilly
northern edge of
the district.

Gazetteer X, 296 . C.
Gyp. Quartzites frequent,
which often give
Pho.
good
building
stone.
Sandstones, and
Pho.
quartzitesfrequent
at base of hills.
Sandstones
fre
quent; the range
is mainly made up
of sandstones.
and Mem. XXIV, pt. 2,
p. 30, ft seq.;
Rec. XVII, 161.
•

Lalatpur

Remarks.

Sandstones are tre
mendously
de
veloped all along
the base of the
hills in the vari
ous 'duns' from
Hardwar on the
Ganges to the
Sarda river ; and
on
south-east
wards, in the SubHimalayan zone.
Those of the
Nahun group or
series are the best.

Gazetteer I, 324 . Cop. Grt. I. Sandstone quar
Lim. Slte. ries abound in
the southern part
Trp.
of the district.
C. Grt. Jd.
L1m.
Chunar stone is
Gazetteer XIV, pt.
famous all over
2, p. 54India; and is of
unsurpassed ex
cellence in its
fineness of grain,
compactness, and
capability of be
ing quarried in
large blocks. It
can be carved
with extreme de
licacy,
while
large blocks are
obtainable
for
great irrigation
works and public
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NORTH-WEST PROVINCES AND OVDR—continued.
Ql'ARRY STONES-ro»r»W<i.
Mineral or
Stone.

Locality.

Reference.

Other
Minerals.

SAND
M1rzapur—contd.
STONE,
Chunar, &c.—contd.
Snd.—contd

Muttra—
Barsana
'.
Gobardhan .
Nandgaon .

buildings. Quar
ries are numerous
at Chunar itself,
along the scarp of
the Kaimur range,
and at Mirzapur,
where there is a
large and flourish
ing trade. The
usual ^colours are
pale buff ; but a
rose-coloured va
riety is common,
and greenish beds
are met with.

,~\
. > Gazetteer VIII, 55 L.M. .
.J

SLATE, Sit. Dehra Dun— .
(Includes flags,
though these
are cleaved
like slates.)

Sandstone fit for
building
pur
poses.

C. Gyp. Snd.
L1m. Pho.

Massuri .

Inferior clay-slates,
and shales.

Garhwal—
Lobha

Gazetteer X, 296

KUUAUN .

Rec. II, 89; III, Alm. Ars.
43 i IV, 21 ; C. Cop.
Gazetteer X, 296. Grt. Gyp.
I. Ld. L1m.
O1l. Plm.
Snd. Sul.

Bora Rao Patti
Chiteli .

Remarks.

Rec. !H,"43

A sb. C. Cop. Thin dark-blue slate
G. Gyp. I. of inferior quality.
Ld. L1m.
Plm. Sop.
Snd. Sul.
No true slate like
that of Wales ;
mainly clay-slates
of inferior quality
giving
coarse
flags. Occasion
ally
gneissose
schists, giving
flags.
Inferior clay-slate.
The best slate loca
lity, near Dwarahat.
Split
along the stratifi
cation planes, not
along cleavage
planes as is the
way with true
slate3.
Good
enough for roofing
purposes : supply
very large.

PART 3.]

KlNG : Provisional Index.

203

NORTH-WEST PROVINCES AND OUDH—continued.
QUARRY STONES—concluded.
Mineral or
Stone.
SLATE, 511.
—contd.

Locality.
Kumaun — contd.
Dhari
Naini Tal

Reference.

Other
Minerals.

Remarks.

...

Inferior clay-slate.
Ditto
ditto.

...

Ramgunga R. .

Two quarries on
the banks of this
river in the Suitpatti. Clay-slate.

Lalatpur—
Girar

Banda—
Banda

Cop. Grt. I. The Bijawar series
L1m. Snd. occurs to the
Trp.
south-west of this
village, in which
some clay-slates
or shaly flags of
inferior quality
may be found.
Mem. II, 76

...

Dyke of pure hornblendic rock.

TRAP, &c., Jhans1— .
Betwa R.
T,p.
(Includes bas
alt, whinstone, and
other com
pact mas
s1ve dark
co loured
rocks of vol
can1c ori
gin.)

Gazetteer I, 261 . Grt. L1m. Trap, or greenstone
dykes are to be
Sop.
met with in the
valley : and in the
southern part of
the district.
1

Lalatpur—
Birdha.

Cop. Grt. I An outlier of the
L1m.Slte. Deccan trap near
this place.
Snd.
A larger outlier of
the Deccan trap
south-west of this
place.

Mauraura

...

204

Records of the Geological Survey of India.

[VOL. XXIII.

GEOLOGICAL SURVEY OF INDIA DEPARTMENT.
TRI-MONTHLY NOTES.
4. End1ng 31st July 189o.
Director's Office, Calcutta, jrst July 189o.
The staff of the Survey is at present disposed in the following parties :—
Madras Party.—R. B. Foote, f.g.s., Senior Superintendent, Bellary District.
Burma Party.—Theo. W. Hughes Hughes, a.r.s.m., Superintendent.
Tom D. LaTouche, b.a., 2nd Grade Deputy Superintendent.
Fr1tz Noetl1ng, Ph.d., Palaeontologist.
Baluchistan Party.—R. D. Oldham, a.r.s.m., 1st Grade Deputy Superinten
dent.
Sub-Assistant Kishen Singh.
Sub-Assistant Hira Lai.
Hazara Party.—C. S. M1ddlkm1ss, b.a., 2nd Grade Deputy Superintendent.
Darj1lingand Sikkim.—P. N. Bose, B.Sc., 2nd Grade Deputy Superintendent.
Head Quarters, Calcutta.—C. L. Gr1esbach, c.1.e., Superintendent.
P. Lake, b.a., Asssistant Superintendent.
P. N. Datta, B.Sc., Assistant Superintendent.
The Director returned from tour on the 18th May. At Lahore, it was ascer
tained from the Director, North-Western Railway, that the working and out-put of
coal at the Dandot colliery were decidedly improving ; so that there was no necessity
to make further geological investigations in that connection.
Proceeding to Baluchistan : the sites selected for oil-boring in the neighbour
hood of Spintangi by Mr. Oldham were approved. The survey for coal in the Bolan
Valley was being carried on. Here, it was ascertained that a seam of more im
proved quality and lie occurs in the neighbourhood of the Bohr hill, giving a total
of 2'-o" of coal and 1'-1" of partings, which seems to be suff1ciently extensive and
close enough to the railway to justify systematic working. A visit was then paid, at
the suggestion of the Director, North-Western Railway, to Laki in Sind, where
there is a warm sulphur spring, but without finding any trace of oil shows, as had
been hoped might exist.
The oil development near Rawal Pindi, and the coal occurrence near Abbottabad,
were then enquired into. The disappointment in the oil exploitation so far, may be
attributable to the boring at Fateh Jung having been run down, on what is consi
dered the oil-bearing band, too near to, and on the wrong side of, its. outcrop. Unfortu
nately the period of the lease is running out fast ; and the exploring party had to
move to another part of the Punjab, where there appears more chance of striking
flowing oil within the time at their disposal.
The coal outcrops in Hazara, so far as they have been tried by private working,
and by the Department of Public Works, are very poor and badly situated within a
complicated and much fractured part of the Dore valley. Many other outcrops are
talked of in that tract of country ; and it was decided that Mr. Middlemiss should
make a thorough survey of the conditions of the coal.
At the earnest request of the Engineer-in-Chief, Frontier State Railways, Mooltan,
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the proposed sites for bridging the Indus were visited, with a view to forming an
approximate idea of the conditions of the river bed at these places.
In communication with the Consulting Engineer to Government of India for Rail
ways, at Nagpur, reporting better coal from the Eeb river bridge excavations on the
Bengal-Nagpur Railway, the return to head-quarters was diverted in that directionThe coal was found to be not much better in quality than that already known in the
field ; but it is at least 8 feet thick and of uniform quality in the excavation, which is
sufficient to] warrant systematic boring, provided the seam is found to continue as
good to the deep, in a boring the site of which was selected on the right bank of the
river.
The Salt-range party having been broken up at the end of the field season, Mr.
C. S. Middlemiss was moved to Hazara for coal exploration near Abbottabad ; Mr.
Datta returning to head-quarters at Calcutta.
Mr. T. W. H. Hughes returned to head-quarters, and availed himself of special
leave for six months.
Mr. LaTouche returned to head-quarters and availed himself of privilege leave
for three months.
List of Reports and Papers sent in to office for publication or record
during May, June, and July 1800.
Author.

Subject.

Disposal.

J. R. Royle, c.l.g., India Memorandum on Indian Steatite
Office, London.

Published in the " Records
of the Geological Survey
of India," Vol. XXIII,
part 3.
Contribution to Provisional Index Published in the " Records
R. B. Foote
of important minerals, &c., Mad
of the Geological Survey
of India," Vol. XXIII,
ras Presidency.
part 3.
Translation from the German of a
Ditto
ditto.
" Report of a journey through
India in the winter of 1888-89, by
Dr. Johannes Walther."
Geology of the Central Himalayas . Will be published as " Me
C. L. Gr1bsbach, CLE.
moirs of the Geological
Survey of India," Vol.
XXIII.
Report on the geological examina Recorded.
R. D. Oldham .
tion of the BoTan Pass.
Report on the Coal-fields of Lairun- Published in the " Records
T. H. D. LaTouche .
gao, Maosandram, and Maobelar- of the Geological Survey
kar in the Khasi Hills.
of India," Vol. XXIII,
part 3.
Will be published in the
C. S. M1ddlem1ss
Geological sketch of Naini Tal
" Records of the Geologi
cal Survey of India,"
Vol. XXIII, part 4.
P. Lake .
.
.
On the Laterite of the West Coast . Will be published as " Me
moirs of the Geological
Survey of India," VoJXXIV, part 3.
Prof. W. Waagen, Prague | Description of the Salt Range Will be published as " Pal.
Indica." Series XIII, Vol.
Fossils.
IV, part 2.
I
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Tri-monthly Notes.

Notifications by the Government of India during the months of May,
June, and July, 1890, published in the " Gazette of India," Part I.
—Appointment, Confirmation, Promotion, and Retirement.
No. of
order Name of Officer.
and date.

Department.

From

Revenue and 9^S, dated R. D. Oldham 1st grade
Agr ic u 1- 1st July
Deputy
tural.
Superin
189o.
tendent.

To

Nature
of Ap
point
ment,
&c.

With
effect
from

Offg.
Supt.

Tempo
rary.

23rd
May
1890.

Remarks.

Notifications by the Government of India during the months of May,
June, and July, 1890, published in the " Gasette of India," Part I.
—Leave.
No.
of order and
date.

Department.

Name of Officer.

Nature
of
Leave.

With
effect
from.

Date
of
Return.

Remarks.

Revenue and ~aS, dated Theo. W. H. Hughes Special 23rd May
Agricultural 25th April
leave.
189o.
Department. 189o.
Ditto

ST.S, dated T. H. D.LaTouche . Privilege
leave.
20th June
189o.

2nd July
189o.

Annual Increments to Graded Officers, sanctioned by the Government of
India during May, June, and July, 189o.

Name of Officer.

From

To

R. D. Oldham

R
7SO

R
800

P. N. Bose

660

700

.

With effect from

No. •
and date of
sanction.

1st May 1890 R. and A. Dept.,
No. ^a,
dated 1st July
1890.
1st April 1890 R. and A. Dept.,
No. ,^S.
dated 12th June
1890.

Remarks.
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Postal and Telegraphic Addresses of Officers.

Name of Officer.

Postal Address.

Nearest Telegraph Office.

R. Bruce Footb

Yercaud .... Salem.

T. W. H. Hughes

On leave.

C. L. Gr1esbach

Calcutta .... Park Street, Calcutta.

R. D. Oldham .... Quetta (Baluchistan)
P. N. Boss

.... Lhasa Villa, Darjiling

Quetta.
Darjiling.

T. H. D. LaTouchb .

On leave.

C. S. MtDDLBMIss

Abbottabad

P. Lake

Calcutta .... Park Street, Calcutta.

P. N. Datta

.

Do

Abbottabad.

Ditto.

F. Noetl1ng

.... Manda'ay

K1ssen S1ngh

.... Mandra .... Rawal Pindi.

H1ra Lall

Mamlalay.

Calcutta .... Park Street, Calcutta.
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Geological sketch o/" Naini Tal ; with some remarks on the natural condi
tions governing mountain slopes, by C. S. MIddlemIsS, B.A., Geological
Survey 0/ India. (With a map and plate.)
PrelImInary Remarks.
The geology of Naini Tal, in its purer scientific aspects, is neither very attractive
nor very instructive. The absence of all fossiliferous defcrous<r,wks.0f t0Ml1" Posits in *e vicinity older than late tertiary makes it im
possible to assign to the rocks their absolute geological age,
as well as takes away all scope for the foss1l-hunter, and all that vivid interest which
centres round the petrified remains of an earlier life on the earth : we cannot speak
familiarly of a " Carboniferous limestone," nor of " Silurian slates," neither can we
wander forth with hammer and chisel to any well-known locality whence a harvest of
palaeontological specimens may be gathered.
Besides this, there are no mines of economical wealth to be disclosed. There is
„
,
. wealth.
...
neither gold
in
streams, nor copper
No mineral
7
. the ...
, . . nor, lead in the limestone : there 1s a dearth of useful m1nerals, w1th a tr1fl1ng
exception, as there is a dearth of fossils.
At first sight, then, it is difficult to imagine what the geologist can find to say of a
district so barren and unfruitful ; and I must caution the reader at the outset that
here will be found no idyllic geological romance. If he wishes to know what is
concealed beneath the bright verdure of young mountain grass, dotted with the
sombre oak, rhododendron, and cypress, he must sit down to a mental exercise such
as chess or a mathematical problem.
Nearly every visitor to Naini Tal knows that, roughly speaking, there is a differ
ence between the rock forming each side of the lake ; that
the^paper'deBned*5
tnere 's l'mestone on the rugged Ayarpata side and slate
(locally called shale) on the gently sloping Government
B
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House side. A little more inquiry would teach him that this broad distinction is
not everywhere carried out. A certain amount of slate will be found associated with
the limestone on the south-west side, whilst a few outlying patches of limestone will
be found covering the slate on the nor1h-east side. Without going into details here
as to certain other variations which occur, I may briefly state that there is a definite
geological pattern, more or less concealed at the surface, set out before us as our
study, the salient points of which are represented in the geological map of the settle
ment. It is this pattern—this inlaid-work of different rocks—that we must understand,
and if the reader has the patience to accompany me in a few rambles over these hills
with other objects than picnicking, I hope at the conclusion to make him as familiar
with the mechanism of the earth's crust here, as a watch-maker is' familiar with that
of a time-piece. He will be able to see faulted boundaries and natural boundaries
as clearly portrayed on the surface of the earth as if the hill-sides themselves were
painted different colours, and thus he will find that the chaotic rock pattern of the
hills is not accidental, but has a real meaning in the growth and development of the
mountain area.
In this country, where the lamp of pure science burns feebly, or not at all, there
are perhaps but few who on coming to Naini Tal are able to look upon the land
scape with a geological eye, but few who see in the surrounding hills and valleys
any harmony of composition and structure other than that of a pictorial kind. For
the rest, Deopata is one peak and Ayarpata another, whilst the different glens, valleys,
and tarns are each themselves and nothing more. All latent bonds of structure and
origin, all the hidden processes of constant change that are ever altering the face of
the scene, are, I am afraid, as unnoticed to-day as if Sir Charles Lyell had never lived
or written his " Principles of Geology." I hope in the following sketch to draw some
little attention to this fairly interesting theme : perchance here and there may be
found some few disciples of this last-born of the sciences for whom the matter may
not be unpalatable.
Coming to the practical question as to what geology has to say regarding the
safety and permanence of the station and its communications, I hope to be better
understood ; though on such a subject one is necessarily tongue-tied to a considerable
extent. Ever since the disastrous landslips of 1880, the Naini Tal public has been
somewhat agitated as to the probability of further landslips, whilst considerable con
fusion has been introduced into the subject by small slips having occurred now on
this side, and now on that side of the lake, and apparently of slate and limestone
irrespectively. Now it would not do for me to blacken a house-holder's prospects
by proscribing as dangerous any particular site in Naini Tal. However much I
might be able to do sp, 1 should bring, a shower of abuse upon myself were I to
colour a map of the station shewing all the dangerous localities. And yet there
would be very little difficulty in so doing. It is merely a problem involving a few
factors such as composition of the rock, its whole or shattered condition, the angle
of the hill slope, the angle of dip or cleavage, and the relations these four factors
hold to one another.
Nevertheless, I shall later on point out broadly the difference between a safe
slope and a dangerous slope ; and give a few general principles whereby each resi
dent may be able to see for himself whether his site is safe or not.
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Geology.
Section from Kathgodam to Naini Tal.
In addressing myself to the geology of Naini Tal—the foundations of the subject
j
so to speak— I think it will be well to describe actual excurBhabar depos1ts.
;
. .
s1ons along definite directions in and around Na1n1 Tal. We
will begin therefore, as all must who come to this summer resort, with the line of
country between Kathgodam, the terminus of the Rohilkund and Kumaon Railway,
and Naini Tal. Even before reaching Kathgodam there is much to be learnt regard
ing the features of the country. We may know by the peculiar labouring of the
railway carriages that we are not crossing what looks like a vast plain, but are really
ascending an incline of about 50 feet a mile, which is abruptly terminated as we can
see from the carriage windows by the long blue and purple line of the Himalaya
rising sheer and steeply out of it. This incline, over which the line runs, is kn6wn as
the Bhdbar. It is a very gently sloping deposit of gravels, with occasional sand and
clay beds, the outpouring during recent times of the various rivers and streams which
drain southwards from the Himalayan range. Year by year as the annual monsoon
bursts upon the steep slopes of the hills, more and more detrital material is carried down
by the uniting of rills, torrents, streams and rivers, and is deposited at the foot of the
bills when the speed of the streams and rivers is slackened by the gentle slope of
the country. Perhaps nowhere in the world can we get a better insight into the pro
cesses by which geological strata are accumulated than along the mountain-foot of the
Himalaya. This elevated belt of Bhabar gravels which girdles the whole length of
the southern foot of the Himalaya is the great spoil-bank, the result of the disinte
gration of the mountains by water action. As we get a nearer view of these mountains,
we see great rifts in their sides, that is to say, the gorges and ravines, whence the
excavations have been made by the water to supply the gravels of this Bhabar zoneHaving once realised this aspect of change and instability in the geological features
before us, and seen how the Bhabar zone is enriched with material at the expense of
the Himalaya, we shall be in a position to understand what a powerful agent of
change denudation is in this elevated mountainous tract subject to about 100 inches
of rainfall every year. ••
But in most cases this denudation, except when viewed in this large way, is al
most invisible to us. Nearly all the glens whose mouths open towards the plains
are covered densely with a forest of Sdl and other trees. Only very seldom do bare
hill-sides scored by rainfall and torrents meet our view. One such case is, however,
very noticeable, a little east of Kathgodam as we begin the journey up to Naini Tal.
A very rapid weathering of the edges of the strata is there taking place so that
vegetation can keep no holJ On the slope, and undergrowth and forest alike have
had to fall. At the base of this wound in the face of the hill, we may see a yearly
accumulating detrital fan, which, in a semi-liquid condition, moves during the rains
like a glacier over the natter country to the south, and is a source of much damage
to the canals in the vicinity. Other places near Naini Tal where the individual
processes of denudation can be studied, especially during the monsoon, will be
mentioned in their place in this paper. I here wish merely to draw attention to the
act that immense denudation of these Sub-Himalaya takes place, as evinced by the
B 2
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Bhabar deposits and their ever-changing conditions, without, save in rare cases,
leaving palpable traces behind them on the parent hills, whose rounded forms,
covered with luxuriant forest, undoubtedly at first sight suggest that rest, strength,
and fixity proverbially, but erroneously ascribed to all mountains.
It is certainly the case that very much more erosion takes place in these SubHimalaya, than in the outer Himalaya, and still more than takes place in the regions
of perpetual snow ; but the impression on any one visiting these parts is the very
reverse. Bare precipices and jagged rock are the rule of course, when the limit of
vegetation is passed at about 12,000 feet above the sea, while day and night from
different causes the hill-sides resound with the crash of falling blocks as they
crumble from tottering pinnacles or charge down the terminal moraine of a melting
glacier. This antagonism of impression and fact is not introduced here as a
paradox, but rather as an illustration of the magnitude and importance of those
generally noiseless and invisible forces—denudation by water action—as compered
with the more striking phenomena effected by frost and snow.
With these general remarks on the Bhdbar deposits, let us turn our attention to
ks
the section before us. A noticeable orographical feature of
a - 1maay n
. ^e Sub-Himalayan rocks on which we first tread is the
absence of that subsidiary and distinct range of hills, which commonly first breaks
the monotony of the plains, namely, the Siwaliks, and which is characteristically
displayed south of the Dehra Dun. As we journey from Kathgodam to Naini Tal,
we cross no such range of hills running parallel to a still higher range ; nor are
there any other well-marked surface features distinguishing the younger tertiary
rocks from the older slates and limestone of Naini Tal proper. All is welded into
one nearly homogeneous range with secondary spurs running out to the plains.
This is an unfortunate accident so far as our section is concerned, from an illustrative
point of view, and it will therefore be necessary to diverge in imagination from the line
of our section in order to understand the typical aspect of the Sub-Himalayan
zone.
Away west, along the edge of the hills, in the neighbourhood of Ramnagar and
Kdlagarh, we first begin to see a longitudinal subsidiary range to which the name
Siwalik may be given geologically, though no such name is known to the natives.
As soon as this range begins to set in, we see that it is the accompaniment of two
younger rock stages of the Sub-Himalayan system, namely, the Upper Siwalik
conglomerate and the middle Siwalik sand-rock stages. As I have written fully on
this subject in a memoir just published,1 I shall only make a passing reference to it
here, in order to bring out the connection between the present Bhabar deposits and
the older Sub-Himalayan deposits of our section.
The meaning of the word Siwalik—the track of Siva, the destroyer—shews that
even by the natives of this country in a former age the aspect of disturbance and
contortion visible in the rocks of that range had been vividly apprehended. And this
is the first aspect it is necessary to notice here, for in this respect, and in this only, does
its geological structure differ from that of the Bhabar zone. At a comparatively late
geological time, but before man's appearance on the earth, the Siwalik conglomerate
lay flat and undisturbed at the foot of a Himalayan land almost precisely the same
1 Memoirs G. S of !., Vol. XXIV.pt. a.
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in its general features as that which now exists. The Siwalik conglomerate was then
in fact the Bhdbar deposits of its day ; since which time it has been elevated and
marked off from a newer Bhdbar that at once began to form, and has acquired those
corrugations of its strata in lines parallel to the higher hills, which by superstition
were credited to the action of Siva, and by science are recognised as due to the
lateral crumpling of the earth's crust.
But the section before us, between Kathgodam and Naini Tal, is devoid of these
two rock stages of the Sub-Himalaya. The whole of the
labyrinthine tract of Sal-covered hills, between the Bhdbar
zone and the neighbourhood of Douglas Dale, is composed of the lowest member of
the Siwalik series, namely, the Nahan sandstone. It takes its name from the town
of Nahan, where our pioneer of systematic geological work in the Himalaya, Mr.
Medlicott, first described it ; and when once seen, in its full thickness of several
thousand feet, its massiveness, its freedom from local variations, and its general
character as a rather soft but eminently workable micaceous sandstone, of ochre or
greenish-brown tints, there is no possibility of mistaking it, not only from one end of
the Himalaya to the other, which is no mean distance, but even further, as it circles
round about our north-west frontier on the one hand, or Burma on the other.
Notwithstanding its great thickness, and the majestic fold bent back upon itself
into which it is thrown, as illustrated in section I, I have shewn elsewhere in my
memoir that its apparent oneness with the greater Himalaya is misleading. Though
now as much a part of the Naini Tal range (geographically) as it is possible to
conceive, it is really but a comparatively modern addition to the Himalaya as a whole.
To be clear in our conception of it we must regard it as once having lain flat and
monotonous, as the country around Bareilly, at the foot of a Himalayan range not
very different in its main features from what we now see ; and as having then been
hardened by age and superincumbent strata, and synchronously upheaved and
welded to form but one piece with the range of older hills.
Thus just as the Siwalik conglomerate found west of our section is but an ancient
Bhdbar country that has been upheaved folded and incorporated with the parent
Himalaya to the north, so the Nahan sandstone and shales are but a still more
ancient Tarai country that has suffered in a like manner save that its incorporation is
more complete and assured.
Our first excursion therefore, whether by tonga road or by bridle path, takes us
inevitably across this Nahan zone, the history of which I have briefly summed up.
For more complete information I refer the reader to my memoir.
At Joli Kot, a little south of Douglas dale, where the cart-road, after a divergence
up the Nalena R., emerges to a full view of the white
faJth6 main-boundary houses of Naini Tal, the Nahan zone is left behind. In a
moment we cross the great master-fault of the south edge of
the Himalaya, called the main-boundary fault, which divides these Nahans from the
older rocks ; but the actual line ot this hiatus in the geological structure of the
country is not marked by any prominent surface feature. This line is one that can
only be found with great care and patience, and we must not expect the mosscovered rocks in the cuttings to tell their tale uninvited ; for indeed a very practised
eye and hand are requisite to determine where the Nahan rocks end, and the older
Himalayan rocks begin.
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For a considerable distance, the rock north of the main-boundary is a very much
decomposed trap, is decomposed on the surface of the road
as to greatly resemble the Nahan sandstone.1 Nothing but a
specimen dug from the very heart of the cuttings and subjected to microscopical
examination will fully reveal that we have crossed the rubicon and that we are now on
Himalayan as distinguished from Sub-Himalayan formations. •
• ,<• \ .
For a little over a mile this trap continues, and we then enter on the purple, grey, and
sometimes carbonaceous slates, which, with the superincumL1mestone and slates. bent dark blue-grey ,.l1mestone, occupy so much, of, the
. nearer
ranges in this and other parts of the Himalaya, and here too the mystery of these azoic
formations must begin to strike us. Not a trace of a fossil has ever been found in them.
Were we in Wales, or some of the western counties of England, we could well imagine
these slates, grits, and calcareous bands to contain trilolites, graptolites, or mollusca, such as are so familiar there in the great Silurian and Cambrian systems. And
as for the massive limestone, we should certainly be tempted to regard it as the
mountain-limestone of the northern counties and be prepared to find it crowded with
marine fossils. In this aspect, then, the contrast between these Himalayan rocks
and those in England of a similar composition is very noticeable. There is no
room for doubt that both sets of strata were accumulated slowly in a fairly deep sea,
at some period in the world's history : indeed geology would be no science at all
were it possible to call this conclusion in question. That being so, there are three
courses of belief open to us : we may believe that they represent deposits formed
before the dawn of life on the earth, or that they were formed under some condi
tions fatal or distasteful to living beings, or that they once contained these remains
and that subsequent slow chemical and mechanical changes in the rock have ob
literated all traces of them. Each of these theories is however beset with difficulties,
and Himalayan geology has waited- long, and must still wait before one or other
theory can be adopted with any semblance of truth.
. ,
Waiving this somewhat transcendental question, let us see what can be learnt as
to the structural history of these formations in the building of the iHimalaya. On
our line of section up from Joli Kot to the lake there is a general dip of the slates at
angles between 25°and 300 (though often varying) in a northerly direction. About $
mile south of the outlet of the lake the massive limestone, with some few hard purple
grit bands, normally succeeds the slates. It is nevertheless certain that this though
true is not the whole truth. At more than one point along the two or three miles
occupied by the slates, there must be repetition by reduplication. This is shown by
the fact of the recurrence of outliers of the massive limestone at a much lower eleva
tion ; and further south than that at the lower end of the lake. The village of Naikana, due west about a mile from Douglas dale, is built on one of these outliers,
whilst there is another small one south-east of Manora. Still more west at Balnekhan the same limestone is exposed, and again at Jagueda, south of Khurpa Tal,
there is a continuous exposure of the limestone of full thickness and dipping steeply
south-south-west. The horizontal section (Section I) will illustrate better than
words the folding and faulting that has supervened and brought about the present
state of things.
1 In the acccrrpa9yIng plate, Section I does not cross the trap.
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We must not forget to notice the true cleavage possessed by these slates. This
. , , .
is liable to be overlooked, and indeed has been overlooked
Cleavage 1n the slates.
.
,
by many observers 1n the H1malaya, from the fact that 1t ge
nerally coincides with the bedding. The reversed folding and faulting has tended to
turn all the individual beds of the slate series so as to dip towards the north, which
is the dip of the cleavage in this locality. A little patience will easily reveal the fact
that this is not by any means universal ; whilst in some of the steeper parts of the
Balia ravine, due east of the old Gurkha barracks, fragments of slate may be picked
up where the cleavage planes alone are well-developed, the bedding being feebly in
dicated by different tints of grey. A remarkable condition of the slate all over Naini
Tal, and indeed in most parts of the Lower Himalaya, is its utter worthlessness for
roofing purposes : there is no durability in it, as may be seen by the way it breaks
up and crumbles anywhere near the surface of the ground. This seems to be due
in the first place to the fact that it is never very pure ; we nearly always see the
colour of the rock changing rapidly through various shades of grey, or purple and
green, and its texture altering from a smooth, satiny-surfaced slate to an impure
irregularly-cleaved rock indicating sandy admixture. Every here and there bands
of strong grit or quartzite are interbedded, which have still further tended to prevent
the rock from assuming the perfectly parallel folia so desirable for economical pur
poses. But above all, the decidedly cataclastic nature of the rock is what tells most
against it. The cleaving forces that first made the rock into a slate have, in this
greatly crushed region of the Himalaya, overdone their work ; and the rock besides
becoming cleaved has also been sheared, that is to say, the particles of the rock
have not only re-arranged themselves parallel to one another to form a slate, but
this not having given sufficient relief to the crushing forces, there followed a bodily
movement along closely packed planes of shear, and these planes of movement cross
ing the cleavage have rendered the rock liable to break up into splinters.
So far as I have seen, slates are never used by the hill people for roofing pur
poses, and they assuredly would be, could they be found to take the place of the
thatch or wooden roofs in this very rainy region. In those parts of the Himalaya
where the older micaceous schists prevail, we constantly meet with the chalets of
the villagers roofed with inch-thick slabs of glistening schist, which circumstance
shews that slate would be used for the same purpose could it be found.
As we ascend the last steep climb towards the lake, we find the massive lime
stone gradually asserting itself, first in isolated blocks coverstone'souTh ""the lake3." ed with fem mA m0ss' which haVe sliPPed down from above,
and then in larger, craggy platforms cut up by deep, damp
fissures. None of the limestone so far is actually in situ, and all of it possesses a
tilt downwards in the direction of the hill-slope. On getting near the lower bazar,
the massive limestone sets in with more intensity, and associated with it are some
thick, dark, purple sandstone bands outcropping from Fairy Hall to Springdale.
Much of the latter rock may be noticed built into the retaining walls and pavements
as we pass through the bazar. But the limestone is all round us, of a dark indigo
colour outside, and a paler blue-grey when freshly broken. It is impossible to over
look it, for directly or indirectly much of the beauty of Naini Tal, and many 'of its
most impressive features, owe themselves to it. In the first place it constitutes the
floor of the dam that keeps back the water of the lake; secondly, all the more rugged
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peaks and precipices west of the lower bazar may be seen to be constituted of it ;
whilst lastly, its rough and honey-combed exterior, and the soil and moisture that it
forms or attracts, have enticed a luxuriant growth of plants, shrubs and trees to take
up their abode on it.
We have now arrived in the cool and shady valley of Naini Tal, amid a keener
and lighter air, amid a more temperate flora of fir, oak, and rhododendron, as con
trasted with the heavy hot sub-tropical climate of the s£l-covered Sub-Himalayan
tract; we have gained these time-worn slopes composed of rocks that have a wide
distribution all over the outer Himalaya, and we shall now proceed to take a few
smaller excursions along such lines in and around the station as will best illustrate
our purpose.
Section from the Lower Bazar to Giwalikhet and Ayarpata.
This line of country is well known to picnickers on their way to the " landslips "
„
as, they' are called. After. passing . through ,the lower
bazar,
V1ew across the valley.
.....
where geolog1cal observat1ons are hampered cons1derably by
the usual accompaniments to an Indian native town, and by the noxious smells of the
sulphur spring which issues from the rock at the lower end of the lake, we get a
good view opposite of the southern spur of Sher-ka-danda as we ascend by the.Tarat
district office. We see the uniform slopes about Stoneleigh composed of the slate
series, with a large number of loose blocks of the massive limestone still clinging to
the surface, as remnants ot a skin or covering of the limestone that has not yet all
been denuded away. Many of these blocks at first suggest the idea that they have
at some period come bounding down the hill-side from the larger masses of the
same limestone higher up near the crest of the ridge, three of which are very
distinctly seen between the highest point of Sher-ka-danda and the Bleak house slip.
This appearance is however in a measure deceptive, like a great many others which
geology presents to us. These blocks have probably never travelled at any great
pace down the hill-slope, but have gradually, inch by inch, worked their way down
as the underlying rock became eaten away by weathering.
Above the Tarai district office the massive limestone is interbedded with much
Swallow holes
purple grit with subsidiary slate. At the bend in the road
marked 6,627 feet bar. the purer beds of massive limestone
are met with again, but they shew no good evidence of dip. The country from
this point on to Giwalikhet is very irregular and uneven, full of small hollows,
and with hillocks of limestone thrown about as it were in a fantastic manner.
These hollows suggest ancient " swallow holes " on a small scale, and recall many
of the aspects of the mountain limestone country in England. In the rains the
depressions become filled with water which cannot easily escape on account of
a superficial soil of tenacious clay, very slippery to the feet, which clothes this part
of the hill. At Giwalikhet itself there is a larger wooded hollow also filled in
the rains by a small lake. I am inclined to think that it also is of the nature of a
" swallow hole," which has had its underground channel filled up by mud and clay
to the larger extent.
At the south-west end of this tarn there is a slight rise as we approach the very
. .landsl1ps.
j ,.
awe-inspiring
The
. . r. ° ,.rprecipices
.. r_. which
, . have
. received
,
,the. name
.
of the " landsl1ps. D1rectly beneath our feet we look down
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a cl iff or scarp descending 1,000 feet, sheer, at an angle of 6o° or 65°. Above
us in the direction of the 7.468 feet hill we see another 1,000 feet of sheer rock at a
somewhat lower angle. We have thorefore before us in profile what seems a
perpendicular cliff, 2,000 feet high, composed of bare beds of limestone with some
interbedded slates and grits dipping about 30° north.
This view down the landslips is very fine in any weather, but more especially in
the rains when innumerable rills of water are actively at work tearing down fresh
debris from the high naked scarp, and hurling it out of sight far below us through
clouds of mist, to eventually repose a heterogeneous assortment of fragments on the
low ground at the head of the Nehal N. There it accumulates, and will continue to
do so until Ayarpata with its riven sides is no more, or until some change in the
drainage causes it to be swept away by torrents more|quickly than is the case at present.
This scree material at the base of the scarps is well worth a visit on its own
Scree material
account, if time and space permitted ; for there may be seen,
in those great gathered heaps, 100 feet or more in thickness,
the half-way stage in the forming of a new deposit from the wreck of an older one.
It has not been sufficiently sorted and rolled as to its constituents to be left in
a horizontal accumulation of gravel and sand, but it lies in any plane on which it
happens to fall, clothing the hill-sides in an amorphous mass of angular fragments,
and burying completely out of sight all the rock formations which are in ti/u
beneath. Of course it is a transitional, and therefore a very unstable formation, and
will doubtless never be preserved in the future geological record of this part of the
earth. Its ultimate destiny is to be much more sorted and rolled as it is carried
further and further down the Nehal line of drainage to the plains. Every step
it takes in this direction will tend to select out the coarser and the finer material
to make the pebbles more worn and rounded, or to split and wear them down
to powder, until finally they lie in very nearly horizontal layers of alternating sands,
conglomerates, and clays as a new addition to the Bhdbar deposits.
A small amount of calcareous tufa is forming in and among this scree material,
and often lines the water channels, giving a home to a miniCalcareous tufa and ature {orest of maiden-hair fern in which one may walk
uypsum.
*
ankle deep. Besides calcareous tufa, gypsum in small
quantities is also being laid down, sometimes in the lower parts of the precipices
themselves, but more often among the scree material. Below the site of the old
Nehalpur bridge there are more extensive beds of it which I have described
elsewhere.1
Mounting from the wooded hollow of Giwalikhet by a long-since disused and
scarcely distinguishable path, we zig-zag our way up to the
picnic ground near the top of Ayarpata. On the way we
cross a bed of trap apparently insinuated among the bedding, and above it a set
of rocks containing a fairly large amount of slate of grey and purple colour, also
dark grey grits or quartzites, besides the ordinary massive limestone. At the picnic
ground we can see these rocks striking (with a dip of 6o°) almost due east towards
6,969 feet bar. But a much better section of these same rocks is to be obtained by
returning from the picnic ground along the ridge running south-west to the 7,468
Records G. S. of I., Vol. XXII, p. 137.
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feet peak, half a mile south of Ayarpata. The band of trap in particular may be
well-studied along its outcrop just north of this peak. It
may be seen to be a truly intrusive dyke although apparently
so parallel to the bedding ; for, near a steep little pinnacle of rock, there is a vein of
the dark trap distinctly intruded in the limestone, and brecciating it. In a westerly
direction this thin band of trap may be traced with a little difficulty as far as the
Khurpa Tal road. It is well exposed on the new mall between the KhurpaTal road
and Ayarpata, where it stands out as a harder mass among the softer slates and lime
stone. Wherever it is clearly seen it may be noticed to be slightly coarser grained
within than at the sides.
Returning to the picnic ground, and ascending to the north summit of Ayarpata
.(7,721 feet), we find the ridge forming this summit to be
e/northw1! HmbinVert" comPosed of the limestone beds dipping south instead
of north, that is to say, we have crossed a synclinal (see
Section II). Bearing in mind the fact that the dip hitherto has been steadily to the
north, through a [vertical height of about 2,000 feet in the limestone series, it is
evident that the thickness of this series must slightly exceed that amount at least.
Furthermore, from evidence gleaned here and there on the hill-sides, it may
be made out, as shewn in the section, that the northern limb of the synclinal
is rapidly inverted, though we cannot trace this inversion everywhere on the steep
ringal-covered slopes north of Ayarpata. The inversion is the precursor of the foldfault which marks the boundary between the limestone and the slates, the latter
appearing when the slope of the hill-side slackens in the neighbourhood of Aubrey
Villa and Emily Cottage. These slates, although appearing to overlie the limestone,
can be recognized as really the same as those we have already examined coming
definitely beneath the limestone in the section between Kathgodam and Naini Tal.
They agree with them in every respect petrologically, and their apparently abnormal
position is really perfectly natural when we consider the manner in which the strata
have been folded and faulted as exhibited in the section.
We will call this fault the Ayarpata fold-fault for the sake of future reference.
Calculating its " throw " from the relative thickness of the
fault'"1*1'3 reversed beds on each side of the synclinal we find that it averages
at least 3,000 feet.
So far in our ascents and descents ; since leaving Giwalikhet we have been tra
dips of various
Country about Staer- versing6 over a block of strata possessing
v
....
wood, Rock-house, and amounts but w1th a pract1cally un1form str1ke. As may be
the hill-sides south and seen on the map, the arrows indicating the dip are all turned
west of Clarke s Bay.
towards or from one general direction and the amounts of
dip are large, that is to say, from 400 to 6o° with transitional dips near the Ayarpata
fault of all angles between those amounts, and inverted dips of from 60° to 400.
On the bazar side of Giwalikhet, including the country about Sherwood, Rockhouse, and the hill-sides south and west of Clarke's Bay, the strata on the contrary
are practically horizontal, or with a rolling dip that does not accumulate much (see
Section I). The line ofmarked
division by
is necessarily
a prominenta fault,
line ofand
gapsitsand
direction
hollows,
is extending
very well
faukiWaHkhet

Cr0s*"

from the hollow of Giwalikhet uP the stream t0 the north-east
between the Rock-house ridge and the eastern slopes of Ayar
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pata, thence to the gap near 6,969 bar., where there is a prominent change in the
direction of the ridge lines, and thence across the lake to the Khairna road gorge.
The effect of the fault is greatest to the south-west, and scarcely marked at all on
the north-east side of the lake. For some distance the band of trap seen on the
way up to Ayarpata follows the fault, then vanishes a little west of Rock-house, and
does not again appear until a little west of St. Loo on the opposite side of the
lake among slates. This fault we may call the Giwalikhet fault.

Ayarpata to Deopata and China.
Beginning our traverse where we left off in our last excursion, we descend by the
landslip road, as it is called on the map, and notice the
Handi-Bandi killl
difference in soil and vegetation as we cross over the Ayarpata
fold-fault, and enter on the slate series. On getting down
to about the 7,000 feet level We turn through the gap in the ridge south of Butcher's
hill, and find ourselves once more on the limestone formation. Moreover, we can
see that from Butcher's hill along the north-west side of Sleepy Hollow, towards the
quarries, there is a regular outcrop of limestone cutting by a cross-fault, over the
strike of the slates to the east. Between Butcher's hill and Deopata comes HandiBandi hill, almost inaccessible on most of its sides, on account of the great masses of
riven rock and tangled undergrowth which encumber the slopes. Nevertheless we
can see that both Butcher's and Handi-Bandi hills are but miniature Deopatas,
their general structure being almost exactly the same, especially on their southern
slopes.
We proceed on towards Deopata, and find that the fold into which the rocks are
thrown corresponds exactly to the similar fold remarked on
the top of Ayarpata. The precipitous southern face is a dip
slope of 55°, the dip steepening slightly towards the summit and then becoming
vertical, and inverted at the great fold-fault which goes north of Ardwell and south
of the Church. This great fold-fault is parallel to, and in its nature identical with,
the Ayarpata fault, and both were doubtless produced together by one and the same
earth movement. We will call this fault the Deopata fold-fault and the cross-fault
the Sleepy Hollow cross-fault.
Some of the limestone forming the summit of Deopata is oolitic, the large grains
_
perOol1tIc
l1mestone. at
-■ first
. suggesting
c .... fossils. , The limestone
,, .
. is,. however,
,
r
fectly unfoss1nferous, so far as all 1nvest1gat1ons have gone.
Looking down from the cairn along the line of fault we see, by reason of the verti
cal depth of the valley, how trenchant and important this fold-fault is, cutting as it
does, clearly and sharply through hill and hollow alike.
North of the Deopata fault, along the ridge towards China, we cross over very
china
slightly inclined beds which express in their comparatively
flat arrangement the great relief to the strata which accrued
from the fault. There is a thin capping of massive limestone on the top of the ridge
as far as the gap, where the road goes to Kilberry, and beneath it a regular and un
broken sequence of the slate series. Continuing straight up the ridge to China, there
is much the same thing, slates beneath dipping io° west-south-west or thereabouts,
and a thin capping of massive limestone catching one point of the ridge only.
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There is, however, another band of limestone of slightly different aspect coming
among the slates, and some way beneath the main portion of the massive limestone.
This thin band is exposed from the south China peak to the north China peak, in
one line of outcrop. It is remarkable as at first appearing to be made up of very
finely pulverised shells. Having subjected a portion of this to the microscope, I am
able to state that this appearance is unfounded, there being not the slightest trace of
any structure such as a shell in what is really a finely crystalline rock The same band
of rock is also exposed at intervals along the south west side of China, and indicates
that a complete layer of it truncates the topmost part of the mountain, though
the precipitous nature of the south-east side prevents identification of it in that
position.
There are many points of analogy between China and the " landslips " inasmuch
as each consists of a steep scarp of bedded rocks dipping
Chlnv* °* sCarP 01 at 'ow an8^es "^d rapidly resolving into scree-material. The
weather-worn face of China pared down and cut into by
water-channels with only here and there a portion left sufficiently overgrown to give
lodgment to a few cypresses, is throughout the rainy season in a constant state of
disintegration. The outer crust of the precipice after becoming rotten by the soak*
ing it has sustained crumbles away at irregular intervals, and becomes deposited as
a talus at the bottom of the steeper part. Not seldom these small falls of rubbish
from the high scarps may be heard many times repeated during the day. Last year
(1889) a larger accumulation than usual took place along a line of cataclastic slate
at the northern end of the lake fault, and in falling caused no small consternation to
some of the residents in the vicinity. A scarp of this kind, however, can never
become very dangerous. The constant shedding of small pieces of the outer crust
affords the necessary relief which prevents the surface from working up for a great
land-slip properly so called.
The head of the Naini Tal valley from its amphitheatre-like aspect, doubtless
" Cirque " at the. merits the name of " cirque," since it is walled in on three
head of the Naini Tal sides by the Handi-Bandi hills, Deopata and China. From
what I have described above with regard to the denudation
here going on by streamlets it may be inferred that they have been sufficient to
cause the cirque without calling in the aid of glaciers, or of underground springs.1

China to the Bleak House Spur.
Leaving China behind us, and continuing down towards the ridge on which
Government House stands, we find the slate series constantChange of d1p.
^
^ ^ we approacn Flight Hall, there is to be
noticed a gradual change in the direction and amount of the dip of the slates. In
stead of being nearly west at low angles it becomes more south.west at 30° and 40°,
reaching 6o° locally. This change produces a necessary change in the sculpturing
of the hill-sides. The scarps die out and dip-slopes begin to take their place (see
Section II), some of which, south of Fairlight Hall, are very steep and with a convex
outline.
> See Ball, Rec. G. S. of I., Vol. XI, p. 17&
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At Alma Lodge, in the gap south of Alma Hill, there appears a bed of trap of the
same constitution as that found on Ayarpata. It is 20 yards
rap'
thick, and dips with the slates 35* south-south-west. Near
the junction with the slates it is somewhat slickensided. Most probably it is intruded
along the bedding as in the case of the trap of Ayarpata. Since microscope sections
reveal the identity of the two rocks, the fact of apparent bedding in the two distinct
sets of strata is of itself sufficient to prove that the rock is not truly interbedded, but
intrusive along the dip planes.
As can be seen from the map, the trap dyke, as we may now call it, extends for
a considerable distance in a north-westerly direction, keepxtens on o t e trap.
throughout its range in the map to a uniform aspect
and thickness. A short distance south-east of Alma Lodge the Sleepy-Hollow crossfault shifts the outcrop of the trap to the south-east face of the hill-side, where it
may be traced only with difficulty for about \ mile on account of the soil and vege
tation which clothe the slope to a large extent. It then either vanishes according to
the nature of its intrusion, or it is cut off by the Deopata fold-fault. Whether there
is a subterranean connection between this final appearance of it on this side of the
lake and its appearance on the other side it is impossible to say.
Microscopically the trap1 is made up of plagioclase felspar, and augite, with
alteration products hornblende and quartz, the latter filling
iTOofSftop!1 "trUC" the spaces between the other minerals. There are besides
magnetite and a little apatite. The rock is holo-crystalline,
and the felspars in regular crystalline forms, which are, however, changed into a
grey, dusty-looking mineral, .through which the twinning and polarisation colours
can only be seen indistinctly. The augite is of very pale pellucid brownishyellow colour, separated into irregular groups by the invading crystals of felspar.
It therefore is without crystallographic outline. It is much cut up by widely
open cleavage cracks parallel to the faces of the rhombic prism. Sometimes
there are fairly distinct pinnacoidal cleavages visible. The augite is altered here
and there into a bright green hornblendic or chloritic mineral faintly dichroic. The
secondary quartz has been formed by alteration of the felspar, appearing sometimes
interwoven with the felspar prisms at one side or end, though it also fills in spaces
between the crystals. The rock very much resembles the Limeri rock* No. jfa,
and also one from the Bhim Tal stream J mile north of the Gola R." No.
If the latter resemblance indicates contemporaneity, then the intrusive position
of the trap in the limestone of Naini Tal indicates that the basic traps so extensively
developed in the neighbourhood of Bhuwali and Bhim Tal are also of later age than
the Naini Tal limestone—a point that was left uncertain in my last paper.*
The rest of the way along the hill-slope towards the Bleak House spur is over
slates exposed with a slightly rolling dip averaging 30°
1p s ope m e s a e». £Qyfa fl,e hill-Bide. Thus the whole of this part of Naini
Tal containing a great number of houses is built upon a dip slope which is so pecu1 The rock sections here described were sliced by the Rev. T. D. Gray, M.A., Chaplain of
Naini Tal, and kindly lent me for description.
1 Records G. S. of I., Vol. XXI, p. 18.
»
Ditto
Vol. XXIII, p. 36.
*
Ditto
ditto
p. 30.
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liar in respect of the clean sweep that the hill-side makes down to the lake,, as to
have suggested to Mr. H. F. Blanford that it was due to the friction of a glacier.
Later on, in this paper I shall shew reason for discarding the hypothesis that glaciers
ever had anything to do with shaping the topography of this neighbourhood. A
simpler explanation of this feature is to be found in the circumstance that isolated
patches of the massive limestone are still left clinging to the surface of this dip slope,
One at Sher-ka-danda, two more on the ridge between there and the Bleak House
spur, and a great number of small ones (too numerous to be represented except diagramatically on the map), in the vicinity of the Bleak House spur. For a strongbedded formation like that of the massive limestone which, judging from these iso
lated fragments, once extended probably in a rugged rocky mass over the surface of
these slates, necessarily crumbled away under the action of alternate heat and cold
and weathering, and eventually left an almost clean swept surface behind.
I have previously in this paper referred to the cleavage in these slates, and the
smashed condition in which they are frequently found. Qn
Convex slope o e ns. q^ part ^ ^e ^ijj ^ere is a great cake of superficial
rubbish slightly cohering because of the calcareous tufa which is deposited among
it, but which still, in the rains, sometimes partially breaks up and scatters frag
ments of limestone and slate down the hill slope. The surface of the slope here
has become convex owing to this accumulation of debris, half arrested by the
cementing influence of the carbonate of lime. It does not require the gift of pro
phecy to recognise this as the site of the next land-slip that Naini Tal will have to
chronicle. For obvious reasons I do not mention the place more definitely.
The Bleak House spur for many years has been the bug-bear of Naini Tal com munications. It will be seen by the map to be in close
Bleak House spur.
proximity to the lake fault, and therefore within the sphere
of the grinding and crushing which the softer rocks along the line of that fault have
sustained. The rock, in fact, forming the Bleak House spur, has " gone into pi " ;
and partly owing to that circumstance, partly to the dip of the slate being down the
Slope, and partly to the slope being a junction slope for the massive limestone and the
slate, it has been always in a state of collapse kept constant by the undermining
action of the Balia stream carrying away the fallen talus. Hence the roadway round
it can never be stable in the rainy months.
Many statements have been hazarded at different times regarding the material
_
,„..,,
forming the dam at the outlet of the lake : and as a conseThe outfall of the lake.
. , ,
,
'
,,
,
quence a halo of mystery has unwarrantably gathered round
the subject. Some authorities have stated that this dam consists of boulders and
clay, the stranded moraine of a departed glacier ; others, that it is the rubbish of an
old landslip, which descended from the slopes to the east; whilst others have
thrown out still wilder theories on the subject. But it is not of much moment to
examine these different errors, the result chiefly of guess-work. The fact of the
matter is, that beneath what is but a mere veneer of tumbled blocks in the bed of the
stream, the material is what we should naturally expect, namely the rock in situ,
normally continued from that which forms the foundations of the lower bazar. As
coloured on the map, this rock is the hard massive limestone. It c1osses the head
of the Balia ravine, and is then separated by the lake fault from the slate series of
Bleak House spur.
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General Remarks.
Let us now try to group together some of the scattered facts brought to light by
our different excursions in and around Naini Tal. And
anceofSthe"frataStUrb- fir8t, as regards the faults, they may be divided up as
follows : —
1. The Deopata and Ayarpata reversed fold-fault"!, with an east and west strike.
2. The Sleepy Hollow and Giwalikhet cross-faults, with a north-east or nor1hnorth-east strike.
3. The Lake fault.
Doubtless in and around the limestone hills there are a great many more minor
faults that could never be properly recognised, but those enumerated above are the
only ones which have had any structural part to play in the architecture of this part
of the earth's crust. Secondly, as regards the contortion and folding of the strata
(which are intimately connected with the faulting), we see that the whole of the area
north of the Deopata fault, north-east of the lake fault, and south-east of the
Giwalikhet fault is chiefly remarkable for the absence of any very striking folds.
The lateral pressure exerted on the rocks here seems to have spent itself partly in
the production of small irregular contortions in them and partly in cleaving them.
In the vicinity of China, the general dip is very gentle indeed, seldom exceeding
1o°; whilst all the part north-east of the lake and south-east of the Giwalikhet
fault has also one gentle inclination not exceeding 30°; and usually in a south-west
of west-south-west direction. A slight exception occurs near the south edge of the
limestone crags at Mariora and Hill View, where there is a dip to the north at low
angles. This area of gentle inclination of the dip planes is very markedly in con
trast to the two remaining areas of Ayarpata and Deopata, which have their strata
dipping often at angles of as much as 6o° with a steep and reversed synclinal near
the Deopata and Ayarpita reversed faults respectively.
This seems to mean that instead of the whole of the Naini Tal area yielding
alike (0 the influence of the lateral crushing to which the Himalaya have been sub
jected, and bending in regular folds of anticlinal and synclinal, there has been vio
lent movement only in the Ayarpata and Deopata area, whilst the rest of Naini Tal
has remained practically quiescent. It is plain that the great synclinal fold which
must have been initiated somewhere about the centre of these two areas was, in the
first place, prevented from carrying the strata on the east side of the Giwalikhet
fault with it by reason of that fault. In other words the Giwalikhet fault represents
the line of division between the violently moving strata to the west and the more
quiescent strata to the east. In the second place it is equally evident that the syn
clinal fold was again broken along the Sleepy-hollow fault, one portion of the wave
going further north and resting in the position of Deopata, and the other part remainiOng behind in the position of Ayarpata. The final condition then came about by
the northern limb of the great synclinal (now divided into two by the Sleepy-hollow
fault) becoming vertical, then inverted slightly, and then tearing a little north of the
axis of the synclinal producing the Deopata reversed fault on one side and the
Ayarpata fault on the other.
The connection of the lake fault with these movements is not however at all
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manifest. It presents certain difficulties which cannot be entered into fully here, but
I may mention that on the whole the balance of evidence seems to shew that it is
the tail-end of a lateral displacement, due to a later earth-movement than any of
the previous ones which we have considered. In my map of the Sub-Himalaya1 it
will be seen there is a great lateral fault running down the Balia ravine, and cutting
the Gola River at Ranibagh. It is almost certain that the Lake fault and this
lateral displacement are the effect of one movement, and most probably that
movement was connected with the upheaval of the Nahan zone of rocks at a later
epoch than that at which the other earth-movements which we have considered took
place.
Viewing the folds and dislocations of the Naini Tal area in a still more general
light, it is apparent that they represent an effort on the part of the strata to take up
less horizontal room not Only in a north and south direction, but also to a less degree
in an east and west direction : that, in fact, there is a point situated about the position
of the upper bazar towards which, as towards a centre, the waves of earth-movement
have set in from north-east, south-east, and south directions. These efforts were not
equal in all directions, the north and south effort was the most important as evi
denced by the two east and west gigantic reversed faults. The south-west to north
east effort was less important, but is seen in the gentle dip south-west of the slate
series on the north-east side of the lake, and on the two cross faults of Sleepy Hollow
and Giwalikhet, whilst the south-east to north-west effort is seen in the general
north-west dip at the edge of the limestone cliff south of Stone-Cross.
Doubtless many a visitor to Naini Tal wonders how the lake itself came here, for
lakes in the Himalaya are not numerous ; the little cluster
Origin of the lake.
o{ ±e Kumaun Lakcs, including, besides Naini Tal, Bhim
Tal, Sath Tal, Naukuchia, and Malwa Tal, being a striking and peculiar feature of
this part of the mountains. Ordinary ingenuity in such cases generally exhausts
itself in an appeal either to fire or frost as a cause of the phenomenon. The deep
little hollows in the hills are either attributed to the extinct craters of a volcano, or to the
work of a glacier. The first of these however will most certainly not apply to Naini
Tal, for none of the rocks in the vicinity are volcanic, nor are there any traces what
ever that ashes, scoriae, or lava were ever thrown up or exuded from its placid rim.
The glacier theory boasts more staunch adherents, and has been advocated
by Mr. H. F. Blanford. It is a plausible enough theory on the face of it, but I have
never been able to find a single fact to support it, neither moraines, nor roches
moutonaks, and no trace of boulder clays or transported blocks.
Professor V. Ball in his paper " On the origin of the Kumaun lakes 8 " was similar
ly unable to find any proof of the glacier theory. It must be noticed, however, that
his disbelief is largely centered on what he thought was a fact, namely, that the
oultet of the lake was not solid, but made up of debris, such as a landslip might
have heaped together. In other words, he thought there was no rock-basin such as
could be attributed to a glacier. Mr. H. F. Blanford, on the contrary, saw the rem
nants of a moraine in the debris which he supposed filled up the outlet of the lake
and held to the glacier explanation on that account
I have shewn earlier on in this paper that there is undoubtedly solid limestone
• Memoirs, G. S. of I., Vol. XXIV, pt. 2.
» Ree. G. S. of I., Vol. XI, p. 174-
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in situ at the outlet, that in fact there is a rock basin in a sense here, but still I am
unable on that account alone to lend support to the glacier hypothesis.
I may perhaps mention here a few scratched stones set in a tough clay which I
found at one point on the cart-road. At first sight they had a great resemblance to
those in a true boulder-clay. Close examination shewed them to be mere imitations
due to the movement of soil-cap over them ; for the stones were only scratched on
their upper surfaces, parallel to the exposed slope of clay, and the scratches and
striae were all directed down hill. On pointing them out to Mr. R. D. Oldham,
he, though struck with the remarkable way they mimicked ice scratches, was per
fectly convinced of their superficial origin due to the movement of soil-cap.
Fascinating, therefore, as are the volcanic and glacier hypotheses, I am afraid they
must be relegated to that large limbo of plausible guesses which have not come true.
But now, having thrown aside fable, is there any more ordinary means by which
the lake could have come into being.1 And we must here realize that any gentlyflowing stream in a valley would be converted into a lake by a raising of the lower,
or a sinking of the more central, portion of a given area. Now the lower portion
may be elevated in a variety of ways—by land-slips, by slow " creeping " of the soilcap, or by earth-movements originating in a deeper cause. Also it must not be lest
sight of that these three causes may merge into euch other by gradations. A land
slip may be so slow as to become a " creep, " and a " creep" so large and important
as to merit the name of an earth-movement. The fault represented on the map east of
the Balia ravine indicates a relative movement of the rocks, bringing about a broken
up, cataclastic condition of them along the fault, although, so far as the limestone is
concerned, the resulting slightly displaced masses of it are big enough and sufficiently
held together in irregular stratified layers, as to still form a rock barrier that will stand
long after the protective works constructed at that point have crumbled to dust.
Again, the more central portion of a flat valley may be deepened in a variety of
ways— by eddies, by springs from beneath, by the breaking up of swallow-holes, or
by earth-movements of an opposite tendency to those just referred to.
Let us now look at a few analogous lakes and tarns ; there are Khurpa Tal and
the two little lakes on the east side of the Balia ravine below the brewery, plainly
stopped up by debris from above. They were once little valleys whose mouths
have been stopped up by the great rush of fragments brought down to them by
cross-drainage. It does not appear, however, that Naini Tal owed its formation to
any such cause as that.
On the other hand, in and around Naini Tal, on the limestone, there are numer
ous little hollows which become lakes in wet weather. They are genuine basins in
the solid rock, Which have become lined with a nearly impervious clay. There can
be little doubt, I think, that these at any rate, as I have before mentioned, owe their
existence, first to swallow-holes, or subterranean cavities, which the rainfall of cen
turies has gradually made for itself by trickling down the joints or other fissures of the
limestone. These might go on enlarging themselves perhaps for a considerable time,
but sooner or later a smash would occur at the bottom of the hollow, and the pas
sage would become partly choked up. Let us imagine it again and again being
1 I pass over all details regarding the shape, depth, &c., of the lake as they have alread)
been given by Prof. V. Ball in the paper alluded to.
C
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enlarged, and again and again broken down, whilst all the time the drainage area
was also gradually but surely enlarging itself, and we see that more and more clay
would mingle with the limestone debris at the bottom of the hollow ; until some day
after a re-settlement there would be a complete stoppage of the water channel, or it
would remain smaller than was able to carry off all the water entering it. We should
then have a lake formed, which rising up to the lowest edge of the hollow would
overflow, resulting in a condition similar to that of Naini Tal.
I see nothing preposterous in imagining some such origin as this for Naini Tal.
There is well-known to be a subterranean outlet above the Bull and Basin indicating
that some water at least escapes from the lake at the present day by means of a
f1ssure or swallow-hole. This escape may once have been the only outlet, which
later had its channel broken in, or choked up, sufficient to allow the water to rise to
its present level.
In the same way I might take the theory of differential earth-movements, and
shew that they may not unreasonably have had a good deal to do with the formation
of the lake. The lines of faults, which are numerous near the lake, are all lines of
movement, on one side of which the strata have gone up and on the other side down.
A little more movement at one point either up or down would bring about the re
quired effect ; not to mention the probability that these lines of fracture, once start
ed, would be made use of by water, and enlarged so as to become the starting
points of swallow-holes.
Looking at the lines of faults more closely, we see that there is a point mid-way
between Sukh* Tal and the Upper Bazar, and another point a quarter of a mile north
west of Smuggler's Rock, from each of which three directions of Assuring cross one
another at pretty nearly equal angles, making two stars of fracture. The centre of
each star may well indicate a focus of movement, or point at which the main direction
of tearing of the strata became altered and dispersed in this radiate manner. Such
focuses would almost certainly be taken advantage of by subterranean waters, pro
ducing under-ground erosion and subsequent falling in, sufficient to account for the
hollow now occupied by the lake.1
To pursue the matter further would be unwise. The origin of lake basins in
nearly every part of the world in which they occur has long been recognised as a
crux. To my mind the difficulty is not to account for the presence of lakes in
among the hills, but to account for their absence over such large areas where
some favourable opportunity one would think ought to have presented itself.
CondItions governIng mountaIn slofes.
In considering the natural dangers to which a hill-station may be subject in con
sequence of the action of geological agencies, we may displateaure"ountryetWand m'ss evervthin£ applicable to plateau country, where the
true mountains.
strata are generally inclined but a few degrees from the
horizontal, and concern ourselves solely with such pheno
mena as may occur in an area of true mountains, where the inclination of the strata
is generally severe, and where foldings, inversions, faulting, and crushing along
1 In a foot-note (p. 181), Prof. V. Ball suggests that the basin of Naini Tal may possibly
be connected with some local faulting, the existence of which is implied by the sulphur spring
at the outfall.
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lines of movement are common accompaniments. In such country there are no
long stretches of level ground with intervening deep ravines and winding scarps
but there are a number of culminating points, from which main-ridges, side-ridges'
and side-spurs, with intervening streams, streamlets, and water-courses grow from
one another like the branches of a tree.
It necessarily comes about that in a hill-station the great majority of the houses
must be built on hill-slopes, whilst but a few can be acA h1ll-stat1on must commodated on the ridges, and still fewer on the comparativelargely occupy slopes.
0
r
ly rare, flat " cirques or bottoms at the valley heads. We have
therefore to consider the safety or otherwise of slopes from a geological stand-point.
Every one who has had much practical experience of mountain climbing knows
by an unerring instinct when the critical angle of about 40°
Slopes of 40 and over.
y^en reache(j [n ascending a hill slope. It is that angle
at which he must begin to climb cautiously and guard against a slip of the foot.
It is also the angle at which large fragments of fallen rock lie in so unstable a posi
tion, that a touch will destroy their equilibrium and set them in rapid motion down
wards. The terminal moraine of an actively shedding glacier is generally fixed at
about this angle in its upper part, the huddled and jagged blocks being in a most
precarious position. Scree material or talus, at the foot of a precipitous scarp that
is in a state of rapid disintegration by frost, generally begins at this angle, and then
lowers gradually. A slope, with an angle of 400 therefore, or anything above it, must
be considered a dangerous one under any circumstances, and should never be built
on unless it be but a few yards in height and forming part of a much gentler slope.
As a matter of fact few such slopes are ever built on, as, when not too steep, they
are seldom clear of freshly-fallen blocks, uncovered by soil or vegetable growth ; but
for the sake of safety, the angle of 350 may very well be taken as the limiting angle
subject to other conditions noted below.
In the other direction every slope below 250 may be conSlopes of 25° and siderej ^ n0 matter what the structure or condition of
under.
'
the rocks, with perhaps a few rare exceptions.
We have therefore by this simple elimination arrived at the debatable angles
Slopes at the debat- ranging between 350 and 25° These are sometimes quite
able angles between 35" safe and sometimes dangerous; and they are those most
and 25 '
frequently found in hill-stations in the Himalaya.1
The safety or not of these slopes depend on the following :—(1) composition of
the rock ; (2) its condition whether whole or shattered ; (3)
of ?lo°'ef^ condltlons direction and inclination of the divisional planes which pene' ^
trate through the rock. Let us take these three in order.
The composition of the rock is perhaps of least importance, and at all events
can least be avoided, since the hill-station must make the best
Rock composition.
q[ ^ material „n which ;t buiU- By faf the best an(j
most lasting hill-sides in the Himalaya are those composed of the gneissose-granite
and micaceous schists, so familiar at Ranikhet, Almora, and Kalandanda (Kalogarhi).
1 Nothing is more deceptive to any one unaccustomed to deal with angles than the apparent
inclination of slopes. Slopes of 60° are very often described as " quite vertical," and those of
703 or 8o° as " overhanging". An instrument must always be used for determination.
C 2
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From many points of view hill-stations on these rocks possess several advantages ;
for the rock, though stable and tough, is soft when first worked ; roads and sites for
houses can be cut quite readily in it ; whilst the more fissile varieties afford abund
ance of excellent stone for such rough and ready buildings as are required. The
soft sandstones of Nahan age, and all similar sandstones, such as the Murree sand
stones, and the sandstones and shales of Kasauli and Dagshai come next in order
of merit, but as they seldom rise about 5,000 feet they are not often likely to come
within the sphere of a hill station.1 Next in stability is the massive limestone forma
tion, and all similar thick-bedded limestones and traps, which often afford very safe
though rugged slopes. The rock as building material is, however, difficult to work,
very absorbent of water, and sombre and unlovely to look upon. Last in order come
all slates, shales and fissile varieties of quartzite and trap. These very seldom form
good and trustworthy slopes, the material itself being very generally rotten, liable to
rapid disintegration by the action of the atmosphere, and prone to become cut-back
and to form those convex forms of slopes which are the most dangerous. In my
wanderings in the Himalaya I have frequently seen old and new landslips of far
greater size and destructiveness than that which occurred at Naini Tal in 1880, but
I have always noticed that the slipped rock has been some form of slate or cleaved
variety of trap.
In previous papers on the geology of the Himalaya, I have at several times
drawn attention to the violent nature of those lateral thrusts
Condition of the rock, anrj intense foldings of the strata, the concomitants of the upits whole or shattered ,
. , .
.
- .
state
heaval of the mounta1n area. It 1s ow1ng to these thrusts
and foldings that lines of movement, or thrust-planes, have
been started in rocks of all kinds, but more especially in slates and fissile rocks,
along which a brecciating, shattering, or grinding up of the rock constituents has
taken place. The rock in the vicinity of such lines is often reduced to a powder, or
to an aggregation of fine fragments dispersed in a pasty matrix. When water gains
access to these planes of weakness the rock returns to its original form of soft clay
marl, sand, or gravel ; it loses coherence with itself, and with the surrounding rock,
and some form of slipping is inevitable. A very instructive set of local examples of
this kind is to be seen in the neighbourhood of the Lake fault. Along this line in
tense grinding and crushing of the rock sides has taken place ; as . witness the con
dition of the rock at Bleak House spur, the subsidence of the cart-road below the
Cemetery ; the falls of limestone which have taken place near the Smuggler's Rock,
in part also the slip near the Temples and that of China which took place in 1889.
All these points are points of weakness, more or less along the line of fracture of
the lake fault, as can be seen by a glance at the map.
Crushing and shattering of a rock are however not always due to a fault. They
frequently make their appearance in a thin-bedded or less rigid stratum in proximity
to a very hard, thick-bedded stratum. The state at the position of the old Naini Tal
landslip (1 880) is of that character, partly due to the neighbourhood of the once super
incumbent limestone, fragments of which may still be seen in one or two places on
the hill side not far away, and partly to the layer of hard trap beneath.
1 As an exception to this, the associated purple shales or clays when obliquely exposed
with a dip down hill are liable to cause some trouble from the soft miry condition into which
they get after heavy rain.
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The third is the most important of the three factors which go to make the slopes
Direction and inclina- of between 25° and 350 safe or unsafe. The divisional
tion of the divisional planes cutting through a rock may be either directed down
planes 1n the rock.
tne si0pe1 or m towards the hill, or in a direction between the
two. As a general rule, however, on a slope of any importance, the dip is either
down the slope or in towards the hill.
Figs. I, II, and III are examples of dip down the slope, and fig. IV is an example
of dip in towards the hill. The two first are those to be avoided, as likely to prove
unstable and prone to slip. Of the two, the combination of dip and slope as seen
in fig. I where the angle of dip is slightly lower than that of the slope is the more
dangerous. This is easily seen to be due to the fact that in it the beds or layers of
cleaved rock are cut away below, leaving a free edge which allows an upper bed to
slide down over a lower ; whereas in the case depicted in fig. II, a similar set of beds
is shewn cut away above, leaving each bed with a firm basis of rock below it on
which to rest. The third example (fig. III) shews a combination of a steep angle of
dip coinciding in direction with the slope. Here the hill-side may be considered
structurally much safer than that of fig. II. Finally, in fig. IV, the dip is shewn
in the opposite direction or in towards the hill. This is the safest arrangement for
all slopes fixed at the debatable angles of between 350 and 250.
In the diagram fig. V, a b represents the slope of the hill, and the radiating lines
represent the different angles of dip. The thin lines shew the amounts of dip which
in combination with the slope of the hill are dangerous, whilst the thick lines shew
the safe amounts.
From this we see that dips between 150 and 4 50 in the direction of the slope
constitute an unsafe hill-side. This may be expressed differently by saying that
when the dip varies within 1 50 on one side or other of the angle of slope (taken at
300), it must be considered dangerous ; and it is more dangerous when the angles of
dip within the prescribed limits of 150 are less than those of the angle of slope, and
less dangerous when they are greater.
,
When the inclination of a slope varies in amount, we have one or more convex
or concave surfaces presented. The concave slopes, as a
Vary1ng forms of wnoie are better than the convex ones. In the former the
slopes.
'
lower part of the slope and in the latter the upper part are
relatively the safer.
It is somewhat beside the scope of this paper to consider all the dynamical and
physical conditions which are brought about in consequence
Causes of slip^S of given geological rtructure. Still it may be briefly pointed out that water plays a very active part in the actual
starting of a landslip, and that the accumulation of surface debris, which often
loads a hill-side with an unstable, heterogeneous mass of rubbish, is attended
with much danger. Both these mediate causes are but the secondary results of an
ultimate geological structure. For instance, a safe slope, as already defined, where
the dip of the strata is in towards the hill, is obviously one on which water can have
little to say, in consequence of the latter being drained away towards the centre of
the base of the hill ; whereas an unsafe slope, as already defined, in which the dip is
down hill, is on the other hand one on which water will either emerge and form lines
of springs, lubricating the under-surfaces of the strata (when the angle of dip is less
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than that of the hill slope), or else will establish a hydrostatical pressure on the layers
of rock and tend to wedge them off (when the angle of dip is slightly greater than
that of the slope). In the same way, surface accumulation of debris, though taking
place more or less on all slopes, seldom accumulates largely on a slope with the
dip towards the hill, save when the angle of slope is very low, and therefore safe on
that account. But it accumulates with dire effect on a dip slope, becoming a terrible
menace to the safety of the hill-side, when eventually, through gradual " creeping "
down the slope, or through cutting back of the hill-foot, it gives a bulged appearance
to the slope such as Mr. R. D. Oldham1 has described as the forerunner of the dis
aster of 1880.
It merely remains to mention cases in which falling blocks from a high precipice
„Fall1ng
„. .blocks.
, ,
or scarp may become
dangerous
on account
of the„,moment.
, . ,
,
um they acqu1re on the1r downward journey. These are
not generally of much account, and can easily be guarded against by flat terraces
built above the houses, or trenches dug to receive them. Still a safe slope considered
on the previous lines of argument may sometimes become dangerous on the above
account, and it is well to keep in mind, therefore, that the distance to which falling
blocks will travel is proportional (among other conditions.) to the height from which
they come and the angle of slope. Practically, it may be laid down that a block
detached at a point on a precipice will be at rest before reaching a point on the slope
below, such that a line joining the two makes no greater angle with the horizontal
than 350.
Application of the
^e following categorical summary has special reference
above principles to to Naini Tal, and may be found of some practical
Naini Tal.
uge ._
(1) The limestone formation, as a whole, (other things being equal) is safer
than the slate formation.
(2) The chief danger to apprehend on the limestone is the falling of loose
blocks, or pinnacles of rock, during the rainy months. By blasting or
knocking away any such loose blocks on slopes or precipices exceeding
400 they may always be rendered innocuous.
(3) Even when the hill-slope approximates to 35° if the dip is in towards the
hill, a limestone slope is less dangerous than one of 250—300 in the slate
formation when the dip is down hill.
(4) On the north-east side of the lake where the dip and cleavage of the slates
is often coincident with the slopes, both being at about 30° more danger
is to be apprehended from slipping than anywhere else in the station.
Still, even on general slopes of this kind, there may be found plenty of
local slopes of no greater angle than 250, and these may generally be
pronounced safe so long as the following warnings are attended to :—
(a) Never to build at the top of a concave, or bottom of a convex slope.
(6) To avoid lines of springs when the slope exceeds 25°
(c) To avoid places where a brecciation, or great smashing of the strata
has taken place along a fault or elsewhere.
(d) To avoid as a consequence of (c) places where accumulations of
surface material are tending to give a bulge to the hill-side.
1 See Rec. G. S. of I., Vol. XIII, p. 277.
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Note on some Fossil Indian Bird Bones, by R. Lydekker, B.A.
During a recent examination of the small series of Siwalik Bird bones preserved
in the British Museum, I have been enabled to determine two specimens which have
been hitherto unnamed. These are respectively the distal extremity of the right
femur, and the proximal extremity of the corresponding bone of the opposite side,
of a species of Pelican, which from their size I refer to Pelecanus caulleyi.1 In
woodcut 1 these two fragments are drawn alongside of the complete left femur of
the existing Pelecanus mitratus, the proximal fossil fragment being reversed. It will

Fig. 1. Posterior aspect of the right femar of Pelecanus mitratus, and portions of the corresponding bone of P. cautleyi. i. a, head ; b, tibial condyle ; c, fibular do.
be seen from the figures that the fossil fragments correspond so exactly with the
recent bone, as to render it impossible to draw any good specific distinctions between
the two. The distinctive characters of this species must, therefore, continue to rest
upon the well-marked features afforded by the type fragment of the ulna.
The specimen on which the smaller Siwalik Pelican described by Mr. Davies3 as
P. sivalensis was founded, having never been figured, I have remedied this omission
by giving a full-sized figure in woodcut 2. in juxtaposition with the corresponding

Fig. 2. Palmar aspect of the distal extremity of the right ulna of Pelecanus sivalensis, and
corresponding portion of the homologous bone of P. mitratus. \. a, palmar trochlear de
pression.
1 See Pal. Ind. Ser. 10, vol. iii, p. 137.
a See Pal. Ind. he. cit.
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portion of the ulna of the recent P. mitratus. As stated in the original description, this
specimen differs from the distal extremity of the ulna of P. cautleyi by its inferior
dimensions, the shallowness and shortness of the palmar trochlear depression (a), as
well as in some minor points. The close general resemblance to the larger ulna of
P. mitratus is sufficiently apparent from the figures.
Among the Bird bones obtained from the Karnul caves, I described and figured 1
some imperfect specimens of the tibio-tarsus and tarso-metatarsus under the
name of Ibis tnelanocephala. From a re-examination of some of these specimens
presented to the British Museum, I find that this determination is incorrect, and that

Fig. 3. Anterior aspect of the distal extremities of the"right tibio-tarsus and the left tarsometatarsus of Pseudotantalus leucocephalus. \. a, bridge over groove for extensor tendons ;
b, tubercle on same.
they really belong to Pseudotantalus leucocephalus. In figure 3, the distal extremities
of the tibio-tarsus and tarso-metatarsus of a recent skeleton of this species are given
for comparison with the figure of the fossil bones. The resemblance between the recent
ar.d fossil tarso-metatarsus is very close, but the latter being immature is rather smaller
than the former. The figured tibio-tarsus indicates a considerably larger bird than
the fossil tibio tarsus ; the smaller fossil specimens of this bone described in the text
agree, however, very closely with the figured recent bone, and the larger size of the
figured fossil does not appear sufficient to indicate its specific distinctness.
1 Pal. Ind. Ser. 3, vol. iv, pp. 53, 54.
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The Darjiling Coal between the Lisu and the Ramthi Rivers, explored
during season 1889-90, by P. N. BoSE, B.Sc, F.G.S., Deputy Superin
tendent, Geological Survey of India. ( With a map.)
I.—Preliminary.
II.—Physical Geography.
III.—Geology.
IV.—Economic Geology.

{1.
fa.
§3.
{4.

Principal Coal Seams
Quality of the Coal.
Quantity.
Carriage ; mineral resources ; labour ;
mining.

I.—Preliminary.
In March, 1849, Dr. (now Sir Joseph) Hooker noticed near Pankabari some
coal seams " six to twelve inches thick, very confused and distorted," and carbo
naceous shales with plant fossils " characteristic of the Burdwan coal-fields." No
notice was taken of these coal-bearing rocks until 1873, when the completion of
the Northern Bengal State Railway gave to them a new importance. Mr. F. R.
Mallet of the Geological Survey was in that year deputed to examine the coal and
other mineral resources of the Darjiling Hill Territory. Mr. Mallet's survey
brought to light a narrow band of coal-bearing rocks in the Sub-Himalayan range
stretching from Pankabari to Dalingkot. In the "Memoirs of the Geological
Survey," Volume XI, Part I, Mr. Mallet fully discusses the workability of the coal
seams he came across. The decision arrived at by him, which is very forcibly
expressed in a later paper in the " Records of the Geological Survey,"1 is decidedly
against the workability of the coal, so very decidedly, indeed, that, coming from one
of the most careful observers the Survey has ever had, it was considered final.
Mr. Mallet rightly pointed out that owing to its flakiness the coal could not be
utilised in its natural state,8 and that this friable condition was due not to weather
ing, but to " crushing during the period of elevation of the Damuda rocks," so that
no improvement can be expected at a distance from the surface. The Darjiling
coal must, therefore, be artificially compacted before it can be used as fuel. This
can be done in one of two ways, coking or conversion into briquettes.1 Mr. Mallet's
experiments with regard to the coking properties of the Darjiling coal were not at
all hopeful. With regard to the conversion of the coal into patent fuel, his
1 Op. cit. X, p. 143.
1 Some of the Lisu valley coal was tried in its natural state by Mr. North of the Bagrakot
Tea Estate, who says in a letter to me :—
" .... It burnt very well with wood, but alone it did not. This of course I put down
to its being wet, and think better results would have been got if my furnace had not been so
large ; besides which the fire-bars were too far apart, and the coal went through."
With closely set fire-bars the coal may be used in its natural condition, but, I think, only to
a limited extent, and at a short distance from the coal-field, where there will be little risk of
repeated rough handling.
3 The result of my experiments with regard to coke-making will appear in the sequel. With
regard to briquettes, Messrs. Burn & Co. very generously lent me a small Boomer press
originally intended for pressing tea-bricks. The coal-dust with which was mixed a little bhutta
gruel (in the proportion of 1 maund to a ton of coal) was pressed into hard bricks. But they
stuck firmly to the sides of the moulds ; and as these were not hinged, the bricks could not be
taken out without being broken. With proper moulds, the bricks, I have no doubt, could be
got out undamaged.
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experiments showed that it would probably be remunerative. They were, however,
on a small scale, and "it yet remains to be proved," remarks Mr. Mallet, "whether
this plan would answer on a commercial scale."
So the Darjiling coal was given up as hopeless. On the data before him,
Mr. Mallet could have come to no other conclusion than what he arrived at. But
Mr. Mallet's survey was very general. He had time only to go up some of the
principal streams and notice the outcrops of coal that presented themselves as it
were to him. It is possible that some important ones lay hidden in the intervening
areas between the principal streams. Indeed, when it is remembered how thick
the jungle is where they occur, and how obscure the sections are as a rule, such a
thing appears highly probable. It was this probability, and the immense economic
importance of the Darjiling coal, that led to my deputation to re-examine it last cold
season. I made a general examination of the area between the Jft and the T1'sta,
and a fairly detailed one of that between the Lisu and the Ramthi, where the coal
seams gave the best promise of success.
I must say, when I started work, I had but little hope of finding workable coal.
The find, however, of thick seams of cakable coal in the Churanthi valley early in
December appeared very promising, and it was considered desirable to ascertain
their extent and thickness by excavations. The Government of Bengal was applied
to for a grant of R2,ooo for the purpose, which they sanctioned in March.
The coal-ground1 being almost entirely in the Reserved Forest, is covered by
very thick, nearly impenetrable, trackless jungle. The exuberant undergrowth of
creepers, and the low, matted, dark scrub jungle, especially of cane, presented the
most serious obstruction to vision and locomotion. The emanations from decom
posed vegetation were at times almost intolerable. I had literally to cut down
nearly every foot of my way ; and clambering up the innumerable streamlets and
watercourses was equally slow and tedious work. To add to these natural diffi
culties, the Revenue Survey Map of the area, though on a sufficiently large scale
(2 inches to the mile), is neither accurate nor detailed enough for close work.
Many streams afe not marked ; those that are, it is difficult to say if they are all
correctly laid down ; several do not certainly appear to be so. Scarcely any land
mark was available. One bridle-road passes through the explored area, along the
watershed between the Lisu and the Churanthi. But it is not on the map ; very
likely it was not in existence when the survey was made. There are a few scattered
hamlets north and west of the coal area ; but they are not on the map, as they must
have sprung up since its construction. So a new map had to be made, which is
presented with this report. It is, I believe, fairly correct, and is on a sufficiently
large scale to admit of details.
The great difficulty experienced in the supply of labour, the almost absolute
want of trained assistance, and the early setting in of the rains (about the middle of
April), were amongst the other hindrances to the exploration. My progress would
have been still slower, but for the cordial help which I received from Mr. A. W. Paul,
Deputy Commissioner of Darjiling. My grateful acknowledgments are due to him
and to the neighbouring planters, especially to Mr. J. L. Lister of the Nimbang
Cinchona Plantation, for smoothing away many of my difficulties.
1 I have made a number of bridle-paths which are practicable for ponies, though not
without difficulty at places.
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II.—Phys1cal Geography.
The coal area explored in detail is two and three-quarters of a mile in length
and about three-eighths of a mile in breadth. It is situated in
^Rivers and their tribu- ^ Sub-Himalayan range, about three to four miles from its
foot. The Ramthi forms the eastern, and the Lisu the
western boundary. The former joins the Jit, a short distance beyond its debou
chure into the plains, together forming the Ghish river, a tributary of the Tfstd. The
Lisu, better known as the Lfsh in the Duars, falls into the Tistd above Phulbari.
Between the Lisu and the Ramthi, there is a third river called the Churanthi. It
carries a good volume of water in the hills, but is barely traceable in the plains. All
these rivers run in a general north-south direction across the strike of the rocks
which usually varies between W.N.W.-E.S.E. and E.N.E-W.S.W.
The rivers are parted from one another by narrow spurs running roughly parallel
to them. Thus we have a spur, separating the Lisu from the Churanthi which may
be called the Chankiang spur, after the nearest village, and the Nunmdti spur forms
the watershed between the Churanthi and the Ramthi.
The streams tributary to the three rivers mentioned above run in a general eastwest direction, being parallel to the strike, or cutting it obliquely. Of such streams,
the most important is the Ramtek Jhora. It is also called Chunkhola,1 as lime
used to be made here some years ago. The other streams having mostly no local
names have, for convenience of reference, been denominated A, B, C, &c.
The coal-bearing rocks (the Damudas), consisting mostly of rather soft fine-grain_ .
. .
ed sandstones and slaty shales, form a sort of depression
Configurat1on of the ,
,. ,
'
,
ground.
between h1gh escarpments of hard quartz1t1c beds belong1ng
to an older system (the Dalings) on the north side and
those of massive conglomeratic, Tertiary strata on the south side. Indeed, the
configuration of the Damudas may almost be followed with the eye. In the
Damudas, again, spurs have been left where sandy beds prevail over the shaly, and
as the coal is usually associated with the latter, one could tell by standing at a conve
nient position, not only how the Damudas run, but also where large seams of coal
may be expected to occur, and where unproductive rocks preponderate most.
The depression between the Dalings and the Tertiaries in which the Damudas
occur is roughly parallel to the strike of the rocks which, as has been mentioned
before, usually varies between E.N.E.-W.S.W. and W.N.W.-E.S.E. The depression
varies greatly in depth, the Chunkhola being the deepest in the explored area. The
height of the Chunkhola near the ruined lime-kiln was found to be about 700 feet
above the sea-level, and that of the spurs on either side of it about 2,500 feet. The
coal outcrops occur at heights varying from about 700 to about 1,200 feet.
A consequence of the comparative softness of the Damudas is the widening of
the rivers as they enter these rocks. The Romtal in the Ramthi is the best instance
of such expansion. When Mr. Mallet saw the " lake " (16 years ago), it was very
deep at its lower end. It has since entirely silted up ; and a white mass of sand
and shingle occupies the place of a once fine sheet of water.
'Strictly speaking, khola signifies valley, so that chunkhola would mean the entire valley of
the Ramtek riverI
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As might be expected from the nature of the rocks, the rivers run through deep
gorges in the massive Tertiary conglomeratic sandstones. Vertical precipices of
these rocks, sometimes no less than 1,500 feet in height, tower majestically on either
side of the rivers in awe-inspiring silence.
The Damudas, as a consequence of their comparative softness, are cut through
„ . , .
„
by anastomosing streams, streamlets, and watercourses,
Fall of the rivers, &o.
,. , .
....
.
.
r .
,
wh1ch 1s a d1st1nct advantage 1n the trac1ng of the coal out
crops. This advantage is, however, to a very great extent neutralised by the covering
up of the Damudas by detritus from the Dalings and the Tertiaries. The fall of the
rivers, streams, and streamlets increases in the order they are named, that of the
minor streams being the greatest. The streamlet C, for instance, a tributary of the
Ramtek Jhora or Chunkhola, which has its source just below my head-quarters
camp, measures about half a mile in length. Within this length the fall is from
about 2,500 feet to about 750 feet, that is to say, about 1 foot in 1j feet.
As a consequence of this immense fall, huge slips take place during the rains ;
to such an extent, indeed, that it is often difficult to say where the rock is in situ, and
where not. Consequently, the exact demarcation of the different systems of rocks
is a matter of the greatest difficulty. The sections in the streams are seldom continu
ous for any considerable distance being hidden by talus ; good outcrops of coal are
never exposed in them. The rivers bring down huge masses of rock, some measur
ing 20 feet or more across, from long distances. Thus we have big " boulders " of
gneiss in the Lisu and the Jft (a river a mile east of the Ramthi) very nearly
down to their debouchure into the plains, at a distance of some eight miles from
the parent rock. Immense "boulders " carried from longer distances are met with
in the larger Himalayan rivers, such as the Tfstd and the Rangit. The " boulders "
are transported not so much, I believe, by the force of the current, as by the cut
ting away of the ground under them, so that they topple over and are rolled down.
With regard to climate, the rainfall of the area is very heavy. The average of
seven years from 1883 to 1889 at Nimbang just north of
Climate.
the coal-area is 194*87 inches, which is considerably greater
than that of Darjiling. Last year the rainfall at Nimbang was 245*83 inches. The
following details have been kindly supplied by Mr. J. L. Lister of the Nimbang
Cinchona Plantation :—
Rainfall in inches.

1885
1886
1887
1888
1889
18go

.
.
.
.
.
.

Jan.

Feb. Mar. April. May. June. July. Aug. Sep.

Oct. Nov. Dec. Total.

043
0
5"04
0-88
3-85
2"02

0*13
o'n
0
o-5o
3*82
0

30*92 70-64
2*92
o'g1 u-88 38-I3 47-12
5-l2 21 02 44*3 34-26
4-69 7'35 35 56 5 "05
443 1 1-93 60-82 8o-66
5-58 6-2I
(up to
the
28th).

5*68
0 115 203-47
5-78 0*44 0-64 '9433
787 0-15
0 196-10
0 161-98
2-36 0-48
0 245-83
2
9'33

2-66
4'02
1tIo
2-82
o'os
0*30

35-19
24-58
29' 43
25'5'
45'99 23-95
43'°4
60-71
47 '4S
30-78
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The temperature decreases, and the salubrity of the climate increases with
altitude. From the middle of April to about the end of May, I had my head
quarters camp on the highest peak of the Chankiang spur north of the Chunkhola,
at an elevation of about 2,600 feet. Within that period, the temperature seldom
rose above 8o°. But, the place being exposed on all sides, and the weather rather
showery, the changes of temperature were sudden and great. For permanent quar
ters, more sheltered sites will be found on either side of the spur.
III.—Geology.
For detailed information on the geology of the district, the reader is referred to
Mr. Mallet's comprehensive memoir. I shall here chiefly refer to such facts as
have been brought to light by the excavations.
The coal-bearing rocks (the Damudus) consist essentially of sandstones and
shales, the former predominating. The sandstones are
stoles achates'
greyish. rather soft, massive-bedded, medium-grained, felspathic, and occasionally calcareous. They are never pebbly ;
and this constitutes the most important point of difference between them and the
adjacent Tertiary sandstones. False-bedding is common. Along bedding and joint
planes, they are not unoften seen to be thinly crusted over with carbonaceous
matter; but the vegetable impressions are never very distinct. The shales, as has
been already mentioned, are subordinate to the sandstones. They are sometimes
coarse, being sandy and micaceous, when reddish tints prevail; sometimes very
fine and black, breaking with conchoidal fracture. They are, as a rule, more or less
carbonaceous, the black shales being most so ; and it is in association with these
that coal seams occur.
Igneous rocks occur; indeed, would appear to be rather common. Like those
Mica Tra
which I have described from Barakar and Raniganj,1 they
abound in mica (biotite), and are " mica traps."3 That
they are intrusive is shewn by the hardening of the sandstones, shales, or coal in
contact. The contact coal, as at Barakar, usually occurs in columns, which are
dull in colour, and rudely hexagonal ; sometimes it is found to be hard and pecu
liarly lustrous. A good intrusive sheet of " mica trap " is seen in the stream D,
7 feet in thickness, just below pit No. 9. It is traceable for a short distance
dipping with the associated coal and following the change of strike. Other thick
outcrops of " mica trap" were observed near pit No. II, west of the NimbangBagrakot road, in the Churanthi, and in the Nunmati stream between the Churanthi
and the Ramthi. From the nature of the associated strata and their lie, all these
outcrops appear to belong to the same sheet as that in the stream D, near pit No. 9.
If so, they mark a good horizon. The coal beds in contact with the "mica trap"
are pervaded by anastomosing veins of a reddish or brownish rock. It has a " felsitic " look, but the specimens obtained being all much decomposed, its petrographyis at present unascertainable ; and owing to the extreme obscurity of sections, I am
doubtful about its relation to the thick sheets of " mica trap." I may note that I
nowhere saw the " mica trap " cut distinctly through the sedimentary strata. But,
1 Rec., Vol. XXI, pt. 4, p. 163.
1 The felspar being much decomposed, it is difficult to say whether the mica trap is
Minette or Kersaiitun.
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owing to the smallness of the explored area, and the wretchedness of the exposures,
not much reliance can be placed on this negative fact.
With regard to the age of the " mica trap," it must have been posterior to the
, M1ca
... Trap. deposition
of the coal-bearing
Age of, the
r.
.
° rocks, at least the 0greater
port1on of them, and anter1or to the d1sturbances they under
went, as well as to the deposition of the adjacent tertiary rocks. For the mica
trap, or, indeed, any other igneous rock, was nowhere found among the last-named
rocks ; and, as has been observed before, the intrusive sheets dip with the associated
coal and sedimentary strata, and follow their strike.
All the rocks have been greatly disturbed. The dip is usually very high, from
.
., „
45° to near vertically : it is seldom lower than 300. The
D1p, str1ke, &c.
...
T
1
\
,
str1ke 1s very 1nconstant. In the explored area, the usual
strike ranges between E.N.E.-W.S.W. and W.N W.-E S.E., the dips pointing from
N.N.W. to N.N.E. But, sometimes, as in the Chunkhola, near the junction of the
stream F, and in the Lisu valley at pit 1, the strike is nearly N.—S. Sharp twists
in the strike were observed at diverse places. There is also faulting to a great
extent ; but owing to the ground being much covered up, the faults were nowhere
well seen, except in the case of some small ones exposed by excavations ; and the
course of the faults as given on the map must be taken as more or less conjectural.
As a consequence of the disturbance which the beds have undergone, the rocks
have been greatly crushed, the crushing effect being specially noticeable in the
shales and the coal. The former have been converted into extremely fragile,
splintery slates, which break in all conceivable directions ; and a flakiness has been
induced in the coal, so that with the least violence it is as a rule reduced to small
bits, if not to absolute dust.
Mr. Mallet is inclined to correlate the Sub-Himalayan coal-bearing rocks with the
Raniganj stage of the Damuda series. I have nothing to
ing rgocks.the coal*bear" add to his discussion on this point.1 On account of the
great crushing which the beds have undergone, the plantfossils have been very badly preserved. I could collect anything like a respectable
number of them from only one place, pit No. 2 in the Lisu valley. They appear,
however, to belong mostly to one genus— Vertebraria.
On the south side, the Damudas are in contact with the Tertiary rocks. These
.
ks
consist chiefly of micaceous, felspathic sandstones and
conglomerates. The conglomerates are coarse, sometimes
very much so. They are best developed near the junction of the Tertiary and
Damuda beds. The sandstones have usually a brownish hue : they are, sometimes,
though rarely, highly ferruginous. The sandstones and conglomerates are as a
rule very thick-bedded. Clay beds, sometimes highly ferruginous, occur, but are
quite subordinate. These and the sandstones are met with below the conglome
rates, that is to say, at the base of the Tertiary system. Small pockets of coal8 and
1 Op. cit. p. 29, et seg.
1 A specimen of this coal was analysed and found to contain moisture 17 52, volatile matter
exclusive of moisture 31-88, fixed carbon 49 28, and ash 1-32. It is noteworthy that the analy
sis ot this coal agrees very closely with that of fragments found in 1837, during some boring
operations, in Fort William, at a depth ot 392 feet (see Man. Geol. of India, Vol. III, p. 77).
There can be scarcely any doubt that these fragments were derived from the Tertiary coal of
the Sub-Himalayan range.
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lignite are found in the sandstones, as in the Ramthi and the Jft. But no work
able seam of either has been found anywhere ; nor is any such seam ever likely to
be found.1 No fossils beyond unrecognisable vegetable remains have been found
in these rocks. But from their lithological characters, and from the presence
amongst them of lignite sandstones, Messrs. Medlicott and Mallet concluded that
they represent the Nahan stage of the Siwalik series.3
The Tertiary strata have a general north-western dip. Their strike is more
constant than that of the Damudas, and the dip also (except sometimes at their
junction with the latter rocks) lower and more uniform, seldom exceeding 30° and
seldom deviating much from N.N.W. The sal-clad massive sandstones and conglo
merates forming craggy ridges are beautifully seen to slope with the dip, and can
be followed with the eye to long distances.
The Tertiary and Damuda strata both having as a rule northerly dips, the former,
though more recent, appear to underlie the latter. Good conThe Damuda—Ter- ^ct secti0ns are rare. As the relation of the two sets of rocks
t1ary boundary.
,
,
. .
1s of 1mmense pract1cal as well as theoret1cal 1mportance, I
shall here give in detail some facts bearing upon it.
Commencing with the westernmost part of the explored ajea, near streamlet L, a
tributary of the Ramtek Jhora, a wall-like bed of massive tertiary conglomerate, is
in contact with Damuda shales 8 and coal. The dip of both is high, about 70°, and
points north-westward ; so that the tertiary conglomerate appears to underlie the
Damuda shales. I had a pit dug at the junction, pit No. 20. It went down to some
20 feet, the conglomerate and the coal-bearing rocks being found all the way in con
tact as at the surface. Here we have very likely a reversed fault.
There is nothing particularly noteworthy about the boundary between the streams
L and F. Near the junction of the latter stream with the Ramtek Jhora, the bound
ary line becomes tortuous ; and there is also discrepancy in strike, the coal-bearing
rocks at and south of pit No. 65 striking very nearly N.-S., whereas no such change of
strike was observable in the abutting Tertiary strata to the south. East of pit No. 65,
the boundary line runs fairly straight nearly as far as the Bagrakot-Nimbang road.
The junction along a portion of it, south and south-west of pit No. 11, is well ex
posed. Here the Tertiary strata have been much crushed ; and they abut against
the coal-bearing rocks in a manner which, coupled with the straightness of boundary,
gives rise to a strong suspicion of faulting. I am inclined to think that we have a
reversed fault here.
Between the Bagrakot-Nimbang road and the Churanthi river, the boundary line
is far from straight, and the facts as revealed by excavations do not favour the idea of
faulting. Just east of the road the Damudas bay into the Tertiaries. Further east,
the coal of pit No. 7, at the junction of streams D and D1, distinctly passes under
Tertiary conglomerates and sandstones. The pit between Nos. 7 and 39 went through
some 30 feet of the latter rocks ; below these coal was struck, which, I have hardly
any doubt, belongs to the same seam as that exposed in pit No. 7. The seam,
1 It is necessary to emphasize this. Owing probably to the proximity of the Tertiaries
to the Duars and the Terai, more notice has I find been taken by the planters of these pockets
of Tertiary lignite than of the seams of Damuda coal.
• "Mem.," Vol. XI, pt. 1, p. 50.
' I must say, no fossils were found here. But the shales and the associated coal have an
unmistakably Damuda facies.
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which is exposed by a number of pits between 75 and 41, passes, when traced south
ward, at 39, under Tertiary conglomerates. There is just a skin of these about 39 ;
but they increase rapidly in thickness southward. From the sections in the pit 39
and that between it and 7, the Tertiaries are seen to rest upon a very uneven surface
of the coal-beds ; the latter had been denuded out into hollows before the former
were deposited. There would also appear to be diversity of strike. The sections
here suggest simple unconformable superposition. East of 39, the boundary line
runs fairly straight as far as the Churanthi river. Here the Damudas bay into the
Tertiary beds in such a manner as to leave little doubt concerning the unconformable
superposition of the latter. Some coal of rather good quality was obtained by digging
through the Tertiary sandstones by the side of the stream M (a feeder of the Churanthi),
which I am inclined to think belongs to the seam exposed in pit No. 7, or to that
just north-east of it. The Tertiary conglomerates and conglomeratic sandstones in
the intervening area were found too thick and too hard to settle this important point
by diggings. Two or three borings here will be of great practical and theoretical
interest. The ground east of the Churanthi was not explored in such detail as that
to the west of it ; and the boundary line being more or less conjectural is drawn
fairly straight as far as the Ramthi. I have no doubt that, with more detailed ex
ploration, the Damudas will be found to bay into the Tertiaries at places.
It will be seen, from what has been said above, that the boundary line between
the Tertiaries and the Damudas, though it appears fairly straight on a small scale
map, is sometimes very crooked. There is faulting at places ; but the facts noted
above do not favour the idea of the entire boundary being a fault. This conclusion
appears to be in accordance with that arrived at by Mr. Medlicott in the North
western Himalayas, who believes the junction between the Tertiaries and the older
rocks there to be " primarily a line of original contact."
On the north side the Damudas are in contact with the Dalings. The junction is
„
,.
much ,covered
soO than
The Dal1ngs.
,
.up,. more
.
,. that
. .with the Tertiaries Jjust
treated of; and the boundary l1ne be1ng for the greater part
more or less conjectural may not be quite so straight as shewn on the map. In the
Chunkhola the junction is fairly well seen in the streams B, C, D. Close to it the
Dalings consist of impure limestones and of slates which are partly ferruginous and
partly carbonaceous. The latter have a small percentage of carbon, one of the sam
ples analysed shewing only 5*2 per cent, of fixed carbon. The carbonaceous slates
occur in association with thin folia? of white quartz ; and the rock may be called
carbonaceous quartz schist. This schist is usually well developed near the junc
tion. Further north, silvery slates, quartzites, &c., occur. The limestone mentioned
above occurs just at the junction. It is poor in lime, as the following analysis by
Mr. P. Lake will shew :—
Si Oj and insolubles
Fe3 Oj and Al, Oj .
Ca O
MO
CO,
H30

......... 53*1o
.
2-45
23 77
'70
18 65
58
992
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The Damudas and the Dalings both dipping northward, the former, though more
recent, have the appearance of underlying the latter. This
boundaryamUda"Dal,ng appearance is rendered the more deceptive owing to the uni
formity of dip (both in amount and direction) presented by
both of these series, and owing to the occasional lithological similarity of some of
their constituents. As a rule, however, and especially away from the junction, the
penological contrast between the two series is marked, and when the boundary is
not covered by talus, it is not difficult to demarcate it. The Dalings are, as a rule,
far more advanced in metamorphism than the Damudas.
With regard to the boundary between the Damudas and the Dalings, it may be
partly, like the Damuda-Tertiary boundary, a reversed fault. As, however, but few
excavations were made along the former, the observations regarding it are not of
such a satisfactory character as those relating to the latter.
The presence of carbonaceous beds in the Dalings probably indicates that
estuarine and terrestrial conditions had already set in during
^Conditions of deposi- ,he Daling epocht These condilions certainly prevailed
during the Damuda epoch and the Tertiary period, when
there were laid down carbonaceous shales, coal, and false-bedded sandstones in the
former, and coarse conglomerates, lignitiferous sandstones, &c., in the latter.
Indeed, the same conditions appear to have lasted up to the present day.

IV.— EconomIc Geology.
§/. Principal Coal Seams.
The ground immediately to the east of the Kalimpong-Bagrakot road was
explored in greater detail than any other portion of the Damuda area. I shall,
therefore, start with a description of it.
At pit No. 7, there is exposed a good seam of coal 16 feet in thickness. It has
a high north-eastern dip amounting to 70" It rests upon
^'viaie^0'111
^ne m'cace0ug1 more or less carbonaceous, arenaceous
shales about 8 feet in thickness. Below these shales, a
thick outcrop of coal is exposed in the streamlet D1. I at first took it to belong to
a distinct seam ; but by diggings it was found to be only the 16 feet seam sharply
twisted back. On the north side, this seam is faulted against another, about 6 feet
in thickness, resting upon shales about 4 feet thick, and dipping nearly vertical in a
south-western direction. Eastward, a pit along the strike (between Nos. 7 and 39)
disclosed what I believe to be the 16 feet seam coal under some 30 feet of conglo
meratic Tertiary sandstones. Further east, these sandstones were found too thick
to attempt diggings. The 6 feet seam which is faulted against the 16 feet seam in
pit 7 was traced by diggings for a short distance westward, after which its course in
that direction was found to be cut off by a fault.
Sixty-two feet north of the seam last mentioned there is a thick seam resting
upon sandstones. It was traced through pits 75, 60, 43, 43, 41, and 39, almost
continuously for about 340 feet. From the sections in pits 41, 42, and 43, it is
found to be about 24 feet in thickness. The dip is north-eastern and varies from
400 to 450. Near 75, the strike takes a twist and changes from nearly N.W.-S.E.
n
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to N.E.-S.W. The seam is traced down to the stream D, near which there is in
all likelihood a minor fault. South of the stream D, we have a good seam exposed
by pits 22 and 6. In pit 6, it is about 17 feet in thickness and rests upon shales
with inter-bedded thin coal. The dip varies from 40° to 55° in amount, and from
N.N.W. to N.W. in direction. I believe the seam is identical with the 755-39 seam.'
The former was traced to pit No. 87. Proceeding south-west along the strike, we
have a good seam exposed by pits 38 and 51. The trench at 38 cutting the strike
very obliquely, the thickness of the seam is doubtful. It cannot, however, be
much less than 25 feet; and, like the seam 6-87, I believe it is identical with 75-39,
in which case, we have got this seam traced for a distance of some 800 feet, without
any diminution of its thickness.
The last-mentioned seam is superposed by sandstones which are fairly well seen
in the stream D. Several minor coal seams and sheets of " mica trap" are found in
these. Just below pit 9, a thick sheet of the mica trap is met with. It is overlaid
by coal which extends with but little interruption to pit No. 8 for a distance of about
80 feet. Of this coal, that in immediate contact with the mica trap is worthless as
fuel being very hard and columnar; further beyond, in pits 9, 21, and 8 a seam of
coal of inferior quality is exposed, averaging about 18 feet in thickness. Similar coal
is exposed in pits 10, 45, and 27 by the stream DD1 ; it is very likely the continua
tion of the 8-9 seam. In fact, I believe, it is continued to the Churanthi as shewn
on the map.
The coal of No. 9 is parted from a seam of good coal (pit 104) by a few feet of
shales. This coal is about 5 feet in thickness, dips N.W. 45° and is overlaid by
sandstones. There can be scarcely any doubt that it is this coal which is caught in
pit No. 46, where the thickness is about 7 feet. It is probably continued through
pit 28 to the Churanthi (pit 105). In the last-named pit, however, the coal is of
inconsiderable thickness.
A seam of good coal is exposed in pits 47, 48, and 49, of which the thickness in
pit 48 is 8 feet, and in pit 49 is 9 feet. It would probably be found to run parallel
with the last-mentioned seam at least to some distance westward.
The coal of pit No. 7 as well as of the seam 75—39, traced along the strike east
ward, passes under thick Tertiary rocks. By the stream M, close to its junction with
the Churanthi, there was disclosed some good coal in pit 95, which, I am inclined
to think, is identical either with the coal of pit No. 7, or with that of the seam 75—39.
The Tertiary rocks in the intervening ground were found too thick to attempt any
excavations : two or three borings would settle the question of the identity satisfac
torily. In the meantime I may give the reasons which led me to believe in it.
First.—There is a thick outcrop of mica trap, 300 feet north of pit No. 95, which
seems to be the same as that found in the stream D below pit 9 ; for it is overlaid
by altered coal and other rocks similar to those superposed on it in the stream just
named. The relative position of the coal of No. 7 or of No. 75 with regard to the
mica trap is the same as that of No. 95.
Secondly.—The strike which all these rocks have when last seen near pit No. 39
would bring them to the position occupied by them between the stream M and the
Churanthi.
1 That is to say, the seam lying between pits 75 and 39. For the sake of brevity, I shall
refer to seams in this way.
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Between the Churanthi and the Nunmati stream, the ground is much covered
Th R th' V li
u^ ah<* Was n0t exP'oret^ 'n detail. Some diggings were
The Ramthi Valley.
ma(je by the last-mentioned stream. A trench at 93 exposed
the following section in descending order :—
8' anthricitised hard coal—Dip N. 50°.
4' intrusive sheet of mica trap (?)
6' altered hard coal.
12' good coal.'
1 1' coal, partly altered, partly shaly.
Shales more or less carbonaceous.
As the strike between the Churanthi and the Nunmati stream (a feeder of the
Ramthi river) is very steady, being E.—W., I am inclined to believe that the coal of
No. 93 is the same as that of 95 by the stream M.
Further up the Nunmati stream, several seams of coal, more or less worthless as
fuel, and intrusive sheets of mica trap (?) are met with, until near pit 91, where
thick sandstones are met with. At pit 91, there is a seam of good coal about 6 feet
in thickness, dipping N.— 10—E. '45°.
East of the Nunmati stream the trend of the strike changes from nearly E.—W. to
E. N. E.—W. S. W. by the stream E, and to nearly N.—S. by the stream P, where the
dip at pit 33 is westerly. This pit exposes a seam of rather good coal 10 feet thick
dipping 700 W. Below it there is another seam of indifferent coal (pit 32) about 7
feet in thickness. In pit 30, by the Ramthi, there are two seams, of which the upper
is 10 feet in thickness, and the lower varies from 2 to 5 feet. The dip is western.
Going back to the Bagrakot-Kalimpong road, we find about 160 feet west of it,
near pit n, a thick sheet of mica trap overlaid by columnar
The Chunkhola.
atl(j otherwise altered coal. I am strongly inclined to think
that it is identical with the thick sheet mentioned above as occurring in the stream D
below pit 9. There are indications here of the mica trap being faulted against
the Tertiary conglomerates.
Proceeding along the strike westward, the mica trap is traceable for a short
distance south-west of pit 62. Further beyond, the ground near the junction is
much covered up, and there is nothing specially noteworthy south of the Ramtek
stream until we Come to pit 65. The section here in descending order is as
follows :—
Micaceous sandy shales.
27' good coal. I D; E N E d»
25 sandy shales. )
r
J
30' good coed.
Sandstones.
Dip E.N.E. 85°.
Taking the average dip of the lower seam, which is higher than that of the upper,
at 50° we get its thickness to be 2 2'8 feet. The thickness of the upper seam, if the
dip (300) of the underlying shales be taken, is 135 feet. Both of these seams were
traced northward to the Ramtek river where they are lost, probably cut off by a fault.
Southward they were traced to the stream F, where they either pass under, or are
faulted against, the Tertiary rocks, the question being left unsettled owing to the
difficulty of sinking pits in these. The actual length over which the seams are
traced is 340 feet.

248

Records of the Geological Survey of India.

[VOL. XXIII.

The sandstones underlying the lower of the two seams just mentioned have a
very high eastern dip bordering upon verticality. They are seen for a short distance
west of the coke-kiln where they are faulted against coal-seams, carbonaceous shales,
&C, running with a very different strike (nearly E.-W.). The ground is much
covered up by debris of Tertiary conglomerates, and is, besides, confused by faulting
and contortion. By ripping it open several thick seams of excellent coal were ex
posed. Just by the stream F, at pit 25, a very thick seam is exposed. In a trench
dug nearly across the strike its outcrop measured no less than 40 feet. Taking the
average dip at 500, its thickness would be 30 feet. Westward, the ground was not
sufficiently well opened up to enable me to say with certainty how it ran in that
direction ; and its relation to the seam just north-west of it is very doubtful. Possibly
the two seams are identical, one being slightly shifted from the other by faulting.
Eastward, the seam of pit 25 is faulted against the sandstones underlying the bottom
coal of pit 65.
A trench across strike at pit 36 exposed the following section in descending
order :—
22' good coal (lower part somewhat stony). Dip N.-10-E. to N.-IO-W., 40°.
1 6' shales.
29' good coal. Dip N. 45°.
Shales.
The thickness of the upper of these two seams is about 1 5 feet, and that of the
lower seam about 20 feet.
Both of these seams agree very closely with those exposed east of the coke-kiln
in thickness and quality as well as in the fact of their being parted by shales. I think
it highly probable that the seams of pit 65 have been brought to the position they
occupy in section 36, first by a twist in the strike south of the stream F, and then by
faulting.
The upper seam of pit 36 is much covered up by debris of Tertiary rocks.
Digging through these to a depth of some 20 feet, it was seen to be apparently
faulted against another seam of excellent coal, which at pit 56 dips E.S.E. 500. The
thickness of the latter seam is about 17 feet. It is continued westward to pit 35,
where a twist in the strike takes place, the dip changing to E.N.E. 55° The thickness
as measured here is slightly greater amounting to about 20 feet. It is apparently
faulted against another seam of hard, altered coal, below which we have some ex
cellent coal, about 13 feet thick, resting upon sandstones and dipping E.S.E. This
coal is, I believe, continued to pit 13 at the junction of the stream F and the Chunkhola.
The ground just described (containing pits 65, 25, 36, 56, 35, and 13) is very rich
in excellent coal-seams. On the data available, any attempt to identify them with
the seams exposed between the Kalimpong-Bagrakot road and the Churanthi would
lead to too much speculation, which I have tried to avoid. I may, however, just
observe that a thick outcrop of mica trap occurs between pit 54 and the junction of
the stream K with the Ramtek river. If it be permissible to identify it with the
mica trap near pit 1 1 by the Bagrakot-Kalimpong road, then the seams exposed
tin pit 65 may be identical with the coal-seam in pit 38.
South-west of the stream F, there is nothirg specially noteworthy until we get
to the stream L. Between its junction with the Ramtek river and pit 20, there were
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found indications of good coal-seams. This ground, however, was not explored in
sufficient detail.
Going back to the Bagrakot-Kalimpong road, we find some 400 feet west of the
Kuli huts a rather promising seam exposed by pit 5. It is about 14 feet in thickness,
and dips E.— 10—N. Southward, the ground being much covered up, it could be
traced but for a short distance. There are indications of coal near pit 61, but none
of respectable thickness was encountered. The dip here is also eastern. But at
pits 62 and 11 the beds of altered coal (mostly columnar) are inclined N.N.W. I
am inclined to think that a line of fault runs between pits 61 and 62, and extends
to some distance westward, probably as far as the junction of the stream H with
the Chunkhola. There is very likely another line of fault running along the spur,
dividing Chunkhola from the Churanthi valley; for the rocks on either side of it
present great discordance both as regards strike and lithology. On the BagrakotKalimpong road and east ofO it the dip is north-western ; whereas west of the road it
varies from E—18—N to N.E. : and the seams occurring west of the road—that
of pit 5, for instance—are not to be found east of it.
Proceeding westward from pits 5 and 61 we have in pits 68 and 34 indications
of good coal. Further west there occurs in pit 29 an excellent seam. The sec
tion here is as follows (in descending order) :—
Shales.
2' good coal.
9" shales.
14' 3" good coal.
Blackish carbonaceous shales.
The dip is E.N.E. 45°. Taking this dip, the thickness of the lower seam
comes to about io\ feet. Lower down the streamlet in which pit 29 lies, another
seam of good coal was exposed by diggings (pit No. 53). It has a thickness of
about 6 feet, and strikes nearly E.—W.
Proceeding westward, some very good coal was exposed by diggings by the
stream G (pits 69 and 59). A cross cut at 69 exposed the following section (in
descending order) :—
1' coal.
1' 3" shales.
38' 9" coal, dip N. to N— 10—W. 65°.
4' carbonaceous black shales.
3' grey sandy shales.
3' carbonaceous, oily, black shales, Dip N 8o°.
Sandstones.
If the amount of the dip be reliable, the thickness of the main seam comes to
no less than 35 feet. As regards the quality of the coal, it has a very strong resem
blance to that of pit 29 ; and the strike which the latter has would bring it to the
position occupied by the former.
Just west of the junction of the stream G, with the Ramtek river, there is an
outcrop of good coal (pit 55) about 14 feet in thickness, resting upon thin, splintery
carbonaceous shales, with interbedded thin seams of coal, dipping N. 45°. The seam
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was traced for a short distance westward. Higher up the stream G, north of pit 69,
there is a thin seam of good coal (3' 6'') resting upon shales, and dipping about 500
N.— 6—W.
By the stream H, and the footpath just east of it, there are indications of several
promising seams. But the ground is so extremely covered up that they could not
be traced far on either side of it. The section by the stream exposed by a cross
cut, pit 85 (/'.if., a trench across strike), is as follows (in descending order) :—
a. 1d coal, dip 450.
27' sandstones.
8' black carbonaceous shales.
b. 4' good coal. ~\
8' shales.
> Dip 450 N. to N.— 10—W.
e. 11' good coal. }
Shales.
80' shales, sandstones, and coal, not well exposed.
dm n' coal.
From the steadiness of the strike between the streams G and H, I have bat
little doubt that the seams b and c of the above sections with some of the associated
carbonaceous shales represent the thick seam of pit 69 ; and that the seam a re
presents the thin seam above pit 69, though the former is immensely thicker than
the latter.
At pit 99 by the footpath just east of the stream H, a good seam about 8 feet
thick is exposed, which I am inclined to connect with the coal of pit 100 presently
to be mentioned.
The strike continues very steady for some distance westward. By the footpath
just east of the stream C, there are several exposures of good coal. At pit No. 90,
we have the following section :—
9' coal.
1' shales.
2' coal.
Below pit 90 occur shales with thin seams of coal until we come to pit 100,
where there is a rather promising seam of which the exposed thickness is no less
than 10 feet. I am inclined to consider the latter as identical with the coal of pit 99
east of the stream H.
With regard to the coal of pit 90, it very likely represents the seam d of the
section at pit 85. The higher seams of this section are, I believe, caught in pit 79
further west by a footpath east of the stream B. Here the section is as follows (in
descending order):—
97' reddish sandy shales with thin coal.
a. 19' coal.
4' shales.
b. 28' good coal.
Hard reddish shales.
The dip varies in amount from 350 to 55° and in direction from N. to N.N.W.
The thickness of the seam b in this section, taking the average dip at 450, is
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found to be 19*8 feet. Together with seam a its thickness would be very nearly that
of the thick seam of the stream G (pit 69), with which I am strongly inclined to
identify it.
Proceeding further west along the strike, some seams were exposed by excava
tion by the stream A. None of them appears to be very promising, and if they
represent any of the seams mentioned above (as from the strike they appear to do,
at least in part), they must do so in a considerably attenuated form.
At the forest boundary dividing Chunkhola from the Lisu valley the ground is
The Lisu Valley
mucn covered up. The few outcrops seen here are all of
worthless coal. West of the forest boundary, indications of
good coal were found by the stream N. at pit 14 and the one above it. In the
former, the seam is 7 feet thick, dipping N.—15—W., and in the latter, the seam
is 7 feet 6 inches in thickness, dipping 350 N.— 10—W. The strike of these as
well as of the outcrops at pits 15 and 16, is the same as that prevailing east of the
forest boundary in pits 70, 74, &c.
Further west, the strike changes probably by a twist, the dip in the pits 4, 82,
17, and 18 west of the stream R being north-eastern. The section exposed by pit
4 is as follows (in descending order) :—
Carbonaceous shales with thin seams of coal.
4' coal.
-v
1' carbonaceous shales. C Dip 250 E.N.E.
4' coal.
)
Sandstones.
The seam exposed by pit 18 is 5 feet 6 inches in thickness; and the coal ap
pears to be very good. The seams in pits 17 and 82 were not well exposed ; and
their thickness is doubtful. From the strike it seems to me probable that the coal
of the pits 4, 82, 17, and 18 represents respectively that of the pits 14, 107, 15, and
16.
Further west, the ground is so covered up by detritus from the Dalings, that
very little rock is seen in situ. There are, however, indications of excellent coal
in pits 1, 2, and 3. . The section exposed by pit 1 (in descending order) is as
follows :—
a. —5' 9" good coal.
3' 3" black carbonaceous shales.
4' sandstone.
5' black carbonaceous shales.
b.— 1' 10" coal.
5' 3" black carbonaceous shale.
The dip is high about 650 to 80° pointing E. to E.N.E. The seam a was
traced for some 100 feet northward, where a fault appears to separate it from the
seams of pits 2 and 3. In pit 2, a seam of excellent coal, 3 feet 6 inches in thick
ness, is observed interbedded with micaceous, sandy shales, which yielded a large
number of fairly-preserved fossils mostly belonging, however, to one genus, vcrtcbraria. The seam in pit 3 is about 2 feet 9 inches in thickness ; it is very likely
identical with that of pit 2. The dip of both is high (about 500) N. W. to N.N.W.
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The following is a tabular summary of the principal coal-seams not less than
Tabular Summary.
h'ghly
5 *eet alte*ed
m th1ckness,
by contact
leaving
with out
igneous
thoserocks
which:—have been too

Seam (indicated by pits).

Dip.

Length
Average of ten1a
thickness in actually
feet.
traced 1n
feet.

(1)—Super1or Coal (Class
es A and B).1
J',—Churanthi and Ramthi
Valleys.
(') 39—41—43—43—6°
40° to 55° N. E.
—75—6—38-51
to N.W.
(2) Near pit 95 (close to junc
tion of stream M with
the Churanthi) .
N.N.E.
(3) 93
...
50° N.
(3o) 91
45° N.—10-E
(4) 33—(Stream P, a feeder
of the Ramthi) .
70° W.
(5) 7—(Two seams faulted) . |70°N.N.E.toN.E
(16 feet seam)
S.W. (6 feet
Beam).
(5a) 104—46—28—105 .
45° N.W. to
N.N.E.
(54)47-48—49 .
35° to 50° N. to
N.N.E.
H.—Chunkhola.
(6)1 65-(Upperseam)
30° E.N.E.
(7) 65- (Lower seam)
So° E.N.E
(8) 25
.
.
.
.
5o° N.
(9) 36 (Upper seam) .

...

}
• 7'3

9'4
22 (total
thickness)

This seam is very likely c
tinued to next pit under
Tertiary 'conglomeratic
sandstones which cover the
intervening ground.
This coal is probably con
tinued to next pit.
Part of this coal is of infer
ior quality. This seam is
poss1bly continued to seam
Probably identical with
seam (5 b).
Very likely continued to
near p1t 95.

S3
8*5

1,650
835

»3'5
22'8
30?

340

These seams are possibly
1dentical w1th those next
named.
This is probably identical
w9n lower seam of next

.

40° N. 10 E.
to N. 10 W.
(10) 36 (Lower seam) .
N("') 56—35 .... 50°. 45°
E.S.E. to
55°
E.N.E.
('2) 35
....
E. S. E.
('3) 5
....
E. 10 N.
«'4) 29

Boo

Remarks.

,

45° E. N. E.

(15) 59—69—85—79 (?)
„ 45° to 65°
N. to N. N. W.
(16) 101 (Stream G, above
69)—85 (uppermost
seam)
45° to 50°
N. to N. ti. W.

»5
300
20
18-5

1

'3
M

S3
250
■65

12

660?

*7(?)

1,815

Si

500

1 Vide infra, pp. 17—18.

This seam is faulted against
the one next named.
Possibly identical with the
next seam, but shifted by
a fault.
Probably continued to next
seam. The thickness given
here is the aggregate thickness of two seams parted
by 9 inches ol shales.
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Seam (indicated by pits).

Length of
Average
seam
thickness in actually
feet.
traced
in feet.

(17) 34—68-53-55—64-102 450 N. N. E. to
8
N.N.W.
(18) 99—1°0.
.
.
. 45°N.N.E.to
9
N.N.W.
III.—Lisu VaIIey.
(19) 14—4 .... 350 N. 1° W. to
25° E.N.E.
65° to 8o°
(20)
5*5
E. to E.N.E.
(II)— Infer1or Coal (Class
C).»
J.—Churanthi and Ramthi
VaUty .
(21) 8—21—9— 1°—4°—45—
50° to 850 N.W.
13'
27—103
N.N.E.
N. 1° E.
N.N.W.
(22) 97 (Nunmati stream)
W.
(23) 32
7
13 (total
W.
(24) 3° (Two seams) .
thickness).
Il.-Chunkhola.
N.N.W.
8
(25) "-45 •

253

Remarks.

1,0°°
7°0
75o(?)

1,800

The seam is very thick be
tween pits 40 and 45. It
is very likely continued to
next pit.
"1 Seam of 32 is probably
S identical with the upper
) one of 3°.

§ 2. Quality of the Coal.
With regard to quality, the coal may be classed under three heads as
follows :*—
Class A.— Cakes strongly. Percentage of ash not exceeding 16.
P1t No. 3 (Llsu Valley).
Moisture

.

•

.

.

•

Volatile matter (exclusive of moisture)
Fixed carbon .....
Ash
......
Colour of ash
....

Percentage minus
the moisture.
886
1037
74-84
6306
1479
12-64
Gray. Cakes strongly, and
forms a light tumid cake.
1 454

P1t No. 1
(LIsu Valley). P1t No. 1.
472

3-28

22- 1 6
6024
1288

20-60
6012
16Ooo

Three samples from pits Nos. 1, 2, 3 in the Lisu valley were found to contain
respectively 1o-64, 8-88, and 16-12 percentage of ash. These samples as well
as those from pit No. 1, of which the analyses are given above, were from the
surface, and were found either not to cake or only to sinter slightly. From a depth
of 5 or 6 feet from the surface, the coal from all these pits was found to coke
strongly, like the sample from pit No. 3, the analysis of which is given above.
As far as I could judge from appearance, the coal from pits Nos. 29, 59, and
69 belongs to this class.
From the analyses given above, the average percentage of ash is found to be
I2'23, and the average percentage of fixed carbon, 61*44.
1 Vide, infra, p. 19.
* The analyses were made in the Survey Laboratory.
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cFrom
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omaparisonof
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topercentage
from
samples
No.7,
pit
decrease,
depth.
with
Remarks,

but
Cakes, notOry
6328

No.Pit7. surface.

O7OO0

O-O8

565O

No.Pit7,surface.
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red
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22.—

suVraflace.y1,
Pitt. Churanthi
No.
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O8-OO
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OOOO
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O976
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Redgrayish
l6OO0
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OO7O
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>5-O7
5O*85
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The coal of the pits 39, 41, 42, 43. 6, 38, 65, 36, 35, 56, 13, 55, 100, &c., in fact
the greater portion of the coal described above, appears to belong to this class.

Class C. Does not cake. Percentage of ash between 22 and 33.
P1t 30, Ramthi
Valley.
(Surface.)

P1t 30, Ramth1
Valley.
(Surface.)

•80

ICO

788

I0-40

58- 12

6176

60-84

33'2o

26"24

2440

1oo-oo

1 00-00

10000

P1t 9, Churanthi
Valley.

j
Volatile matter, exclusive of moisture .

Dark brown.

Light red.

S76

Dark brown.

To this class belongs the coal of pits 8, 21, 10, 45, 40, 27, 103, in the Churanthi yalley ; 97,
32 in the Ramthi valley ; 1 1 , 12, 54 in the Chunkhola.
In the following table the Darjiling coal (Class A and B) is compared with
the Raniganj coal :—
F1xed carbon.
Darjiling, average of 8 assays

.

Raniganj, average of 31 assays

.

.

Volatile
matter (1ncluding
mo1sture).

Ash.

59-56

22-94

17*42

S3-2

3063

16-17

The utilisation of the Darjiling coal depending to a great extent upon its caking
property, care was taken to test it in the field in earthen kalsis, as well as on a
larger scale in kilns. Three kilns were put up, one on the saddle separating the
Churanthi valley from the Chunkhola, another in the Chunkhola, and the third in the
Leeshkhola (Lisu valley). Coal from pit 7 was tried in the first, from pit 25 in the
second, and from pits 1 and 3 in the third. All of the kilns turned out good coke
which has been pronounced by a competent authority to be quite up to any made
at Barakar. A sample of the coke assayed in the Survey Laboratory was found to
contain only 0-62 percent, of sulphur (058 per cent, as sulphide, and 0*04 per cent,
as sulphate).
The fact that so many of the outcrops have yielded good coke is the most
hopeful feature about the explored coal.
§ 3.

Quantity of immediately available good coal in the central portion of the
explored area.
With regard to the quantity of the coal, I shall attempt a calculation of it only
for the central portion of the explored area (marked a, b, c, d on map), which was
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opened up in greater detail than any other portion. This area measures only 97
acres, or about three-twentieth of a square mile. Within this small area, I shall, to
be on the safe side, restrict myself to those seams or portions of seams which have
been actually traced by me. Further, I shall neglect all coal which contains
more than 22 per cent, of ash, and all seams less than 5 feet in thickness.
I shall put the limit of workable depth at 1,000 feet. In Europe there are coal
mines of more than treble this depth in rocks quite as highly disturbed as those we
are dealing with. But, in India, no coal mine has, I believe, yet reached the depth
of 500 feet; and in taking the limit of workable depth at a thousand feet, I hope I
am not transgressing the bounds of Indian probabilities.
For facility of calculation, I shall assume an uniform average inclination of
450 for all the seams. From an inspection of the table of principal seams, it will be
seen that this average is well warranted by facts.
c
Available Inquantity
Seamton*. of coal
(l)'
746,592
(5)
186,648
(5a)
349.965
(5b)
279.972
(6)—(7)
519.2'4
(8)—(10)
509.040
(u)-(t2)
328,755
03)—05)
1.903.809
(16)
106,050
(17)
'
395-354
(18)
267,246
5.592.645
In round numbers we have 5J millions of tons of almost immediately available
good coal belonging to classes A and B within an area of not more than 97 acres.
The whole of this coal will, I believe, be found to be convertible into good coke.
For the entire explored area, which measures a little over one square mile, the
amount must be much greater though not proportionately, as the seams appear to
suffer attenuation eastward as well as westward. Twenty millions will not, I think,
be an over-estimate for the whole of the explored area. If we take coal of class C
into account, we would probably have some ten millions of tons more.
§ 4.— Carriage/ mineral resources/ labour,- mining.
The coal-field is situated at a distance of
miles (as the crow flies) from the
Duars. There is only one made road in the explored area,
8"
the Kalimpong-Bagrakot road. It passes along the water
shed between the Lisu and the Churanthi and is practicable for ponies. Running
as it does through the central and apparently the richest portion of the coal-field, its
importance, if widened into a cart-road, would be great. There is a path which
runs along the lasu river to Asabari at the foot of the hills, where a hdt is held
every Sunday. It could be made into a cart-road ; but the expense will, I think, be
greater than in the case of the Kalimpong-Bagrakot road, as several bridges will be
required.
1 These numbers refer to the seams tabulated before, see pp. 16—17. Strike faults may
reduce the estimated quantity to some extent.
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From the foot of the hills there is a cart-road to Silliguri, a distance of about
18 miles. The only river it crosses is the Tfsta\ At present tea from the planta
tions just at the foot of the hills is carried to Silliguri at a charge of about 5 annas or
so per maund. If the cart-road be extended to the coal-field, carriage by cart to
Silliguri would cost 6 annas per maund. If a tramway be made, the cost would be
much reduced.1 The proposed Duars Tramway will pass at a distance of about 10
miles from the coal-field, and a branch to it is well worth the consideration of the
Tramway Company. Besides the coal, the branch line would tap several flourishing
tea plantations, such as Bagrakot, Phulbari, and Asabari. I must say, however,
that traffic on this line would have to be suspended for three months and a half,
from June to the middle of September; for the rivers which the proposed branch
line would cross swell to large proportions during the rains, though almost dry for
the remainder of the year.
With regard to mineral resources, the coal-field is advantageously situated.
Seven miles to the north of it, at the head of the Rere Ung,
the v"cTnUyofs°heCcoain there
some excellent iron-ores* There are two kinds
of ore, of which one is described by Mr. Mallet to be in
places pure magnetite, but more usually including a varying proportion of actinolite ; the other is a " schist composed of magnetite, micaceous hematite, actinolite,
and talc, irregularly interbanded ; the last three also including octahedrons of mag
netite." Specimens of both kinds of ore have been assayed with the following
results :—
Percentage of iron.
Magnetite
.
.
.
, 71*50
Micaceous hematite
......... 59'8q
Neither contain any phosphorus or sulphur.
Mr. Mallet who examined the ores observes : " the deposit is a valuable one ; "as
will have been seen from the assays, the ore is extremely rich, and the quantity
appears to be considerable, while the iron produced is of the best quality."
There is copper ore two miles north-west of the coal-field on Yongri Hill. Mr.
Mallet who examined it in 1882 observes :s
" . . . . The Yongri seam, like all the other known cupriferous seams in the Darjil
ing district, (1stly) occurs in the rocks of the Oaling series, (2ndly) is a bed, not a true lode, and
(3rdly) that the ore is copper pyrites.
"As is commonly the case in the Darjiling mines, the seam is not of constant thickness,
expanding in some places, as I was informed by the miners, to a foot or so, and in others thin
ning to only 1 or 3 inches. A sample of the ore, as it was being brought out from the mine,
yielded on assay 1*5 per cent, of copper, while a sample of picked ore gave 6 6 per cent.
•
•
•
•
•
•
" Taking the general strike of the rocks into account, it is not impossible, perhaps not improb
able, that the Yongri cupriferous band is on the same horizon as the metalliferous strata at Mang.
phu. The chance is at least sufficiently great to suggest a somewhat promising clue towards the
discovery of new outcrops, between the two positions, to any one with sufficient geological
knowledge to apprehend the bearing of the facts."
1 Carriage by the Tfsti to Jalpiguri, if practicable, would be cheap. I hear tea from some
of the plantations near the coal-field is conveyed in boats down this river. The coal could be
carried down to the foot of the hills by wire-tramway ; and this mode of conveyance may prove
cheaper than an ordinary tramway.
* Vide Mem., XI, p. 67.
' Rec., XV, pp. 56-57-
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[The Mangphu copper ore on the Tfstd, referred lo in the above extract, is not
very far from the coal-field, about 6 miles to the north-west. ]
A mile and a half north-east from the Yongri mine, on the western flank of
Sampthar hill, Mr. Mallet encountered a metalliferous band, which was found to
contain " arsenical pyrites with a somewhat considerable proportion of mundic and
a little copper pyrites." " As white arsenic and orpiment (arsenious acid and arsenious
sulphide)," says Mr. Mallet, " are both easily prepared from arsenical pyrites, and
orpiment is used to a considerable extent in Ind1a in connection with the preparation
of hides, it seems likely that if some of the copper miners were to learn the way of
making the above-mentioned products, they could profitably work the Sampthar ore,
especially as some copper could be subsequently extracted from the spent pyrites." 1
There are deposits of tufaceous limestone in the Chunkhola, from which lime used
to be made at one time. But the supply from this source will never be plentiful ; it will
certainly not meet the demand for the manufacture of iron on a large scale. There
are beds of limestone belonging to the Daling series in the Chunkhola ; but the lime
stone appears to be poor.8 I could, however, but pay little attention to it. Very
likely with closer search more promising outcrops will be found. We have good
coke, and an abundance of rich iron-ores : with good flux, we may expect to have
iron manufactories at no distant date in the Darjiling District.
There are a few villages north and north-west of the coal-field. But they are
Labour su I
scantily populated ; and land is so cheap that every tenant
has got more of it than he can well attend to. Consequently
labourers as a class do not exist ; and great difficulty was felt by me in procuring
local labour. If the coal be worked, Nepalese labourers will have to be got. In
the neighbouring cinchona plantation at Nimbang they work at R5-8 to R4 per
month ; and there is no reason why they should not be available for the coal mines
at the same wages, provided that suitable land for them to settle on be found.
Every family of labourers requires a small plot of land to grow bhutla on; in
fact, the low wages mentioned above are conditional upon such land being granted
rent-free. Within the coal area, there are not many good sites for settlements; and
should the coal be worked on an extensive scale, a fringe of cultivable land to the
north and west of the coal-field at Chankiang and Makum would be required.
With regard to mining, some of the conditions appear to be distinctly in favour
. .
of the coal, while others are quite as distinctly against it.
The disturbance which the coal and associated rocks have
suffered is by no means an unmixed evil. Owing to its crt1shed condition it can be
easily dug out with picks and kodalis, so that the cost of extraction would be much
less than^n the Raniganj and Giridih mines. On account of its high dip, the Dar
jiling coal has been brought to the surface ; consequently, it will not, as a rule, be ne
cessary to sink shafts through unproductive rocks, and a very heavy item of expense
will thus be saved. The powdery condition of the coal is favourable for coke-mak
ing ; and water for the kilns or ovens could be brought down from a higher level
than these in bamboo or iron pipes at a comparatively trifling cost. On the other
hand, owing to the crushing which the coal and the associated rocks have undergone,
these (especially the shales) are not likely to aflord a firm roof in deep mining, and'
extensive timbering will be necessary. There being reserved forest, however, on all
sides, timber will be cheap.
1 Op. cit., p. 58.
I
5 Vide ante, p. 8.
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The Basic Eruptive Rocks of the Kadapah Area, by PHILIP LAKE, B.A.,
F.G.S., Geological Sur-Uey of India.
In Southern India there were at least two great periods of eruption of basic rock
before the time of the Deccan trap. The first eruption took place in the Dharwar
and the second in the Kadapah epoch. Before Dharwar times, and also between
the Dharwar and Kadapah epochs, there were many dykes injected into the crystalline
and schistose rocks of the country, but they are at present unconnected with any
contemporaneous flows, and may never have reached the surface.
The contemporaneous traps of the Kadapahs are all found in the Poolumpett
beds of the Cheyair group. In the rocks below these there are many intrusive dykes
but no flows, while above the Cheyair group no traps of any kind are found among
the Kadapah rocks. A full account of the relations of these traps to the beds in
which they occur is given by Dr. King in his Memoir on the Kadapah and Karnul
rocks.1
The chief of the contemporaneous flows are those of Jootoor and Palamodu.
Adopting Mr. Teall's classification,8 the Jootoor trap is an olivine-dolerite, or
Jootoor tra *
olivine-gabbro. It is a fine-grained holocrystalline rock
composed chiefly of olivine, augite, and plagioclase felspar,
but containing also "opacite " (probably magnetite) and a little mica. The specific
gravity is 2'q, and the percentage of silica is 45 59.
The olivine, which seems to have crystallised out before the augite and felspar,
occurs in rounded grains, which are frequently clouded at the edges. Along the
cleavage cracks opacite has been developed in great quantity, but there is no sign of
alteration into serpentine. The olivine granules are sometimes included in the
augite and felspar.
The augite generally forms large ophitic masses, but occasionally occurs in fairly
well-defined prisms. It is of a very pale brown colour. The cleavage is generally
irregular. One section of a twinned prism which shows the prismatic cleavages,
making an angle of 89° with each other, also shows a striation parallel to the
trace of the twin-plane, i.e., to the orthopinacoid (100). In this it resembles diallage, but the striation is not very marked. Opacite is developed along this lamina
tion, and also along irregular cracks which cross most of the sections of augite.
The felspar is not abundant, and there are not enough crystals for the determina
tion of the species. It is twinned on the albite plan.
A little brown dichroic mica is also found. Opacite is sometimes developed
along its cleavage planes.
The opacite, as already mentioned, occurs along the cracks and cleavage planes
of the ferro-magnesian constituents, especially the olivine. It is mostly in the form
of a fine dust, but occasionally forms little needle-shaped crystallites. It is probably
• magnetite, and has evidently been formed by the alteration of the olivine, &c.
Greenish chloritic matter also occurs in the rock, but is not abundant.
1 King. Mem. G. S. of I., VIII.— The specimens on which the descriptions in this paper
are based were collected by Dr. King, and are now in the Indian Museum.
* British Petrography, p. 70.
» Mem. G. S. of I„ VIII, p. 196.
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The Falamodu trap is a dolerite without olivine. It consists chiefly of augite in an
,
, trap.*
, ,
earthy
base, has evidently
Palamodu
, ' , base., , The
,
, , been
. , formed by' the
alterat1on of felspar, and remnants of plag1oclase crystals are
seen in it. Besides the augite, there is also a serpentinous mineral which seems to have
been formed by the alteration of the augite. The specific gravity of the rock is 2'Q.
The augite occurs in crystalline masses without crystalline outlines. Very often
the plagioclase crystals, or the earthy pseudomorphs of these, penetrate the augite,
and it is clear that the augite crystallised out after the felspar. The rock is, there
fore, ophitic (diabasisch-kornig of Rosenbusch). Besides the prismatic cleavages,
there are shown in some of the augite sections sets of dark lines parallel to the
planes, too and O1o. These are not always easily distinguished from the prismatic
cleavage ; but in one section which shows the two sets of dark lines at right angles
to each other (and in convergent polarised light gives an optic axis a little outside o^
the field), the extinction is parallel to these lines, and the lines are therefore not
parallel to the prism (no). The development of planes parallel to the pinacoids
suggests that the augite may be rhombic ; but this is not the case. In sections out
of the zone 100,010 (with the cleavages parallel) the extinction is not always paralle
to the cleavage ; and when it is parallel, the section shows an optic axis in conver
gent polarised light. The augite is therefore monoclinic. Its double refraction is
positive and strong.
It is probable that the dark lines are generally developed, parallel to only one of
the planes 100, 010 ; for in most of the sections only one set of these lines is visible.
The augite, separated as well as possible from the other components of the rock,
was found by Behrens' microchemical methods to contain Ca, Mg, and some Al.8
The amount of Al found was small, and it may have come from the other materials
of the rock, which could hardly be completely separated from the augite. The
augite is not highly aluminous.
In many cases the augite -is partly altered into a fibrous-looking earthy substance,
the fibres apparently lying nearly at right angles to the vertical axis.
The final product of alteration of the augite is a fibrous-looking mineral penetrated
by little veins of what appears to be the same mineral oriented differently. The
colour is greenish yellow, and the mineral shows a feeble pleochroism. The extinction
is parallel to the fibres or cleavage. In convergent polarised light, the mineral is
found to be bi-axial ; and as the extinction is straight, it must be rhombic. It is
probably bastite.
The felspar is almost entirely decomposed, and the species cannot be determined.
There are besides the plagioclase, a few grains of clear felspar without any definite
form and without any twining. This is probably of secondary origin. There is
also a little quartz, which may have been set free during the alteration of the felspar.

1 Mem. G. S. of I., VIII. p. 198.
1 Being unable to procure any caesium chloride, I was obliged to use rubidium chloride
instead as a test for Al. For suggesting the use of rubidium chloride I am indebted to Mr.
P. Bruhl of the Civil Engineering College, who kindly gave me a specimen. 100 parts of
water at 17° dissolve o'd9 parts of caesium alum or 2*27 parts of rubidium alum (Watt's Diction
ary of Chemistry, after Redtenbacher), so that the test with caes1um is about 37 times as delicate
as that with rubidium. With caesium oo1 milligrammes of Al- O3 can be clearly proved, and
therefore with rubidium 0^37 milligrammes can be detected. In the present case the drop of
liquid was allowed to evaporate slowly, almost to dryness,
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At Betumcheru, in Karnul District, is another mass of trap, which also appears
Betumcheru tra
t0 ^e comemporaneous an^ of Poolumpett age. This rock is
composed chiefly of plagioclase and augite. There are two
specimens in the Museum, one obtained at Betumcheru, and the other three miles W.
S. W. of Betumcheru. The former is fine-grained and holocrystalline (Sp. gr. 3*0),
while the latter is compact and contains amygdaloids (Sp. gr. 27).
In the first specimen the augite very much resembles that of the Jootoor trap.
It has crystallised after the felspar, and forms ophitic plates. The felspar crystals
frequently penetrate it. It is often partly decomposed into a clouded greenish sub
stance which is dichroic.
The plagioclase occurs in long lath-shaped sections with numerous twin-lamellae.
The maximum extinction found in the zone 100,001, referred to the trace of the plane
010, was about 29°, and the plagioclose is therefore labradorite, or possibly a more
basic felspar.
Magnetite is scattered through the rock in nests.
The second specimen (3m. W. S. W. of Betumcheru) is very finely crystalline.
Almost all the augite appears to have been converted into chlorite, and the rock is
practically composed of plagioclose microliths in a chloride base. Magnetite is
scattered through the rock in small grains and in skeleton crystals. A few grains
of a brownish granular substance fill up the interstices of the rock, and there is also
a little hcematite present.
The amygdaloids are composed of quartz, or quartz and chalcedony, in alternate
layers. In some cases chlorite fills up the spaces between the quartz crystals.
From these descriptions it will be seen that the Kadapah traps are essentially
plagioclase augite rocks. The Jootoor trap contains olivine, and in parts of the
Betumcheru mass the augite has been converted into chloritic or, possibly, serpentinous matter. But this does not alter the character of the rock.
The augite appears to be non-aluminous or but slightly aluminous, and is allied
to diallage. The felspar is basic, and in parts of the Betumcheru trap, and probably
in the other traps also, is allied to labradorite or bytownite.
The occurrence of these highly magnesian traps in the Kadapahs is interesting
in connection with the presence of serpentinous and steatitic rocks in the Paupugnee beds, which lie below the horizon of the contemporaneous traps. Dr. King1
shows that where the Paupugnee limestones and slates are in contact with trap, they
are frequently seamed and veined with serpentine. Steatite also is abundant in places.
The Paupugnee traps are intrusive, and there can be little doubt that they are of the
same age and character as the Cheyair traps ; and the serpentine and steatite are evi
dently derived from the augite and olivine forming so large a part of them.

The Deep Boring at Lucknow, by R. D. Oldham, A.R.S.M., Deputy
Superintendent, Geological Survey of India.
An experiment of considerable practical and scientific importance has lately
been carried out by the Municipality of Lucknow, which has put down a boring,
1,300 feet in depth, in search of an artesian water-supply. A section of this boring,
received from the President of the Municipal Board, is here published and deserves
some comment.
1 Loc. cit., pp. 164—166.
E
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Our late Director, Mr. H. B. Medlicott, always maintained that artesian water
could be obtained by deep borings in the Gangetic plains, the failure of those put
down as yet being due to their unfavourable situation. Though it is extremely im
probable that the Gangetic alluvium has that structure which would have been most
favourable for the production of an abundant supply of artesian water, and was at one
time believed by Mr. Medlicott to be the actual structure, yet it has been recognized
that the analogy of previous experience in other alluvial plains justified the hope
that water would be obtained under sufficient pressure to rise to the surface ; the only
difference of opinion being as to the probable abundance of the supply.
It will be seen from the record that, as the boring progressed, water steadily rose
in the bore hole till, between 1,189 and 1.202 feet, a bed of quicksand was passed
through, from which 10 gallons per minute flowed from the top of the bore hole.
This is of course a miserable supply to be obtained from so expensive a venture,
but does not by any means represent the true capacity of the bed, owing to the
want of judgment shown in the selection of the points at which the size of the
casing was reduced. I find that the bottom of the 12" pipe is at 408' 8" in "fine
sandy silt;" of the 10" pipe at 798' 1" in " quicksand with abundance of mica," and
the 8" pipe ends at 898' in " kankar, hard, with a little sand." All these are perme
able beds, one freely so, in which the water had not sufficient pressure to rise to the
surface ; at all these! junctions there must have been leakage, and the 10 gallons a.
minute, barely flowing at the surface, do not truly represent either the pressure or
the discharge of the 4" pipe at the bottom of the well.
In the current newspapers this boring has been stigmatised as a failure ; such it
doubtless is if regarded as a source of water-supply, but as an experiment it has
been conspicuously successful. It has established the fact that at 1,200 feet there is
water under sufficient pressure to flow at the surface ; it is probable the succeeding
water-bearing strata, which would be struck by a deeper well, would yield water at a
higher pressure ; and, even if the pressure and supply so obtained be insufficient, an
abundant supply of pure water will be obtainable by pumping.
In sinking a fresh well, as has been decided on, it will be necessary to start with
a larger size of bore hole, and to show greater judgment in selecting the points at
which the casing is reduced in size. The boring just abandoned appears to have
been made with an ordinary chisel bit, and the casing driven close behind the head
of the boring till it would go no further ; but, in such stuff as was passed through,
there seems no reason why an expanding bit should not be used, thereby reducing
the friction against the outside of the casing and increasing the distance to which
each separate size could be driven.
There are two points of theoretical interest connected with this boring. They
are (1) whether the head of water comes from the northern or southern margin of
the plains, and (2) whether the bore hole has not nearly reached the base of the
alluvium.
With reference to the first. It has now been established that the formation of
the depression, now occupied by the Gangetic alluvium, has proceeded pari passu
with the elevation of the Himalayas, and that it has extended southwards by the
gradual subsidence of the northern limit of the peninsula rock area. On its northern
boundary the history has been different: the deposits formed at the foot of the
Himalayas during the Siwalik period, which were originally part of the Gangetic plain,
have been compressed, elevated and cut off from their continuation under the,
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at present, undisturbed deposits at the foot of the hills. There is consequently no
reason for supposing that the gravel and sand deposits of the bhklar continue under
the alluvium ; on the contrary, there is every reason to suppose that they have been
deposited over a comparatively impervious deposit of clay and silt with occasional
beds of sand. Yet, owing to the want of continuity of individual beds, their
lenticular shape and their great horizontal extension as compared with their vertical
thickness, it is possible that the water would find an easier, if tortuous, underground
passage in a direction parallel to the bedding than transverse to it, and so the head
might be derived from the northern margin of the plains.
On the other hand, the manner of the southward extension of the alluvium
through subsidence of the surface would lead to the formation of a zone of coarse
grained sand, and possibly gravel deposits, overlaid by finer-grained impervious
clays. This structure would be particularly favourable for artesian conditions,
although the elevation of the southern margin of the plains is much less than that of
the northern.
As things stand then, we have a greater effective head to the north, but a more
tortuous passage for the underground water, and consequently a greater loss of head ;
to the south the effective head is less, but, if the bore hole has reached nearly to the
base of the alluvium, a more direct passage for the water and less loss of head by
friction. The single boring put down is insufficient to decide between these two
alternatives.
As regards the second point, whether there is any great thickness of alluvium
below the bottom of the bore hole, this may be decided by the next boring, which,
it is to be hoped, will be carried to a greater depth than the present one. At present
the question is more or less one of conjecture, but the frequent reference to " coarse
sand," in the lower part of the boring, points to a closer proximity of the margin of
the alluvium than is at present the case, and consequently to an approach to the
base of the alluvium. If my supposition is correct, the total thickness of the allu
vium under Lucknow would not be more than 2,000 feet at the outside, and probably
some hundreds less than this.
Record of the Lucknow Artesian Well.

Descr1pt1on of so1l.

Made earth, Old Fort embankment
Sandy clay ....
Kankar, mixed with clay
.
Sand and clay, alternate thin layers
Quicksand, micaceous .
Sandy clay ....
Clay, with a little fine sand
Sand, with a very little clay
Quicksand, fine
.
.
.
Clay
Clay, with scattering kankar nodules
Kankar
.
.
.
.
Sandy clay .
.
.
.
Kankar and clay, mixed .
.
Sandy clay ....

Colour.

Brown
Yellowish brown
Bluish gray .
Brown
Gray .
Brown
.
Yellow
Gray 4
Yellow
Whitish
Bluish brown
Bluish gray
Yellow
Bluish gray
Yellowish .

Thick
Total
ness of depth.
stratum
04
n\
2
H
2
«9
S
14
5
7
6i
1i
1
2

24
41*
48
50
64
66
85
90
104
109
116
, t16i
118
119
121
E 2
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Record of the Lucknow Artesian Well—continued.

Descr1pt1on of so1l.

Sand, clean .
Sandy clay
Quicksand .
Silt, fine
.
Quicksand, fine
,water 61 ft.
Sand, with a little clay
Clay and silt mixed
Clay carrying abundance of nodules
Sandy clay .
.
Quicksand, very fine
water 42ft.
Quicksand, coarse .
Clay
....
Silt, fine ....
Sand clay, hard
.
.
Clay and sand, mixed
Sand, free and hard
.
Sand, with a little clay, soft
Sand, free and hard
Sand, soft
.
.
.
Sand, free and medium hard
Sand, quite hard .
Sand, coarse and nearly as hard as rock
Sand, medium, hard
.
Sand, fine
.
.
Sand, medium, hard
Sand, soft
.
.
Clay and silt, fine .
Sand, coarse and very hard
Sand,
do. medium hard
Sand, coarse and hard .
'
Sand, coarse, alternate hard and soft layers
Sand, carrying abundance of nodules, hard
Sand and silt, fine
Sand, medium, hard
Sand, very hard, coarse
Clay and silt, fine .
Sand, coarse
.
Sand, coarse
water 24ftSand, hard .
.
,
Sand with a little clay, fine
Sand, hard
Silt, fine
Silt, fine, with occasional nodules
Sand, fine and hard
Sand, fine and medium hard
Silt, fine
...
Silt, with abundance of nodules
Sandy silt, fine
.
Clayey silt, fine
Clayey silt, fine
Sand, coarse and hard
Sand, with a little clay, rather coarse
Sand, fine and very hard
Sand, fine and medium hard
Sand, coarse and medium hard
Silt, fine
.
.
Sand, hard

Colour.

Gray .
Brown
,
Gray .
Yellowish brown
Yellowish brown
Yellow
Yellow
Yellowish (light)
Yellow
Yellowish Cight)
Gray .
,
Whitish
Brown
•
Brown
.
Yellow
Gray .
.
Brown
.
Gray .
.
Gray .
.
Gray .
Gray .
Gray .
.
Gray .
Brown
.
Gray .
.
Brown
.
Light yellow
Gray .
•
Gray .
•
Gray .
Gray .
.
Gray .
Light yellow
Gray .
.
Gray .
Yellow
Gray .
Yellow
Gray .
Yellow
Gray .
Brown
•
Brown
•
Gray .
.
Gray .
.
Gray .
.
Gray .
Yellow
Reddish brown
Yellow
Gray .
Gray .
Gray .
,
Brown
.
Brown
,
Brown
•
Gray .

Thick- Total
ness of
stratum depth.

3
24
4
6
5
6
9
8
4
6
ll
4
7
7
4
1
1
2
1
a
a
10
6
3
4
4
2
S
a
9
81
8
3
9
7
3
17
a
5
4
4
6
a
a
21
4
a
30
32
I
7
2
8
9
2
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Record of the Lucknow Artesian Well—continued.

Descr1ption op so1l.

Sand, with a little clay
Sand, very hard (like rock)
Sand, with occasional very hard thin layers
Sand, free and medium hard
Sand, 6ne and soft
.
.
Sand, medium hard, free
•
Sandy silt, fine
Sand, fine and hard, with a little clay
Sand, fine and hard, free
Sand, medium hard, free
Clayey silt, very fine
.
Sand, medium hard, free
Silt, fine and soft .
.
Sand, fine and hard
Sand, very hard, like rock
Sand, hard and free
Sand, medium hard, free
Sand, very hard, like rock
Sand, medium hard, free
Sand, micaceous, with kinkar nodules
Sand, fine and medium hard, free
Sand, coarse, with hard layers .
Sand, coarse and very hard, like rock
Sand, extremely hard and fine, rock
Sand, fine, with abundance of kankar
Sand, fine, with very many hard kankar nodules
Sand, rather coarse, medium hard, with some kankar .
Sandy silt
........
Sand, medium hard, free .
.
.
water 13 ft.
Kankar, hard
....
Sand, with layers of kankar nodules .
Sandy silt, with abundance of mica .
Sand, with occasional kankar nodules
water p ft.
Quicksand, with abundance of mica .
Kankar, hard, with a little sand
Sand, sottish and free
.
.
.
Sand, with abundance of nodules
Silt, very tenaceous
Kankar, very hard
.
.
,
Sand, sottish, carrying some mica .
Clayey silt, very tenaceous
Kankar, hard, with thin streaks of sand
Sand, hard, and free
.
.
.
Sand, midium, hard
.
,
.
Kankar, hard, with a little sand
Sand, medium, hard, w1th streaks of silt
Kankar, hard, with a little sand
Sand, fine, medium hard, with a little silt and
nodules
Kankar, solid bed, hard as rock
Sandy silt, very fine
.
.
.
Limestone, medium hard
Sand and limestone, alternate thin layers
Sandy silt, very fine
Sand, coarse
water 2 ft.
Sand, coarse, abundance ot kankar, some mica
Quicksand, coarse
water 5 ft.
Sand, coarse, abundance of kankar nodu'es
Sand, coarse and free
water 5 ft.

Colour,

Gray .
Gray .
Gray .
Gray .
Gray .
Gray .
Yellow
Gray .
Gray .
Yellow
Light yellow
Gray .
Yellow
Brown
Brown
Brown
Brown
Brown
Brown
Yellow
Yellow
Gray .
Gray .
Yellow
Brown
Brown
Brown
Brown
Yellow
Bluish gray
Yellow
Gray .
Yellow
Gray .
Light gray
Gray .
Brown
Brown
Bluish gray
Yellow
Yellow
Bluish gray
Yellow
Yellow
Bluish gray
Yellow
Bluish gray
Yellow
Bluish gray
Brown
Gray .
Gray .
Yellow
Gray .
Gray .
Gray .
Gray .
Gray .

Thick
ness of
stratum.
9
1
7
6
3
3
14
ta
36
9
1s
4
13
a
a
14
4
1
18
8
4
8
a
5
10
10
B5
1S
,7
1
10
5
9
6
6
2
8
8
1
3»
7
3
5
7
3
14
6
«7
a
7
5
6
»3
1S
1S
27
23
'5
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Record of the Lucknow Artesian Well—concluded.

Descr1pt1on op so1l.

Kankar, solid bed, very hard .
.
.
Limestone, soft, commonly called rotten limestone
Rotten limestone, frequent hard streaks, some nodules
Limey silt, i.e., limey clay with a little fine sand .
Kankar, solid bed, very hard
.
Limey silt, with occas1onal hard nodules .
Limestone, medium, hard
.....
Limey silt, alternate hard and soft thin layers .
Kankar, solid bed, very hard
Limey silt, hard and soft layers, some nodules, water l\ft.
Limey silt, with occasional hard streaks
Quicksand, coarse, with abundance of mica
.
•
Sand, coarse, medium hard, with nodules .
.
Quicksand, coarse, with abundance of mica—voter,
flowed 10 gals, per minute at surface .
.
.
Sand, coarse, in hard and soft layers
.
.
Sand, fine, rather hard, with streaks of silt
Clayey silt, very fine, compact and uniform

Bluish gray
Gray .
.
Gray .
•
Yellowish brown
Bluish gray .
Yellow
Gray .
.
Yellow
Bluish gray
Grayish brown
Yellow
Yellow
Gray .
.
Gray .
Gray .
.
Brown
,
Grayish brown
C. A. B. OLIVER,
Secretary, Municipal Board,
LUCKNOW.

* S1c In or1gIn.

SUPPLEMENTARY NOTE.
Since the above article was sent to press, I have had an opportunity of visiting the works
at Lncknow. No decision has been come to as yet about making a second boring ; but the fact
of a sheet of rising water having been struck certainly warrants a second and deeper trial,
if only on the general ground of its possibly placing the province in a more hopeful condition
of tapping water at places within an ascertainable range of the Lucknow level, or in the lower
extent of the Gangetic plain. The cutting of the strata in the bore hole was so severe that the
samples brought up have been reduced to great fineness ; but it does not seem that any
very coarse sands were met with : and thus it is not at all clear that the boring has touched
anything like the lowest beds of the Gangetic alluvium.
Mr. Trowbridge, the Engineer in charge of the weW-works, has explained away Mr.
Oldham's doubts as to the proper enlargement of the hole at foot of tube ; and apparent want
of judgment in selecting points for insertion of tubes of decreasing diameter. There is a steel
cutting shoe at the foot of the tubing which is quite powerful enough to cut out space for the
descent of tube ; while the larger tubes or drive pipes having been driven as far as possible,
insertion of smaller tubing became necessary when the usual precautions as to sufficiency of
overlap were observed, simple enough problems in well-boring, with so certified and experi.
enced a specialist as Mr. Trowbridge.—Editor.
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Preliminary Note on the Coal Seam of the Dore Ravine, Hazara, by C. S.
MlDDLEMiSS, B.A., Geological Survey of India. (With two plates.)
Mr. D. Morr1s, Executive Engineer in charge of Coal Mines, North-Western
Railway, and Mr. C. Jones, Assistant Engineer, Hazara Sub-division, have each
described the occurrence of the coal in the Dore ravine as lying with the adjacent
limestones in the form of an anticlinal arch cut through by the river action. This is
a very pardonable mistake ; for the first view up the valley as we go east from
Dhamtour certainly gives one this wrong impression. On the north side of the
river we see a dip to the north or north-west, and on the south side a dip to the
south-east—facts which easily lend themselves to the above conclusion.
Previous experience of Himalayan sections had prepared me for putting but
slight faith in an apparently simple condition such as this ; but before I could get to
work to unravel even the circumscribed area embraced in this note, it was necessary
to become thoroughly acquainted with the normal lie and sequence of the strata.
This was not so easy a task as I expected : 1 was delayed by many slight mistakes
and imperfect representations of the rocks in Mr. Wynne's unfinished map of the
district, and by the inclement season of the year, which made hill-traversing difficult.
Being now in a position to lay bare the essential points in the rock-structure of
the Dore ravine near Hewson's and the Public Works Department mines, I take the
opportunity of this short note to state the case as briefly as possible, leaving all
detailed remarks, and the purely scientific aspect of the questions involved, for a
subsequent finished report.
Round about the Dore valley and neighbourhood there are very many exposures
of carbonaceous shales with associated sandstones, which from fossil evidence have
been assigned by Dr. Waagen to the Jurassic epoch, and as the probable equivalents
of the Spiti shales. It is necessary once for all to state that these black and coalylooking strata have nothing to do with the Dore coal. Their horizon is much lower
in the natural chronological sequence of the rocks. The real coal-bearing stratum,
as exposed in Hewson's mine, the Public Works Department mine, and in other
localities, is at the surface a very unsuspicious-looking, rather coarse, variegated
white and red sandstone ; sometimes weathering into a hard rock of millstone-grit
type, and sometimes crumbling into a loose sand or sand-rock mixed with clay in
patches. It is usually about 6 feet thick. In some places specks, blotches and
patches of coal or carbonaceous clay can be seen in the river cuttings, but not often ;
whilst on the higher hill-sides the sandstone rings under the hammer and gives no
token of mineral wealth below.
In the vertical section (PI. 1), I have expressed the lithological features and
the chronological sequence of the rock formations above and below the coal as they
would appear in a perfectly undisturbed normal section. This is the order in which
they are seen some little distance above Hewson's mine, constituting the high mural
scarps on the right bank of the Dore ravine, with the exception that they are tilted
up sharply with a dip of about 40° north-north-west at the surface of the ground.
In such guise they are drawn on the right-hand side of the horizontal sketch
section (PI. 2). On the left-hand side of that section, which coincides with the
south bank of the Dore ravine, the same rocks are observable ; and from their
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dipping in the opposite direction at the surface arose the misconception that an
anticlinal fold was therein implied. It will be seen, however, that the order of the
strata on the left side of the section is not the same as on the right side. In fact,
it will be seen that the order is inverted. This is the whole secret of the matter.
The difficulties implied by such a structure are fatal to the development here of
a large and important coal-field ; for such a structure tells a tale of so intense a
crushing of the mountain region that all the rocks have come within 1o° or 200 of
the vertical when traced to the deep. Had the crushing of the region been less
severe, we should have had the strata thrown into gentle folds of anticlinal and
synclinal, and a coal basin might have been possible. As it is, the strata have been
bent back upon themselves and have split along fold-faults marked F on the
horizontal section (Pi. 2).
It is owing to the tendency of the free edges of rock beds to subside slightly
down hill that we have the comparatively gentle dip of about 40° at the surface both
in Hewson's and the Public Works Department mines. Whereas gorge-like sec
tions, such as that in the Hertoh (Hamo) R., show that when the heart of the moun
tain is reached the dip is very nearly vertical.
The question has been mooted whether these coal exposures are mere dis
continuous " pockets," or whether they belong to a true seam which may be trusted
to continue for some distance. I have no hesitation in saying that the latter is the
truth wi1h regard to them. They are not of the nature of the coal that many years
ago was reported in the Upper Tertiary Sandstones in the vicinity of Murree, but
which was proved by Mr. Medlicott to be of the "pocket" nature, due to the
entombing of a stray tree-trunk or two. On the other hand, they are undoubtedly
portions of a continuous band or seam of coal of lower nummulitic age, well known
in the Salt-Range and the Jamu area. Possibly this seam may here and there local
ly prove to have been nipped out to nothing and to have swelled in the neighbour
hood beyond its proper thickness.
From the structural considerations given above, it follows that in working the
coal on the north side of the river the engineer must be prepared for the dip of the
bed becoming continuously steeper, until within about 200 or 300 feet from the sur
face it assumes an angle of 700 or 8o°; whilst ou the south side it will reach the
vertical about the level of the Dore ravine (in the neighbourhood of the Public Works
Department shaft), then pass the vertical, until it rests at 700 or 8o°, dipping in the
same direction as the coal on the north side. After this it will become cut off by
the fold-fault along the river.
These circumstances will, of course, necessitate deep and expensive working, bu
I have a sanguine belief that a large supply of serviceable fuel may be extracted
from these outcrops.
The locality of the Public Works Department mine should be first tested by an
adit driven in at the river level.
On the north side of the river the outcrop from Hewson's runs away north-west
up the hill slope, by what will probably be found to be a set of broken lengths.
East of Hewson's there is a cross-fault running up the stream towards the north
west with an upthrow to the north-east of about 300 feet. Hence the coal-bearing
bed has to be sought at a considerable height above Hewson's in that direction. In
my full report these details will be illustrated by a map. At present I may say that
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the bed follows the base of the first inaccessible scarp found up the stream north of
Hewson's. It gradually descends towards the stream-bed west of Mohar village.
Should the exploitation of the coal be undertaken soon, I can give particular
directions on the spot as regards further operations.

♦

GEOLOGICAL SURVEY OF INDIA DEPARTMENT.

TRI-MONTHLY NOTES.
5. End1ng 31sT October 189o.
Director's Office, Calcutta, 31st October 189o.
The staff of the Survey is at present disposed in the following parties :—
Madras Party.— R. B. Foote, F.G.S., Senior Superintendent, Bellary District.
Burma Party.—Theo. W. Hughes Hughes, A R.S M., Superintendent.
Fr1tz Noetl1ng, Ph.D., Palaeontologist.
Baluchistan Party.—R D. Oldham, A.R.S.M., 1st Grade Deputy Superin
tendent.
Sub-Assistant Kishen Singh.
Sub-Assistant Hira Lai.
Hazara Party.—C. S. M1ddlem1ss, B.A., 2nd Grade Deputy Superintendent.
Darjiling and Siikim.—P. N. Bose, B.Sc., 2nd Grade Deputy Superintend
ent.
Head Quarters, Calcutta.—The Director.
C. L. Gr1esbach, CLE., Superintendent.
T. D. LaTouche, B.A., 2nd Grade Deputy Super
intendent.
P. N. Datta, B.Sc., Assistant Superintendent.
T. H. Holland, Assistant Superintendent.
The Director was on tour in the Madras Presidency in August and September,
a good part of the time being spent at Hyderabad in connection with the question
of demarcating the limits of the Singareni Coal-field and the auriferous tract of
Dharwar rocks in the Raichur Doab. The settlement of the leasing of this coal-field
and the gold area, following on the completion of the prospecting lease granted by
His Highness the Nizam's Government to the Hyderabad (Deccan) Company, had
come before the Resident, Sir Dennis Fitz-Patrick ; and it was contended by the
Hyderabad (Deccan) Company that no definite limitation of these areas could be
made by a geologist or indeed anybody else, for which rather novel opinion they
relied on their mining expert, who had paid a short visit to the country. The
Singareni Coal-field being, however, an isolated tract of the lower Gondwana series
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entirely surrounded by crystalline and metamorphic rocks on which also the cOs
rocks lie, there is really no difficulty in determining an encircling rim of these latt
rocks, within which the coal-field lies and outside of which there are no branches <
outliers.
Similar objections, which are however somewhat more reasonable, were raise,
with regard to the auriferous tracts of Dhdrwars in the Raichur Doab ; it being c
course impossible to say definitely that there could be no gold in the quartz-reef
and other fissure infiltrations among the rocks outside of the known area of Dhar
wits. The prevalence and restriction of auriferous reefs within certain tracts of th<
Dharwar series is, however, so well established now, that the selection of sites
for gold development must, for all practical purposes, lie within the Dharwdr belts ;
while the area of these has been determined with sufficient accuracy in the Rai
chur Doab, for all purposes of mineral concession or leasing. In other words, there
is really no use in looking for auriferous reefs outside this tract in the Doab.
The reported occurrence of coal in the Coimbatore District was found to be
attributable to the long-known exhibition of poor seams of lignite in the patches of later
tertiary strata occasionally found in the adjacent Malabar District ; at least, the loca
lity mentioned appears to be really in the Malabar District ; and until more definite
information regarding it is available, further examination is unnecessary.
Arrangements were made for an immediate visit to the reported gold tract in
Kolegal where, as it turns out, the old mine workings are in reefs which do not
traverse the Dharwdr series. Mr. Foote will carry on his survey of the continuation
of the Mysore gold tract into British territory in the Cuddapah District.
The boring for an artesian well at Lucknow was visited in October, with a view
to advising the Government of North-Western Provinces and Oudh regarding the
sinking of another well. The first boring, on reaching a depth of 1,189 feet, struck
a porous stratum from which good water rose to a height of 29 feet above the hotweather level of theGumti river, which, however, only flowed out at the rale of 10
gallons a minute. This supply being far below the quantity required, the bore hole
was run down to 1,336 feet, in the hope of reaching a better and freer discharge, but
without success, when it was found impracticable to drive the tubing deeper. The
proposal has now been put forward, that a fresh attempt should be made with tubing
of a larger diameter, which it is assumed may, under the experience gained, be run
down to about 2,000 feet.
This will, of course, entail a larger outlay : but, seeing that the fact of the exist
ence of a sheet of water, with a head, has been now proved to exist under the
Gangetic alluvium, the legitimate inference is that others will be met with at a
somewhat greater depth likely to yield the larger and freer discharge desiderated.
The settlement of this question of underground water-supply is of such vital im
portance to the province itself and to the next lower tracts of the Gangetic plain, that
a stoppage of the exploration on its present stage would only leave room for re
newed—and then inexperienced—attempts in the future.
Mr. Theo. W. H. Hughes is expected back from leave about the middle of Nov
ember. He will proceed direct to Mergui via Penang to resume his exploration
for tin.
Mr. C. L. Griesbach will shortly leave to take up work on the N.-W. Frontier,
stopping on the way to examine the reported find of coal in Pinjaur.
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Mr. R. D. Oldham has been deputed to accompany the Zhob Expedition, with
a view to examining the reported occurrence of oil in that country.
Mt. T. D. LaTouche proceeds to Ranchi in order to take up the thorough ex
ploration by borings and small pits of the Daltonganj Coal-field. It has been
arranged that an officer of the Public Works Department should accompany MrLaTouche in order to superintend the putting down of borings at the places
indicated by that officer. For this purpose, one of the new sets of boring plant
recently received from the Secretary of State for India will be used.
Mr. P. Lake, on return from privilege leave early in January, will probably be
deputed to Burma in place of Mr. LaTouche.
Mr. P. N. Datta will also be leaving about the middle of November for Assam,
where he has been deputed to examine certain coal outcrops in the Garo Hills.
Mr. T. H. Holland, who was recently appointed to this Department by the
Secretary of State for India, joined his appointment in October. He has, for the
present, been placed in charge of the Museum and Laboratory.
List of Reports and Papers sent in to officefor publication or record
during August, September, and October 189o.
Author.
R. B. Foote

R. D. Oldham .

Disposal.

Translation, from the German, of
Note by Dr. Johannes Walther
" On veins of graphite in decom
posed gneiss (Laterite) in Ceylon."j
Note on the Deep Boring at Luck-

Will be published in the
" Records of the Geologi
cal Survey of India," Vol.
XXIV., part 1.
Published in the "Records
of the Geological Survey
of India," Vol. XXIII.,
part 4.
Ditto
ditto.

Report on the Darjiling Coal be
tween the Lisu and the Ramthi

P. N. Boss

C. S. MlDDLEMISS
P. Lake

Subject.

.
s

P. N. Datta

R. LYDEKKER

Extracts from Journal of a trip to Will be published in the
the glaciers of Pandim, Kabru, " Records of the Geologi
cal Survey of India," Vol.
&c.
XXIV., part 1.
Note on the coal seam of the Dore Published in the " Records
River, Hazara.
of the Geological Survey of
India," Vol. XXIII., part 4.
Note on the basic eruptive rocks
Ditto
ditto.
of the Kaddapah area.
Report on the Geology of South Will be published as " Me
Malabar.
moirs of the Geological
Survey of India," Vol.
XXIV., part 3.
Compilation of Index to the first Published as a Supplement
twenty volumes of the " Records with the " Records of the
of the Geological Survey of In
Geological Survey of In
dia."
dia," Vol. XXIII., part 4.
Note on some fossil Indian Bird Published in the " Recordsof the Geological Survey
Bones.
of India," Vol. XXIII.,
part 4.
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List of Assays and Examinations made in the Laboratory, Geological
Surrey of India, during the months of August, September, and Octo
ber i89O.
Substance.

For whom.

Alluvial soil, for gold
Mack1ll1can & Co., Calcutta.
Quartrose schist, (or F. C. Lethorn. Calcutta.
gold.
Coal. from a mine about Commissioner and Superin
3 miles due east from tendent, Delhi Division.
Kalka, on tbe right
bank of Kassolia river
in Kawli Forest.

Result.

3O34
1 768
3993
4006

Moisture .
Volatile matter
Fixed carbon
Ash .
Total
Ash—dark red.
Does not cake, but si

Coal, found between the Secretary to Chief Commis Moisture .
Singanama and Betul sioner, P. W. D., Central Pror- Volatile matter
Fixed carbon
Roads near Burkoe,
Chindwara District.
Ash .

100-00
slightly.
5<a
1692
4874
1872

Total

I co co
Ash—light red.
Does not cake, but sinters slightly.
Quartz, for gold .
.
Galena, in quartz .
.
1 1 specimens of minerals
for determination.
Quartz, for gold .
Pegmatite, for gold .

Mack1ll1can & Co., Calcutta.
R. W. Bachrach, Calcutta.
C T. Ambler, Monghyr.

J. M. StOney, Calcutta.
P. R1chards, 4, Clive Row,
Calcutta.
Ditto
ditto.
a specimens of minerals
for determination.
Specimen of mineral W. M. SmIth, Sub-Divisional -Garnets.
sent for determination. Officer, Deogarh.
L1eutenant Bower, through Insoluble matter .
Copper, from mines
Cu (Copper)
.
Dr. G. Watt.
Kashgar.
Pb. (Lead)
Undetermined

9817
O35
V23

J. B. Cass, 1a, Lall Bazar,
Total
Ico co
Calcutta.
K1lburn & Co., 4, Fairlie
Quartz, for gold .
Place, Calcutta.
Mack1ll1can & Co., Calcutta.
Pegmatite, for gold
A. S1mson, 4, Fairlie Place,
Quartz, for gold .
Calcutta.
E. C. Greve, 44, Wellesley
Copper pyrites
Street, Calcutta.
N. Exposure. S. Exposure.
Coal, from the Hertoh C. S. M1odlem1ss, Geological Moisture
304
294
Surrey of India.
River, Hazara.
Volatile mat
980
5-o8
ter.
Fixed carbon 80 86
n-86
Ash .
.
6*30
8012
Quartz, for gold .

Total . 1oo-oo
Does not cake. Does not cake.
Ash—br1ck red. Ash—pale bun*.

r
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List of Assays and Examinations made in the Laboratory, Geological Survey of
India, during the months of August, September, and October 1890—continued.
Substance.

Result.

For whom.

Quartz, for gold .

A. S1Mscm, 4, Fairlie Place,
Calcutta.
Quartz, for gold .
A. PeppH, Ranchi.
Gneiss, w1th copper Dr. Lamb, 5, Old Court House
pyrites, for gold and Street, Calcutta.
copper.
3 specimens of minerals T. B. Cass, 1a, Lall Bazar,
for determination.
Calcutta.
Carbonate of lead
, E. Reuben & Co., 6, Pollock
Street,

Notifications by the Government of India during the months of August,
September, and October 1890, published in the " Gazette of India,"
Part I.—Appointment, Confirmation, Promotion, and Retirement.

Department.

No. of
order
Name of Officer.
and date.

From

To

Nature
of Ap
point
ment,
&c.

With
effect
from

Remarks.

Notifications by the Government of India during the months of August,
September, and October 189O, published in the " Gazette of India,"
Part I.—Leave.
No.
Department. of order and
date.

Name of Officer.

Nature
of
Leave.

With
effect
from

Date
of
Remarks.
Return.

Revenue and 5^S., dated T. H. D. LaTouche . Privilege 2nd July
Agricultural
leave.
1890.
Department. 20th June
1890.
Ditto

J;**., ^ted
20th Octo
ber 189a

Ditto

Ditto

930-S., dated P. Lake
8th September 1890.

.

Extension 2nd Octo 9th Oc
on duty ber 189o. tober
for two
1890.
weeks.
Privilege 8th October 1890.
leave.

-
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Annual Increments to Graded Of icers, sanctioned by the Government of
India during August, September, and October 18go.

Name of Officer.

C. L. Griesbach

From

To

R

R

800

850

.

With effect from

No.
and date of
sanction.

1st Aug. 1890

R. and A. Dept.,

Remarks.

dated 12th Aug.
189a
Hira Lai

.

.

Kishen Sing

200

220

5th Sep. 1890 . R. and A. Dept.,
No- ;£S,
dated 5th Sep.
189o.

200

220

5th Sep. 1890 . R. and A. Dept.,
dated 5th Sep.
189o.

Postal and Telegraphic Addresses of Officers,
i
Name of Officer.

R. Bruce Foots

Madras .

T. W. H. Hughes

On leave.

C. L. Gr1esbach

• Umballa .

R. D. Oldham .

• Quetta (Baluchistan)

P. N. Boss

, Pankhabari

.

Ranchi

•

T. H. D. LaTouchs .
C. S. MlDDLEMIss
P. Lake

.

Nearest Telegraph Office.

Postal Address.

.

....

.

• Abbottabad

• Madras.

• - •

.

.

• Umballa.
• Quetta.
Pankhabari.
Ranchi.
Abbottabad.

.

, On leave.

P. N. Datta

• Calcutta .

• Park Street, Calcutta.

F. NOETLING

• Yenangyoung .

, Yenangyoung.

K1shen S1ngh .

• Quetta

.

.

, Quetta.

H1ra Lam.

■

.

.

Do.

.

•

Do.
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Additions to the Museum.

ADDITIONS TO THE MUSEUM.
From Ist Octobbr to 31sT December 1889.
A specimen of graphite, from between Banka and Simaltola.
Presented bv C. T. Ambler, Monghyr.

ADDITIONS TO THE LIBRARY.
From 1st October to 31sT December 1889.
Titles of Books.
Donors.
Allan, Thomas.— Mineralogical nomenclature, alphabetically arranged, with synoptic
tables of the chemical analyses of minerals. 8° Edinburgh, 1819.
Andr£, George G.—The Draughtsman's handbook of Plan and Map drawing, including
instructions for the preparation of engineering, architectural, and
mechanical drawings. 4° London, 1874.
Blanforo, Henry F.—A practical guide to the Climate and Weather of India, Ceylon,
and Burma, and the storms of Indian Seas, based chiefly on the publicat ons of the Indian Meteorological Department. 8° London, 1889.
Bosworth-Sm1th, P — Report on the Kolar Gold-Field and its southern extension, in
which the auriferous rocks are traced from the Mysore State into the
Madras Presidency. Flsc. Madras, 1889.
Madras Government.
Bronn's Klassen und Ordnungen des Thier-Reichs. Band IV, lief. 9-11; Band V,
Abth. II, lief. 23-24; and Band VI, Abth. V, lief. 32-34. 8° Leipzig,
1889.
Cass1no, Samuel E.—The InternatIonal Scientist's Directory, containing the names,
addresses, special departments of study, &c., of amateur and profes
sional naturalists, chemists, physicists, astronomers, &c., in America,
Europe, Asia, Africa, and Oceanica. 8° Boston, 1888.
D1ener, Carl.—Libanon. Grundlinien der Physischen Geographie und Geologie von
Mittel-Syrien. 8° Wien, 1886.
Fe1l, M., and Fremy, M.— On the artificial production of minerals and precious stones.
8° Pam., — 1878.
Foote, R. Bruce.—Notes on the Economic Geology of Sandur State. Flsc. Pam.
Madras, 1889.
Madras Government,
Hadf1eld, Robert Abbott.—Manganese-Steel. 8° London" 1888.
Imfet, E.—Memoir on the physical character of the Nerbudda river and valley. 8°
Bombay, 1855.
Jacobs, Henry, and Chatr1an, Nicolas. —Le Diamant. 8° Paris, 1884.
Jenyns, L.— Lecture on the Phosphatic Nodules obtained in the eastern counties, and
used in agriculture. 8° Pam. Bath, 1S67.
Keferste1n, Chr.—Mineralogia Polyglotta. 8° Halle, 1849.
K1ngsm1ll, Thomas W.—Notes on the Geology of the east coast of China. 8° Pam.
Dublin, 1862.
Kunz, Geo. F.—Precious Stones. 8° Pam. Washington, 1885 and 1888.
„
On a large Garnet from New York Island. 8° Pam. New York, 1886.
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Titles of Books.
Donors.
Kunz, Geo. F. On the new artificial Rubies. 8° Pam. New York, 1886.
„
A North Carolina Diamond. 8° Pam. New Haven, 1887.
„
Hydrophane from Colorado and Silver Nugget from Mexico. 8° Pam.
New Haven, 1887.
„
Rhodocrosite from Colorado. 8° Pam. New Haven, 1887.
„
Precious stones, gems, and decorative stones in Canada and British
America. 8° Pam. Ottawa, 1888.
LaTouche, J. D.—A hand-book of the Geology of Shropshire. 4° London, 1884.
Tom D. LaTouche.
Lea, Isaac.—Further notes on " Inclusions " in Gems, &c. 8° Pam. Philadelphia, 1876.
L1ndley, Augustus F.— Adamantia : the truth about the South African Diamond Fields.
8° London, 1873.
L1NNfe, Charles.—A general system of the Mineral Kingdom ; systematically divided into
its several classes, orders, genera, species, and varieties with their
habitations, manners, economy, structure, and peculiarities. 8° London,
1806.
L1vers1dge, Archibald.—Report upon certain of the auriferous and stanniferous tail
ings, auriferous and argentiferous copper ores, and other minerals of
New South Wales. Part II. 40 Pam. Sydney, 1876.
Lovell, Robert.—Panzooruktologia sive Panzoologicomineralogia : or a compleat history
of Animals and Minerals. 8° Oxford, 1661.
Ma1llet, M.—Telliamed : or discourses between an Indian Philosopher and a French
Missionary on the diminution of the sea, the formation of the earth, the
origin of men" and animals, and other curious subjects relating to
Natural History and Philosophy. 8° London, 175o.
Mart1n, K., and W1chmann, A.— Beitrage zur Geologie Ost-Asiens und Australiens.
Band IV, heft 5-6. 8° Leiden, 1889.
McGee, W. J.—The Geologic Antecedents of Man in the Potomac Valley. 8° Pam.
Washington, 1889.
The Author.
McGee, W. J.—The World's supply of Fuel. 8° Pam. New York, 1889.
The Author.
M1tchell, Henry.— Diamonds and Gold of South Africa : together with the Transvaal
Gold Law and other useful information. 8° London, 1888.
Mojs1sov1cs, E. V., and Neumayr, M.—Beitrage zur Palaontologie Osterreich-Ungarns
und des Orients. Band VII, heft. 3-4. 4° Wien, 1889.
Murray, John.—A memoir on the Diamond. 8° London, 1831.
Neumayr, Melchior.—Erdgeschichte. Band I—II. 8° Leipzig, 1886-1887.
Noetl1ng, Fritz.— Der Jura am Hermon. 40 Stuttgart, 1887.
Paleontologie Franpaise. 1" Serie, Animaux Invertébres, Crinoides, livr. 89. 8° Paris,
1889.
Petr1 n, Ludv1ig.— Der Hollohazaer (Radvanyer) Rhyolith-Kaolin. 8° Pam. Budapest,
1889.
Royal Hungar1an Gbol. Inst1tute.
Report of the Committee appointed (January 6th, 1888) by the American Philosophical
Society to assist the Commission on Amended Orthografy, created by
virtue of a resolution of the Legislature of Pennsylvania. 8° Pam.
Philadelphia, 1889.
The Soc1ety.
R1dsdale, E. A.—Cosmic Evolution, being speculation on the origin of our environment.
8° London, 1889.
2

PART I.]

Additions to the Library.

Titles of Books.
Donors.
Rosbnbusch, H.—Petrographical Tables: an aid to the microscopical determination of
rock-forming minerals. Translated and edited by Dr. F. H. Hatch.
4° London. No date.
Ruschenberger, W. S. W.—A biographical notice of George W. Tryon, Jr., Conserva
tor of the Conchological Section of the Academy of Natural Sciences
of Philadelphia. 8° Pam. Philadelphia, 1888.
The Author.
Saunders, Trelav1ny.—A sketch of the mountains and river basins of India. 8° Pam.
London, 187o.
Schenck, Dr. Adolf.—Ueber Glacialerscheinungen in Sudafrika. 8° Pam. Berlin, 1889.
The Author.
Strachey, Capt. Richard.—On the Geology of part of the Himalaya Mountains and
Tibet. 8° Pam. London, 1851.
Suess, Eduard.— Das Antlitz der Erde. Band I, Abth. 2, and Band II. 8° Prag, 1885
and 1888.
Taylor, Meadows.—Sketch of the geology of the district of Shorapoor, or Soorpoor, in
the Dekhan. 8° Pam. Dublin, 1863.
Unw1n, William Cawthorne.—The testing of materials of construction : a text book for
the engineering laboratory and a collection of the results of experiment.
8° London, 1888.
Watt's Dictionary of Chemistry: revised and entirely rewritten by M. M. Pattison
Muir and H. Forster Morley. Vol. II. 8° London, 1889.
Werner, Abraham Gottlob.— New theory of the formation of Veins; with its application
to the art of working mines. Translated by Charles Anderson . 8°
Edinburgh, 1809.
Z1ttel, Karl A.—Handbuch der Palaeontologie. Abth. II, lief. 7. 8° Munchen, 1889.

PERIODICALS, SERIALS, &c.
American Journal of Science. 3rd series, Vol. XXXVIII, Nos. 225-228. 8' New
Haven, 1889.
The Ed1tors.
American Naturalist. Vol. XXIII, Nos. 269-27o. 8° New Haven, 1889.
Annalen der Physik und Chemie. Neue Folge, Band XXXVIII, heft 2-4. 8° Leipzig,
1889.
Annales de Geologie et de Paleontologie. Livr. 6. 40 Palerme, 1889.
Annales des Sciences Naturelles. 7 °" sene, Botanique, Tome X, Nos. 1-6. 8° Paris,
1889.
Annals and Magazine of Natural History. 6th series, Vol. IV., Nos. 21-24. 8° London,
1889.
Athenaeum. Nos. 3228-3243. 4° London, 1889.
Beiblatterzu den Annalen der Physik und Chemie. Band XIII, Nos. 8-1o. 8° Leipzig,
1889.
Chemical News. Vol. LX, Nos. 1554-1567. 40 London, 1889.
Colliery Guardian. Vol. LVIII, Nos. 1497-1511. Fol. London, 1889.
Geographische Abhandlungen. Band IV, heft 1. 8° Wien, 1889.
Geological Magazine. New series, Decade III, Vcl. VI, Nos. 9-12. 8° London, 1S89.
3
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Titles of Books.
Donors.
Indian Engineering. Vol. VI. Nos. 14-26. Flsc. Calcutta, 1889.
Pat. Doyle.
Iron. Vol. XXXIV, Nos. 869-883. Fol. London, 1889.
London, Edinburgh and Dublin Philosophical Magazine and Journal of Science. 5th
series, Vol. XXVIII, Nos. 172-175. 8° London, 1889.
Mining Journal. Vol. LIX, Nos. 2819-2833. Fol. London, 1889.
Naturae Novitates. Jahrg. XI. Nos. 16-22. 4° Berlin, 1889.
Fr1edlander und Sohn.
Nature. Vol. XL, No. 1036, to XLI, No. 105o. 4* London, 1889.
Neues Jahrbuch fur Mineralogie, Geologie und Palaeontologie. Jahrg. 1889, Band II,
heft 2-3. 8° Stuttgart, 1889.
Neues Jahrbuch fur Mineralogie, Geologie und Palaeontologie. Beilage-Band VI, heft
2. 8° Stuttgart, 1889.
Palaeontographica. Band XXXV, lief. 4-6. 4° Stuttgart, 1889.
Palaeontologische Abhandlungen. Neue Folge, Band I, heft I. 40 Jena, 1889.
Petermann's Geographische Mittheilungen. Band XXXV, Nos.. 9-11. 4* Gotha, 1889.
The Ed1tor.
Petermann's Geographische Mittheilungen. Supplement No. 95. 4° Gotha, 1889.
The Ed1tor.
Quarterly Journal of Microscopical Science. New series, Vol. XXIX, Nos. 3-4. 8°
London, 1888-89.
The Geological Record for 1880— 1884 inclusive. Vol. II. 8s London, 1889.
The Indian Engineer. New series. Vol. VIII, Nos. 1-13. 4° Calcutta, 1889.
Newman & Co.

GOVERNMENT SELECTIONS, REPORTS, &c.
Assam. —Report on the administration of Assam for 1888-89. Flsc. Shillong, 1889.
Ch1ef Comm1ss1oner, Assam.
Bombay.—Selections from the Records of the Bombay Government. New series, Nos.
214, 227, 229, and 232-233. Flsc. Bombay, 1889.
Bombay Government.
Central Prov1nces.—Report on the administration of the Central Provinces for
1888-89. 4° Nagpur, 1889.
Ch1ef Comm1ss1oner, Central Prov1nces.
Ind1a.—List of Civil Officers holding gazetted appointments under the Government of
India in the Home, Legislative, Foreign, and Revenue and Agricultural
Departments, &c., corrected to 1st July 1 889. 8° Calcutta, 1889.
Homb Department.
„ Quarterly Indian Army List. New series, No. 1. 8° Calcutta, 1889.
Government of Ind1a.
„ Report on the administration of the Meteorological Department of the Govern
ment of India in 1888-89. 4° Calcutta, 1889.
Meteorolog1cal Reporter to Government of Ind1a.
„ Selections from the Records of the Government of India, Foreign Department.
Nos. 257 and 262. Flsc. Calcutta, 1889.
Fore1gn Department.
4
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TRANSACTIONS, PROCEEDINGS, &c., OF SOCIETIES, SURVEYS, &c.
Titles of Books.
Donors.
Ad bla1de.—Transactions and Proceedings and Report of the Royal Society of South
Australia. Vol. XI. 8° Adelaide, 1889.
The Soc1ety.
Balt1more.—American Chemical Journal. Vol. XI, Nos. 1-4. 8° Baltimore, 1889.
Johns Hopk1ns Un1vers1ty.
„
American Journal of Mathematics. Vol. XI, No. 3. 40 Baltimore, 1889.
Johns Hopk1ns Un1vers1ty.
„
American Journal of Philology. Vol. IX, No. 4, and X, No. 1. 8° Balti
more, 1888-1889.
Johns Hopk1ns Un1vers1ty.
„
Johns Hopkins University Circulars. Vol. VIII, Nos. 69 to 73, and IX*
No. 76. 40 Baltimore, 1889.
Johns Hopk1ns Un1vers1ty.
„
Johns Hopk1ns University Studies in Historical and Political Science.
Vol. VII, Nos. 2-6. 8° Baltimore, 1889.
Johns Hopk1ns Un1vers1ty.
Batav1a.— De derde Javaansche Successie-Oorlog, 1746— 1755. Door P. J. F. Louw.
8° Batavia, 1889.
Batav1an Soc1ety.
„
Nederlandsch-Indisch Plakaatboek, 1602— 1811. Door J. A. Van der Chijs.
Deel VI. 8° Batavia, 1889.
Batav1an Soc1ety.
M
Notulen van het Bataviaasch Genootschap van Kunsten en Wetenschappen.
Deel XXVII, AH. 2-3. 8* Batavia, 1889.
Batav1an Soc1ety.
„
Register op de Notulen der Vergaderingen van het Bataviaasch Genootschap
van Kunsten en Wetenschappen over de Jaren 1879— 1888. Door
J. A. Van der Chijs. 8" Batavia, 1889.
Batav1an Soc1ety.
„
Tijdschrift voor indische Taai-Land-en Volkenkunde. Deel XXXI II, Afl.
3-4. 8° Batavia, 1889.
The Batav1an Soc1ety.
Berl1n.— Zeitschrift der Deutschen Geologischen Gesellschaft. Band XLI, heft 1. 8°
Berlin, 1889.
German Geolog1cal Soc1ety.
Bombay.—Journal of the Bombay Branch of the Royal Asiatic Society. Vol. XVII, pt.
2. 8° Bombay, 1889.
The Soc1ety.
Br1sbane.—Proceedings and Transactions of the Queensland Branch of the Royal Geo
graphical Society of Australasia. Vol. IV. 8° Brisbane, 1889.
The Soc1ety.
„
Proceedings of the Royal Society of Queensland. Vol. VI, pt. 5. 8° Bris
bane, 1889.
The Soc1ety.
Brussels.—Annuaire de L'Acaddmie Royale des Sciences. 8' Bruxelles, 1 888-1 889.
The Academy.
„
Bulletins de l'Acaddmie Royale des Sciences. 3" sdrie, Tome XI V— XVII.
8* Bruxelles, 1887— 1889.
The Academy.
„
Mdmoires Couronnds et autres Mdmoires. Tome XL—XLI I. 8° Bruxelles,
1887—1889.
Royal Academy of Sc1ence, Belg1um.
„
Mdmo;res Couronnds et Mdmoires des Savants Étrangers. Tome XLIX.
4° Bruxelles, 1888.
Royal Academy of Sc1ence, Belg1um.
„
Mdmoires de l'Académie Royale des Sciences. Tome XLVII. 40 Bruxelles,
1889.
The Academy.
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Titles of Books.
Donors.
Brussels.—Bulletin de la Socteté Royale Beige de Geographie. Annee XIII, No. 3
8° Bruxelles, 1889.
The Soc1ety.
Budatest.— Foldtani Kdzlony. Kotet XVIII, Nos. 5-12, and XIX, Nos. 1-6. 8° Buda
pest, 1888-1889.
Royal Hungar1an Geol. Inst1tute.
„
Jahresbericht der Kgl. Ung. Geologischen Anstalt fur 1887. 8° Budapest,
1889.
Royal Hungar1an Geol. Inst1tute.
„
Mittheilungen aus dem Jahrbuche der K6n. Ungarischen Geologischen Ans
talt, Band VIII, heft 7-8. 8° Budapest, 1889.
Royal Hungar1an Geol. Inst1tute.
Termeszetrajzi Fuzetek. Vol. XII, Nos. 2-3. 8° Budapest, 1889.
Hungar1an Nat1onal Museum.
Calcutta.—Journal of the Asiatic Society of Bengal. New series, Vol. LVIII, pt. I,
No. 2, and pt. II, Nos. 3-4. 8° Calcutta, 1889.
The Soc1ety.
„
Proceedings of the Asiatic Society of Bengal. Nos. VII and VIII. 8°
Calcutta, 1889.
The Soc1ety.
„
Records of the Geological Survey of India. Vol. XXII, pt. 4. 8° Calcutta,
1889.
Geolog1cal Survey of Ind1a.
„
Survey of India Department. Notes for September to November 1889.
Flsc. Calcutta, 1889.
Survey op Ind1aCambr1dge.— Proceedings of the Cambridge Philosophical Society. Vol. VI, pt. 6. 8°
Cambridge, 1889.
The Soc1ety.
„
Transactions of the Cambridge Philosophical Society. Vol. XIV, pt. 4.
4° Cambridge, 1889.
The Soc1ety.
Cambr1dge, Mass.—Bulletin of the Museum of Comparative Zoology. Vol. XVII,
No 5. 8° Cambridge, Mass., 1889.
The Museum.
„
Memoirs of the Museum of Comparative Zoology. Vol. VII,'
No. 2, pt. 3, and Vol. IX, No. 1. 40 Cambridge, Mass., 1882.
The Museum.
C1nc1nnat1.—Journal of the Cincinnati Society of Natural History. Vol. I, No. 3 ; Vol.
II, No. 3; and III, No. 2. 8° Cincinnati, 1878, 1879, ar,d 188o.
Dehra Dun.— General report on the operations of the Great Trigonometrical Survey of
India, during 1867-68, and 1868-69. Flsc. Dehra Dun, 1868-1869.
Ed1nburgh.— The Scottish Geographical Magazine. Vol. V, Nos. 10-12. 8° Edinburgh,
1889.
The Scott1sh Geograph1cal Soc1ety.
Florence.— Memorie per servire alia descrizione della Carta Geologica d'ltalia. Vol.
III, pt. 2. 4° Firenze, 1888.
Royal Geol. Comm1ss1on, Italy.
Hobart.—Papers and Proceedings of the Royal Society of Tasmania for 1888. 8°
Hobart, 1889.
The Soc1ety.
Lausanne.—Bulletin de la Society Vaudoise des Sciences Naturelles. 3°" Serie, Vol.
XXIV, No. 99. 8° Lausanne, 1889.
The Soc1ety.
Le1den.— Annales de 1' Ecole Polytechnique de Delft. Tome V.livr. 1-2. 4° Leide, 1889.
ECOLE POLYT. DE DELFT.
L1lle.—Annales de la Societe Geologique du Nord. Tome XV. 8° Lille, 1888.
The Soc1ety.
6
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Titles of Books.
Donors.
L1sbon.—Commission des Travaux Geologiques du Portugal, foude Geologique du
Tunnel du Rocio Contribution a la connaissance du Sous-Sol de Lisbonne, par Paul Choffat. 4° Lisbonne, 1889.
Thb Comm1ss1on.
L1verpool.—Proceedings of the Liverpool Geological Society. Vol. VI, pt. 1. 8° Liver
pool, 1889.
The Soc1ety.
London.— General Index to the first 20 volumes of the Journal (Botany), and the bota
nical portion of the Proceedings, November 1838 to June 1886, of the
Linnean Society. 8° London, 1888.
The Soc1ety.
„
Journal of the Linnean Society. Vol. XX, Zoology, Nos. 119 to 121, 132 and
140; Vol. XXIII, Botany, Nos. 156-157, 163-170, and XXVI, No. 173.
8° London, 1888-1889.
The Soc1ety.
„
List of the Linnean Society of London. Session 1888- 1889. 8° London, 1S88.
The Soc1ety.
„
Transactions of the Linnean Society of London. 2nd series, Botany, Vol..
II, pt. 16; Zoology, Vol. II, pt. 18 ; Vol. IV, pt. 3 j Vol. V, pts. 1.3. 4°
London, 1888-1889.
The Soc1ety.
„
Journal of the Iron and Steel Institute. No. 1, 1889. 8° London, 1889.
The Inst1tute.
Journal of the Society of Arts. Vol. XXXVII, No. 1920 to XXXVIII,
1933. 8° London, 1889.
The Soc1ety.
„
Mineralogical Magazine and Journal of the Mineralogical Society. Vol.
VIII, No. 39. 8° London, 1889.
„
Proceedings of the Royal Geographical Society. New series, Vol. XI,
Nos. 6-9. 8° London, 1889.
The Soc1ety.
„
Proceedings of the Zoological Society of London for 1889. Parts I and II.
8° London, 1889.
The Soc1ety.
„
Transactions of the Zoological Society of London. Vol. XII, pt. 9. 4°
London, 1889.
The Soc1ety.
„
Quarterly Journal of the Geological Society. Vol. XLV, No. 179. 8°
London, 1889.
The Soc1ety.
„
Report of the British Association for the Advancement of Science, held at
Bath in September 1888. 8° London, 1889.
Madr1d.—Boletin de la Sociedad Geografica de Madrid. Tomo XXVI, No. 6, and
XXVII, No. 1. 8° Madrid, 1889.
The Soc1ety.
„
Memorias de la Real Academia de Ciencias. Tomo XIII, pts. 2-3. 8°
Madrid, 1889.
The Academy.
„
Revista de los Progresos de las Ciencias exactas, fisicas, y naturales. Tomo
XXII, Nos. 5-7. 8° Madrid, 1888-1889.
The Academy.
Manchester.— Memoirs and Proceedings of the Manchester Literary and Philosophical
Society. 4th series, Vol. II. 8° Manchester, 1889.
The Soc1ety.
„
Transactions of the Manchester Geological Society. Vol. XX, Nos. 1 113. 8° Manchester, 1889.
The Soc1ety.
Melbourne.—Annual Report of the Secretary for Mines on the working of the regulation
and inspection of Mines and Mining Machinery Act during 1888. Flsc.
Melbourne, 1889.
M1n1ng Department, V1ctor1a.
7

Records of the Geological Survey of India.

[VOL. XXIII.

Titles of Books.
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Melbourne.— Mineral Statistics of Victoria for 1888. FIsc. Melbourne, 1889.
M1n1ng Department, V1ctor1a.
„
Reports of the Mining Registrars for the quarter ending 30th June 1889.
Flsc. Melbourne, 1889.
M1n1ng Department, V1ctor1a.
„
Natural History of Victoria. Prodromus of the Zoology of Victoria.
Decade XVI II. 8° Melbourne, 1889.
Publ1c L1brary, V1ctor1a.
„
Proceedings of the Royal Society of Victoria. New Series, Vol. I. 8°
Melbourne, 1889.
The Soc1ety„
Transactions of the Geological Society of Australasia. Vol. I, pt. 4.
8° Melbourne, 189o.
The Soc1ety.
M1lano.— Atti della Societa Italiana di Scienze Naturali. Vol. XXXI, flsc. 1-4. 8°
Milano, 1888-1889.
The Soc1ety.
Montreal.—Geological and Natural History Survey of Canada. Contributions to
Canadian Palasontology, by J. F. Whiteaves. Vol. I, pt. 2. 8° Mont
real, 1889.
.
The Survey.
„
Proceedings and Transactions of the Royal Society of Canada for 1888.
Vol. VI. 40 Montreal, 1889.
The Soc1ety.
Moscow.—Nouveaux Mémoires de la Society Imperiale des Naturalistes. Tome XV,
livr. 6. 40 Moscou, 1889.
The Soc1ety.
Mun1ch.— Abhandlungen der math.-phys. classe der k. b. Akademie. Band XVI,
Abth. 3. 40 Miinchen, 1888.
The Academy.
„
Sitzungsberichte der mathematisch-physikalischen classe der k. b. Akademie
der Wissenschaften. 1887, heft 3, and 1888, heft 1-2. 8° Munchen, 1888.
The Academy,
New York.—Annals of the New York Academy of Sciences. Vol. III, No. 13, and
IV, Nos. 10-11. 8° New York, 1889.
The Academy.
„
Transactions of the New York Academy of Sciences. Vol. VIII, Nos.1-4.
8° New York, 1888-1889.
The Academy.
Par1s.—Annates des Mines. 8™* se>ie, Tome XV, livr. 1-2. 8° Paris, 1889.
Department of M1nes, Par1s.
„
Bulletin de la Society de Geographie. 7°" serie, Tome X, No. 1. 8° Paris,
1889.
The Soc1ety.
„
Compte Rendu des Séances de la Soci^té de Geographie. Nos. 13-14. 8° Paris,
1889.
The Soc1ety.
n
Bulletin de la Soci&é Geologique de France. 3"* serie, Tome XVI, No. 10,
and XVII, Nos. 3-6. 8° Paris, 1 889.
The Soc1ety.'
Ph1ladelph1a.—Journal of the Franklin Institute. 3rd series, Vol. XCVIII, Nos.
3-5. 8° Philadelphia, 1889.
The Inst1tute.
M
Proceedings of the Academy of Natural Sciences. Part II. 8° Phila
delphia, 1889.
The Academy.
„
Proceedings of the American Philosophical Society. Vol. XXVI,
No. 129. 8° Philadelphia, 1889.
The Soc1ety.
„
Subject register of papers published in the Transactions and Proceed
ings of the American Philosophical Society. Also supplementary
register of written communications published 1 881-1 889. By Henry
Phillips. 8° Philadelphia, 1889.
The SocIety.
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Additions to the Library.

Titles of Books.
Donors.
Rome.— Atti dell.-1 R. Accademia dei Lincei. Serie IV, Memorie, Vols. Ill and IV.
40 Roma, 1886-1887.
The Academy.
„
Atti della Reale Accademia dei Lincei. Serie IV, Rendiconti, Vol. V, Semestre
I, fasc. 11-12, and II, fasc. 1-4. 8" Roma, 1889.
The Academy.
Sacramento.— California State Mining Bureau. Eighth Annual Report of the State
Mineralogist for the year ending Oct. 1st, 1888. 8° Sacramento, 1S88.
M1n1ng Bureau, Cal1forn1a.
Salem, Mass.— Bulletin of the Essex Institute. Vol. XX, Nos. 7-12, and XXI.
Nos. 1-6. 8° Salem, Mass. 1888-1889.
The Inst1tute.
Shangha1.—Journal of the China Branch of the Royal Asiatic Society. New series,
Vol. XXIII, No. 3. 8° Shanghai, 1889.
The Soc1ety.
St. Petersburg.—Beitrage zur kenntniss des Russischen Reiches und der Angrenzenden Lander Asiens. 3 Folge, Band VI. 8° St. Petersburgh,
1889.
The Imper1al Academy.
„
Memoires de l'Academie Imperiale des Sciences de St. P&ersbourg. 7" Serie, Tome XXXVI, No. 17; and XXXVII, No. 1.
4° St. Petersbourg, 1889.
The Academy.
„
Bulletins du Comite Geologique. Vol. VII, Nos. 6-10, and VIII,
Nos. 1-5. 8° St. Petersbourg, 1888-1889.
The Comm1ss1on.
„
Memoires du Comitd Geologique. Vol. VIII, No. 1 and Vol.
III, No. 4. 40 St. Petersbourg, 1 888-1 889.
The Comm1ss1on.
„
Supplement au Tome VIII des Bulletins du Comitd Geologique.
8° St. Petersbourg, 1889.
The Comm1ss1on.
Sydney.—Proceedings of the Linnean Society of New South Wales. 2nd series, Vol.
IV, pt. 2. 8° Sydney, 1889.
The Soc1ety.
„
Report of the Trustees of the Australian Museum for 1888. FIsc. Sydney,
1889.
The Museum.
Toronto.—Annual Report of the Canadian Institute. Session 1887-88. 8° Toronto,
1889.
The Inst1tute.
„
Proceedings of the Canadian Institute. 3rd series, Vol. VI, No. 2. 8°
Toronto, 1889.
The Inst1tute.
Tur1n.—Atti della R. Accademia delle Scienze di Torino. Vol. XXIV, disp. 13-15.
8° Torino, 1888-89.
The Academy.
„
Memorie della Reale Accademia delle Scienze di Torino. Serie II. Tomo
XXXIX. 40 Torino, 1889.
The Academy.
Ven1ce.— Atti del Reale Istituto Veneto di Scienze, Lettere ed Arti. Serie VI, Tomo
VII, disp. 7-9. 8° Venezia, 1888-89.
The Inst1tute.
V1enna.— Denkschriften der Kaiserlichen Akademie der Wissenschaften. Band LIV. 4°
Wien, 1889.
The Academy.
,,
Sitzungsberichte der Kaiserlichen Akademie der Wissenschaften.
Band XCVH, Abth. I, heft 1-5.
„ XCVII, ,. Ha, heft 1.7.
„ XCVII, „ lib, „ 1.7.
„ XCVII, „ III, „ 1.6. 8° Wien, 1888.
The Academy.
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V1enna.— Jahrbuch der Kaiserlich-Koniglichen Geologischen Reichsanstalt. Band
XXXVIII, heft 4. 8° Wien, 1889.
Imper1al Geol. Inst1tute, V1enna.
,,
Verhandlungen der Kaiserlich Koniglichen Geologischen Reichsanstalt. Nos.
10-12. 8° Wien, 1889.
Imper1al Geol. Inst1tute, V1enna.
Wash1ngton.—Annual report of the Board of Regents of the Smithsonian Institution.
Part I, 1886. 8° Washington, 1889.
Thb Inst1tut1on.
„
Memoirs of the National Academy of Sciences. Vol. IV, pt. 1. 4°
Washington, 1888.
The Academy.
Well1ngton.—Mining Machinery and treatment of ores in Australian Colonies. Flsc.
Wellington, 1889.
M1n1ng Department, New Zealand.
„
Report on the Mining Industry of New Zealand for 1888-89. Flsc.
Wellington, 1889.
M1n1ng Department, New Zealand.

MAPS.
Geologische Aufnahmen der Konigl. Ungarischen Geologischen Anstalt. Zona 17,
Rovat XXIX ; Zona 21, Rovat XXV. Maps, Budapest, 1888- 1889.
Koyal Hungar1an Geolog1cal Inst1tute.
January 15th, 1890.

10
Government of Ind1a Central P1lot1ng Office.—No. 24 D. G. Survey.—370-90.—610.
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Additions to the Museum.

ADDITIONS TO THE MUSEUM.
None.

ADDITIONS TO THE LIBRARY.
From 1st January to 31ST March 185o.
Titles of Books.
Donors.
Allen, Alfred H. —Commercial Organ ic Analysis: a treatise on the properties, proxi
mate analytical examination, and modes of assaying the various
organic chemicals and products employed in the arts, manufactures,
medicine, &c. ; with concise methods for the detection and determina
tion of their impurities, adulterations, and products of decomposition.
2nd edition. Vol. III, pt. 1. 8° London, 1889.
Bloxam, Charles Loudon.—Metals, their properties and treatment. Partially re-written
and augmented by Alfred K. Huntington. New edition. 8° London,
1885.
Bronn's Klassen und Ordnungen des Thier-Reichs. Band II, Abth. III, lief. 5-6;
Band V, Abth. II, lief. 25-27. 8° Leipzig, 1889.
Brown, Robert. — Our Earth and its Story : a popular treatise on physical geography.
2 vols. 4° London, 1 887-1 888.
Clarke, F. W.—The meteorite collection in the U. S. National Museum : a catalogue
of meteorites represented Nov. 1st, 1886. 8° Pam. Washington, 1889.
The Author.
Croll, James—Stellar Evolution and its relations to geological time. 8° London, 1889.
Dawson, Sir J. William.— New species of Fossil Sponges from the Siluro-Cambrian at
Little Metis, on the Lower St. Lawrence. With notes by Dr. G. J.
Hinde. 40 Pam. Montreal, 1889.
The Author.
Dawson, Sir J. WiIIiam—On fossil plants from the Mackenzie and Bow rivers. 40
Pam. Montreal, 1889.
The Author.
De la Noe, G. and De Marger1e, Emm.— Les formes du Terrain. 40 Paris, 1888.
E1ssler, M.—The metallurgy of Gold : a practical treatise on the metallurgical treat.
ment of gold-bearing ores, including the processes of concentrat1on and
chlorination, and the assaying, melting, and refining of gold. 2nd
edition. 8° London, 1889.
E1ssler, M.— The metallurgy of Silver': a practical treatise on the amalgamation, roast
ing, and lixiviation of silver ores, including the assaying, melting, and
refining of silver bullion. 8° London, 1889.
Everett, J. D.—Units and Physical Constants. 2nd edition. 8° London, 1886.
Fletcher, L —On the meteorites which have been found in the desert of Atacama and
its neighbourhood. 8° Pam. London, 1889.
The Author.
Fletcher, L-—On the supposed fall of a meteoric stone at Chartres, Eure-et-Loir,
France, in September 181o. 8° Pam. London, 1889. The Author.
II
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Titles of Books.
Donors.
Freshf1eld, Douglas W. and Wharton, W. J. L — Hints to Travellers, scientific and
general. Edited for the Council of the Royal Geographical Society.
6th edition, revised and enlarged. 8° London, 1889.
Fr1tsch, Karl v.—Allgemeine Geologie. 8° Stuttgart, 1888.
Ha1d1nger, Wilhelm Karl Ritter von.— Handbuch der bestimmenden Mineralogie.
8° Wien, 1865.
Leps1us, Richard.—Geologie von Deutschland und den angrenzenden Gebieten.
Band I, lief. 2. 8° Stuttgart, 1889.
Lew1s, T. R- — In Memoriam. Physiological and Pathological Researches : being a
reprint of the principal scientific writings of the late T. R. Lewis. Ar
ranged and edited by Sir William Aitken, G. E. Dobson, and A. E.
Brown. 8° London, 1888.
Lew1s Memor1al Comm1ttee.
Mart1n, K. and W1chmann, A.—Beitrage zur Geologie Ost-Asiens und Australiens.
No. 2o. 8° Leiden, 1890.
Murray, James A. H.—A new English Dictionary on historical principles; founded
maInly on the materials collected by the Philological Society. Part V.
40 Oxford, 1889.
Paleontologie Franchise. 1" serie, Animaux Invert^bres, Eocene Echinides, Tome II,
livr. 18 : 2™c serie, Végéteaux, Ephédrees, livr. 41. 8° Paris, 1889.
Park1nson, S.—A treatise on Optics. 4th edition. 8° London, 1884.
Sorley, W. R.— Mining Royalties and their effect on the iron and coal trades. Report
of an enquiry made for the Toynbee Trustees. 8° London, 1889.
Stokes, George Gabriel.—On light. 8° London, 1887.
Symons, G. J.—The Eruption of Krakatoa, and subsequent phenomena. Report of the
Krakatoa Committee of the Royal Society, vie. : —
Abercromby, The Hon. Ralph.
Archibald, E. Douglas.
Bonney, Prof. T. G.
Evans, (the late) Sir F. J.
Geikie, Dr. A.
Judd, Prof. J. W.
Lockyer, J. Norman.

Russell, The Hon. F. A. Rollo.
Scott, R. H.
Stokes, Prof. G. G.
Slrachey, Lt.-General.
Symons, G. J., Chairman.
Wharton, Capt. W. J. L.
4° London, 1888.

Thomson, Sir C. Wyville, and Murray, John.— Report on the scientific results of the
voyage of H. M. S. " Challenger," duringthe years 1873—76. Vol. II,
Physics and Chemistry; and Vol. XXXII. Zoology. 40 London,
1889
Rev. and Agr1. Department.
Tryon, Get rge V/. — Manual of Conchology, structural and systematic. Continued by
H. A. Pilsbry. Vol. XI, No. 3; and 2nd series, Vol. V, No. 3.
8° Philadelphia, 1889.
Watt, Ge rge.—A Dictionary of the Economic Products of India. Vols. MI. 8°
Calcutta, 1889.
Govt, op Ind1a.
Wr1ght, Charles R. Alder.— Metals and their chief industrial applications. 8° London,
1878.
Young, C. A. —The Sun. 3rd edition. 8° London, 1888.
Z1TTt.1., Karl A.— Handbuch der Palaeontologie. Band II, Abth II, lief. 8; Band III,
Abth. I, lief. 3. 8° Munchen, 1889.
12
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PERIODICALS, SERIALS, &c.
Titles of Books.
Donors.
American Journal of Science. 3rd series, Vol. XXXIX, Nos. 229-230. 8" New Haven,
1890.
The Ed1tors.
American Naturalist. Vol. XXIII, Nos. 271-272, and XXIV, No. 277. 8° Philadelphia,
1889-1890.
Annalen der Physik und Chemie. Neue Folge, Band XXXIX, Nos. 1-2. 8° Leipzig,
1890.
Annales des Sciences Naturelles. 7°" serie, Botanique, Tome VIII, Nos." 4-6. 8°
Paris, 1888.
Annals and Magazine of Natural History. 6th series, Vol. V, Nos. 25-27. 8° London,
18qo.
Athenaeum. Nos. 3243-3254. 40 London, 1889-1890.
Beiblatter zu den Annalen der Physik und Chemie. Band XIII, Nos. 11-12, and
XIV, Nos. 1-2. 8" Leipzig, 1889-1890.
Chemical News. Vol. LX, No. 1568 to LX1, No. 1580. 4° London, 1889-1800.
Colliery Guardian. Vol. LVIII, No. 1512 to LIX, No. 1523. Fol. London, 1889-1890.
Geological Magazine. New series, Decade III, Vol. VII, Nos. 1-3. 8° London, 1890.
Indian Engineering. Vol. VII, Nos. 1-12. Flsc. Calcutta, 1890.
P. Doyle.
Iron. Vol. XXXIV, No. 884 to XXXV, No. 895, Fol. London, 1889-1890.
London, Edinburgh, and Dublin Philosophical Magazine and Journal of Science. 5th
series. Vol. XXIX, Nos. 176-178. 8° London, 1890.
Mining Journal. Vol. LIX, No. 2834 to LX, No. 2845. Fol. London, 1889-1890.
Nature. Vol. XLI, Nos. 1051-1062. 4° London, 1 889-1 890.
Neues Jahrbuch fur Mineralogie, Geologie and Palaeontologie. Jahrg. 1890, Band I,
heft. 1. 8" Stuttgart, 1890.
Neues Jahrbuch fur Mineralogie, Geologie und Palaeontologie. Beilage-Band VI, heft
3. 8° Stuttgart, 1889.
Palaeontologische Abhandlungen. Neue Folge, Band I, heft. 2. 4° Jena, 1889.
Petermann's Geographische Mittheilungen. Band XXXV, No. 12 and XXXVI,
Nos. 1-2. 40 Gotha, 1889-1890.
The Ed1tor.
Petermann's Geographische Mittheilungen, Supplement Nos. 94 and 96. 40 Gotha,
1889.
The Ed1tor.
The Indian Engineer. New series, Vol. VIII, Nos. 14-26. 4° Calcutta, 1890.
Newman & Co.
GOVERNMENT SELECTIONS, REPORTS, &c.
Bengal.--Report on the administration of Bengal, 1888-89. Flsc. Calcutta, 1889.
Bengal Government.
„ . Report on the administration of Bengal, 1888-89. Relations with Tributary
States and Frontier Affairs. Flsc. Calcutta, 1889.
,
Bengal Government.
Bombay.— Report on the administration of the Bombay Presidency for 1838-89. Flsc.
Bombay, 1889.
Bombay Government.
„
Selections from the Records of the Bombay Government. New series,
Nos. 192, 194, 196, 198-200, 234 and 235. Flsc. Bombay and Karachi,
1889.
Bombay Government.
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Titles of Books.
Donors
Burma.— Report on the administration of Burma during 1888-89. Flsc. Rangoon. 1889.
Ch1ef Comm1ss1oner, Burma.
Central Prov1nces.—Returns of the rail-borne trade of the Central Provinces
during the quarter ending 30th September 1889. Flsc. Nagpur, 189o.
Ch1ef Comm1ss1oner, C. P.
Hyderabad.— Report on the administration of the Hyderabad Assigned Districts for
1888-89. Flsc. Hyderabad, 1889.
Res1dent, Hyderabad.
Ind1a. —Administration report on the Railways of India for 1888-89. Part II. Flsc.
Calcutta, 189o.
D1rector General of Ra1lways.
„
Handbook of cyclonic storms in the Bay of Bengal. For the use of sailors.
8° Calcutta, 189o.
Meteorolog1cal Reporter to Government of Ind1a.
,,
Report on the Meteorology of India in 1888. 40 Calcutta, 189o.
Meteorolog1cal Reporter to Government of Ind1a.
„ ' Quarterly Indian Army List. New series, No. 2. 8° Calcutta, 189o.
Government of Ind1a.
„
Scientific Memoirs by Medical Officers of the Army of India. Part V. 40
Calcutta, 1890.
San1tary Comm1ss1oner.
Madras.— Annual administration reports of the Forest Department (Southern and
Northern Circles), Madras Presidency, for 1888-89. Vhc. Madras,
1889.
Madras Government.
„
Report on the administration of the Madras Presidency during the year
1888-89. F'sc- Madras, 1889.
Madras Government.
Punjab — Report on the administration of the Punjab and its dependencies for 1888-89.
Flsc. Lahore, 1889.
Punjab Government.

TRANSACTIONS, PROCEEDINGS, &c, OF SOCIETIES, SURVEYS, &c.
Allahabad.— The North-Western Provinces and Oudh Provincial Museum, Lucknow.
Minutes of the Managing Committee from August 1883 to 31st March
1888. 8° Allahabad, 1889.
The Museum.
Ballarat.—Annual report of the Ballarat School of Mines, Industries and Science,
in the University of Melbourne. 8° Ballarat, 189o.
Ballarat School of M1nes.
Balt1more.— American Chemical Journal. Vol. XI, No. 5. 8° Baltimore, 1889.
Johns Hopk1ns Un1vers1ty.
„
merican Journal of Mathematics. Vol. XI, No. 4. 4° Baltimore,- 1889.
Johns Hopk1ns Un1vers1ty.
„
Johns Hopkins University Circulars. Vol. IX, No. 78. 4° Baltimore,
1890.
Johns Hopk1ns Un1vers1ty.
„
Johns Hopkins University Studies in Historical and Political Science. 7th
series, Nos. 7-9. 8° Baltimore, 1889. Johns Hopk1ns Un1vers1ty.
Batav1a.— Dagh-Register gehonden int Easteel Batavia vant passerende daer ter plaetse
alsover geheel Nederlandts-India Anno 1661. Van J. A. Van Der
Chijs. 8° Batavia, 1 889.
Batav1an Soc1ety.
M
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Titles of Books.
Donors.
Belfast.— Report and Proceedirgs of the Belfast Natural History and Philosophical
Society for the session 1883-89. 8° Belfast, 1889.
Natural History Soc1ety, Belfast.
Berl1n.—Zeitschrift der DeutsclIen geologischen Gesellschaft. Band XLI, Nos. 2-3.
8° Berlin, 1889-1890.
German Geolog1cal Soc1ety.
Bologna.—Memorie dclla R. Accademia delle Scienze dell' Istituto di Bologna. Serie
IV, Tomo IX. 4° Bologna, 1888.
The Academy.
Bombay.—Journal of the Bombay Natural History Society. Vol. IV, Nos. 3-4. 8°
Bombay, 1889.
The Soc1ety.
Br1sbane.—Proceedings and Transactions of the Queensland Branch of the Royal
Geographical Society of Australasia. Vol. V, pt. I. 8° Brisbane, 1889.
The Soc1ety.
Brussels.—Annales de la Societd Royale Malacologique. 4™' serie, Tome III. 8°
Bruxelles, 1888.
The Soc1ety.
„
Proces-Verbaux des Sdances de la Societd Royale Malacologique de Belgique. pp. lxxiii—cxxiv (18S8) and pp. i—cxxii (1889). 8° Bruxelles.
1888-1889.
The Soc1ety.
„
Bulletin de la Societe Royale Beige de Geographie. An nee XIII, Nos. 2,
4 and 5. 8° Bruxelles, 1889.
Thk Soc1ety.
Bucarest.—Anuarulu Biuroului Geologicu Anulu 1882-1883. No. 4. b° Bucuresci,
1889.
Geol. Bureau, Bucarest.
Calcutta.—Annals of the Royal Botanic Garden, Calcutta. Vol. I, pt. 2 and Appen
dix ; and Vol. II. 4° Calcutta, 1888-1889.
Royal Botan1c Gardens.
„
Catalogue of the books in the library of the Indian Museum, corrected to
August 1887. By R. Leonard Chapman. 8° Calcutta, 1889.
Ind1an Museum.
„
Epigraphia Indica and Record of the Archaeological Survey of India.
Part IV. 4° Calcutta, 1889.
Archaolog1cal Survey of Ind1a.
„
Journal of the Asiatic Society of Bengal. New series, Vol. LVIII, pt. II,
Supplements 1 and 1. 8° Calcutta, 1889.
The Soc1ety.
,,
Proceedings of the Asiatic Society of Bengal. Nos. IX-X. 8° Calcutta,
1890.
Thb Soc1ety.
Pateontologia Indica. Series XIII, Vol., IV, pt. 1. 4° Calcutta, 1889.
Geolog1cal Survey of Ind1a.
„
Records of the Geological Survey of India. Vol. XXIIl.pt. I. 8° Calcutta,
1890.
Geolog1cal Survey op Ind1a.
„
Report of the twelfth annual meeting of the Indian Association for the Cul
tivation of Science, held April 1889. 8° Calcutta, 1889.
The Assoc1at1on.
Survey of India Department. Notes for December 1889 to February 1890.
Flsc. Calcutta, 18qo.
Survey op Ind1a.
Cambr1dgb, Mass.— Annual report of the Curator of the Museum of Comparative
Zoology, for 1888-89. 8° Cambridge, Mass., 1889.
The Museum.
x
15

Records of the Geological Survey of India.

[VOL. XXIII.

Titles of Books.
Donors.
Cambr1dge, Mass.—Bulletin of the Museum of Comparative Zoology. Vol. XVI, No. 6;
XVII, No. 6; and XVIII. 8° Cambridge, Mass., 1889.
The Museum.
Copenhagen.—Memoires de l'Académie Royale de Copenhague. 6°" se>ie, Vol. V,
Nos. 1-2. 4° Copenhagen, 1889.
Royal Dan1sh Academy.
„
Oversigt over det Kongelige Danske Videnskabernes Selskabs.
No. 2. 8° Copenhagen, 1889.
Royal Dan1sh Academy.
Dresden.—Sitzungsberichte und 'Abhandlungen der Naturwissenschaftlichen Gesellschaft Isis in Dresden. Juli bis December 1889. 8° Dresden, 189o.
The Soc1ety.
Ed1nburgh.—Scottish Geographical Magazine. Vol. VI, Nos. 1-3. 8° Edinburgh, 189o.
The Scott1sh Geograph1cal Soc1ety.
Glasgow.— Proceedings of the Philosophical Society of Glasgow. Vol. XX. 8° Glas
gow, 1889.
Thb Soc1ety.
Harr1sburg.—Reports of the Geological Survey of Pennsylvania. Atlas to AA, pts.
3 and 4; Atlas to HH, and HHH, and OOO. 8° Harrisburg, 1889.
Geolog1cal Survey, Pennsylvan1a.
London.—Journal of the Society of Arts. Vol. XXXVIIi, Nos. 1934-1946. 8° London,
1889-189o.
The Soc1ety.
„
Proceedings of the Royal Geographical Society. New series, Vol. XI, Nos.
10-12; and XII, No. 1. 8° London, 1889-189o.
The Soc1ety.
„
Proceedings of the Zoological Society of London. Part III. 8° London,
1889.
The Soc1ety.
„
Quarterly Journal of the Geological Society. Vol. XLV, No. 180. With
List of Fellows for 1889. 8° London, 1889.
The Soc1ety.
Madr1d.—Boletin de la Sociedad Geografica de Madrid. Tomo XXVII, Nos. 4-6. 8*
Madrid, 1S89.
The Soc1ety.
Manchester.—Transactions of the Manchester Geological Society. Vol. XX, pts.
14-15. 8° Manchester, 189o.
The Soc1ety.
Melbournb.—Reports of the Mining Registrars for the quarter ending 30th September
1889. Flsc. Melbourne, 1889. Department of M1nes, V1ctor1a.
Montreal.—Geological and Natural History Survey of Canada. Contributions to the
Micro- Paleontology of the Cambro-Silurian Rocks of Canada. Part
II. By E. O. Ulrich. 8° Montreal, 1889.
Geolog1cal Survey, Canada.
Moscow.— Bulletin dc la Sociiké Imperiale des Naturalistes. Nos. 2-3. 8° Moscou,
1889.
The Soc1ety.
„
Nouveaux Memoires de la Soci&é ImpeViale des Naturalistes de Moscou.
Tome XV, livr. 5. 4° Moscou, 1888.
The Soc1ety.
Naples.—Atti della Reale Accademia delle Scienze Fisiche e Matematiche. Serie, II,
Vol. III. 4° Napoli, 1889.
The Academy.
Par1s.—Annaies des Mines. 8"e série, Tome XV, livr. 3; and XVI, livr. 4. 8° Paris,
1889.
Department op M1nes, Par1s.
„
Bulletin de la Societé de Gdographie. 7*' série, Tome X, Nos. 2-3. 8° Paris,
1889.
The Soc1ety
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Titles of Books.
Donors.
Par1s.—Compte Rendu des Séances de la Society de Geographie. Nos. 15-17 (1889),
and Nos. 1-4 (1890). 8° Paris, 1889-1890.
The Soc1ety.
.,
Bulletin de la Societe Geologique de France. 3"' serie, Tome XVII, Nos. 7-8.
8° Paris, 1888-1889.
The Soc1ety.
Ph1ladelph1a.—Journal of the Franklin InstItute. 3rd series, Vol. XCVI1I, No. 6;
andXCIX, Nos. 1-2. 8° Philadelphia, 1889-189o. The Inst1tute.
„
Transactions of the Wagner Free Institute of Science. Vol. II. 8''0
Philadelphia, 1889.
The Inst1tute.
P1sa.—Atti della Societa Toscana di Scienze Naturali. Memorie, Vol. X. 8° Pisa, 1889.
The Soc1ety.
„
Atti della Societa Toscana di Scienze Naturali. Processi Verbali. Vol. VI, pp.
2S5-302 ; and VII, pp. 1-2o. 8° Pisa, 1889-189o.
. The Soc1ety.
Rome.—Atti della Reale Accademia dei Lincei. Serie IV, Rendiconti, Vol. V, Semestre
II, fasc. 5-13. 4° Roma, 1889.
The Acadbmy.
Salem.— Proceedings of the American Association for the Advancement of Science. Vol.
XXXVII. 8° Salem, 1889.
The Assoc1at1on.
San Franc1sco.—Memoirs of the California Academy of Sciences. Vol. II, No. 2. 4°
San Francisco, 1888.
The Academy.
„
Proceedings of the California Academy of Sciences. 2nd series, Vol.
I, pts. 1-2. 8° San Francisco, 1888-1889.
The Academy.
Stockholm.—Bihang till Kongl. Svenska Vetenskaps-Akademiens Handlingar. Bandet IX—XIII. 8° Stockholm, 1884-1888. Royal Swed1sh Academy.
Fortcckning ofver innehallet i Kongl. Svenska Vetenskaps-Akade
miens Skrifter 1826- 1883. Af E. VV. Dahlgren. 8° Stockholm, 1884.
Royal Swbd1sh Academy.
„
Kongliga Svenska Vetensk.ips-Akademiens Handlingar. Ny-Foljd,
Bandet XX-XXI. With folio atlas. 4° Stockholm, 1882- 1885.
;
Royal Swed1sh Academy.
Lefnadsteckningar ofver Kongl. Svenska Vetenskaps-Akademiens.
Band II, hafte 3. 8° Stockholm, 1885. Royal Swed1sh Academy.
„
Meteorologiska lakttagelser I Sverige. Serien 2, Bandet VIII-XII
(1880-1884). 4° Stockholm, 1885-1889. Royal Swed1sh Academy.
„
Ofversigt af Kongl. Vetenskaps Akademiens Forhandlingar. Vol.
XLI—XLV. 8° Stockholm, 1884-1889. Royal Swed1sh Academy.
Sydney.— Catalogue of the scientific books in the library of the Royal Society of New
South Wales. Part I. General Catalogue. 8° Sydney, 1889.
The Soc1ety.
„
Journal and Proceedings of the Royal Society of New South Wales. Vol.
XXIII, pt. 1. 8° Sydney, 1889.
The Soc1ety!
„
Proceedings of the Linnean Society of New South Wales. 2nd series, Vol.
IV, pt. 3. 8° Sydney, 189o.
The Soc1ety.
Tur1n.—Atti della R. Accademia delle Scienze di Torino. Vol. XXV, disp. 1-2. 8*
Torino, 1889-9o.
The Academy.
Ven1ce.— Atti del Reale Istituto Veneto di Scienze, Lettere ed Arti. Serie VI, Tomo
VII, disp. 10; and Serie VII, Tomo I, disp. 1. 8° Venczia, 1888-1890.
The Inst1tute.
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Titles of Books.
Donors.
V1enna.— Annalen des K. K. Naturhistorischen Hofmuseums. Band IV, Nos. 2-4.
8° Wien, 1889-1890.
The Museum.
„
Denkschriften der Kais. Akademie der Wissenschaften. Band LV. 4° Wien,
1889.
The Academy.
„
Sitzungsberichte der Kais. Akademie der Wissenschaften.
Band XCVII, Abth. I, heft 6— 10; \\a, heft 8— 10.
.
„
„ 116, „ 8—10; III, „ 7—10.
„ XCVIII, Abth. I, „ 1— 2; Ha, „ 1—3.
,,
,,
., II*. „ 1 — 3 : HI, »
48° Wien, 1888-1889.
The Academy.
„
Register zu den Banden 91 bis 96 der Sitzungsberichte. 8° Wien, 1888.
The Academy.
„
Jahrbuch der Kais. Konig. Geologischen Reichsanstalt Band XXXIX,
heft. 1-2. 8° Wien, 1889.
Imper1al Geol. Inst1tute, V1enna.
„
Verhandiungen der Kais. Konig. Geologischen Reichsanstalt. Nos. 13-18
(1889) and Nos. 1-2 (1890). 8° Wien, 1889-1890.
Imper1al Geol. Inst1tute, V1enna.
Wash1ngton. — Annual Report of the Director of the Mint for the fiscal year ending
June 30th, 1889. 8° Washington. 1889.
U. S. M1nt.
MAPS.
Carta Geologica della Campagna Romana e Regioni Limitrofe in 6 fogli ed una tavola
di sezioni. Scala di 1 a 100,000. Roma, 1888.
Royal Geolog1cal Comm1ss1on, Rome.
April nth, 189°.

l8
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Additions to the Museum.

ADDITIONS TO THE MUSEUM.
From 1st Apr1l to 30TH June 1890.
Three specimens of nodular concretions from wave-worn hard sandstone rocks, East
Coast, Great Cocos Island.
Presented by Dr. A. W. Alcock, Mar1ne Survey Department.
Cerargyrite in quartz, from Santa Gertrude's Mine, Pachnec, State of Hidalgo, Mexico.
Presented by O. L. Frasbr, Ind1an Museum.
Specimen of auriferous sand and washed gold, from the Sonapet Valley, Chota Nagpur.
Presented by Dr. F. Nobtl1no, Geolog1cal Survby op Ind1a.
Eleven specimens of Rubellite, from the Jasper mines, Shan States, Upper Burma.
Presented by F. McBla1nb, Secretary to the F1nanc1al Comm1ss1oner,
Burma.
Specimens of mica, from Hazaribagh, Hills north of Patiala, and Madras.
Presented by H. W. Newton.
Ingot tin, from Pulo Brunei Smelting Works, Singapore.
Presented by T. W. H. Hughes, Geolog1cal Survey of Ind1a.
Alum crystals, manufactured at Kalabagh, Salt Range, Punjab.
Presented by P. N. Datta, Geolog1gal Survey of Ind1a.
A sample of native copper, from Zanskar, Kashmir.
Presented by Tom D. LaTouche, Geolog1cal Survey of Ind1a.

ADDITIONS TO THE LIBRARY.
From 1st Apr1l to 30TH Junb 189o.
Titles of Books.
Donors.
Ball, Valentine.—Travels in India by Jean Baptiste Tavernier, Baron of Aubonne.
Translated from the original French edition of 1676, with a biographi
cal sketch of the author, notes, appendices, &c., Vols. I-II. 8°
London, 1889.
Bronn's Klassen und Ordnungen des Thier-Reichs. Band VI, Abth. III, Reptilien,
lief. 67-68; Band VI, Abth. IV, Vogel, lief. 28-34. 8° Leipzig,
189o.
Fe1stmantel, Ottokar.—Uebersichtliche Darstellung der Geologisch-Palaeontologischen Verhaltnisse Sud-Afrikas. Theil I. 40 Prag, 1889.
Thb Author.
Fr1tsch, Dr. Ant.—Fauna der Gaskohle und der Kalksteine der Permformation
Bohmens. Band II, heft 4. 40 Prag, 1889.
He1lfr1n, Angelo.—The Bermuda Islands : a contribution to the physical history and
zoology of the Somers Archipelago. With an examination of the struc
ture of coral reefs. 8° Philadelphia, 1889.
H1orns, Arthur /A— Iron and Steel Manufacture. 8° London, 1889.
Marcou, Jules.—jura., Neocomian and Chalk of Arkansas. 8° Pam. Cambridge, Mass.
1889.
The Author.
»9

Records of the Geological Survey of India.

[VOL. XXIH.

Titles of Books.
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Marcou, Jules.— I-es Geologues et la Geologie du Jura jusqu' en 187o. 8° Pam. Lonsle-Saunier, 1889.
The Author.
„
The Mesozoic series of New Mexico. 8° Pam. Cambridge, Mass. 1889.
The Author.
„
The Triassic Flora of Richmond, Virginia. 8° Pam. Cambridge,
Mass. 189o.
The Author.
Paleontologie Francaise. Terrains Tertiaires, Eocene, livr. 19; 2°" serie, Veg&aux, Eph£drees, livr. 42. 8° Paris, 189o.
Shufeldt, R. W.— Remarks upon extinct Mammals of United States. 8° Pam. Chi
cago, 1889.
The Author.
Ste1nmann, Gustav, and Doderle1n, Ludwig.—Elemente der Palaontologie Halfte
II. 8° Leipzig, 1890.
The Authors.
The Norwegian North-Atlantic Expedition, 1876— 1878. XIX, Zoology, Actinida by
D. C. Danielssen. 40 Christiania, 1890.
Ed1tor1al Comm1ss1on, N. N. Atlant1c Exped1t1on.
Tryon, George W.— Manual of Conchology. Continued by H. A. Pilsbry. Vol. XI,
pts. 4 and 4a, and 2nd series, Vol. V, pt. 4. 8° Philadelphia, 1890.

PERIODICALS, SERIALS, &c.
American Journal of Science. 3rd series, Vol. XXXIX, Nos. 231 to 233. 8° New
Haven, 1890.
The Ed1tors.
American Naturalist. Vol. XXIII, Nos. 274-275 and Vol. XXIV, No. 278-28o. 8°
Philadelphia, 1889-1890.
Annalen der Physik und Chemie. Neue Folge.'^Band XXXIX, Nos. 3-4 and XL, No.
1. 8° Leipzig, 189o.
Annales des Sciences Naturelles. j°" serie, Botanique, Tome XI, No. 1. 8° Paris,
189o.
Annals and Magazine of Natural History. 6th series, Vol. V, Nos. 28-3o. 8° London,
189o.
Athenaeum. Nos. 3255-3266. 40 London, 189o.
Beiblatter zu den Annalen der Physik und Chemie. Band XIV, Nos. 3-4. 8° Leipzig,
189o.
Chemical News. Vol LXI, No. 1581-1592. 40 London, 1890.
Colliery Guardian. Vol. L1X, Nos. 1524-1535. Fol. London, 1890.
Geological Magaz1ne. New series, Decade III, Vol. VII. Nos. 4-6. 8° London,
1890.
Indian Engineering. Vol. VII, Nos. 13-25. Flsc. Calcutta, 1890.
P. Doylb.
Iron. Vol. XXXV, Nos. 896-907. Fol. London, 1890.
London, Edinburgh and Dublin Philosophical Magazine and Journal of Science. 5th
series, Vol. XXIX, Nos. 179-181. 8° London, 1890.
Mining Journal. Vol. LX, Nos. 2846-2857. Fol. London, 189o.
Nature. Vol. XLI, No. 1063 to XLI1, No. 1074. 4° London, 189o.
Neues Jahrbuch fur Mineralogie, Geologie und Palaeontologie. Jahrg. 1890, Band I,
heft 2. 8° Stuttgart, 189o.
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Titles of Books.
•
Donors.
Palaeontographica. Band, XXXVI, lief. 4-6. 4° Stuttgart, 1890.
Petermann's GeogTaphische Miltheilungen. Band XXXVI, Nos. 3-6. 40 Gotha,
1890.
The Ed1tor.
Petermann's Geographische Mittheilungen. Supplement No. 97. 4° Gotha, 1890.
The Ed1tor.
The Ind1an Engineer. Vol. IX, Nos. 1-12. 40 Calcutta, 1890.
Newman & Co., and J. McIntyre.
Zoological Record for 1888. Vol. XXV. 8° London, 1890.

GOVERNMENT SELECTIONS, REPORTS, &c.
Bombay.— Brief sketch of the Meteorology of the Bombay Presidency in 1888-89. Flsc.
Bombay, 1890.
Bombay Government.
„
Selections from the Records of the Bombay Government. New series.
No. 195. Flsc. Karachi, 1889.
Bombay Government.
I nd1a.— Administration report of the Marine Survey of India for the official year 1889-90.
Flsc. Bombay, 1890.
Mar1ne Survey of Ind1a.
„
Cyclone Memoirs. Part II. 8° Calcutta, 1890.
Meteorolog1cal Reporter to Government of Ind1a.
„
List of Civil Officers holding gazetted appointments under the Government of
India in the Home, Legislative, Foreign, and Revenue and Agricul
tural Departments, corrected to 1st January 1890. 8° Calcutta, 1890.
Home Department.
„
List of Officers in the Survey Departments corrected to 1st January 1890. S°
Calcutta, 1890.
Revenue and Agr1cultural Department.
„
Quarterly Indian Army List. New series, No. 3. 8° Calcutta, 1890.
Government of Ind1a.
„
Selections from the Records of the Government of India, Foreign Department.
Nos. 266 and 268. Flsc. Calcutta, 1890.
Fore1gn Department.
„
The India Office List for 1890, containing an account of the services of the
officers of the Indian Service, and other information. 8° London,
1890.
Revenue and Agr1cultural Department.

TRANSACTIONS, PROCEEDINGS, &c., OF SOCIETIES, SURVEYS, &c.
Balt1more.—American Chemical Journal. Vol. XI, Nos. 6-7. 8° Baltimore, 1889.
Johns Hopk1ns Un1vers1ty.
„
American Journal of Mathematics. Vol. XII, Nos. 1-2; and Index to
Vols. I-X. 4° Baltimore, 1889-1890. Johns Hopk1ns Un1vers1ty.
„
American Journal of Philology. Vol. X, Nos. 2-3. 8° Baltimore, 1889.
Johns Hopk1ns Un1vers1ty.
„
Johns Hopkins University Circulars. Vol. VIII, No. 75, and Vol. IX,
Nos. 77 and 79-80. 4° Baltimore, 1889-1890.
Johns Hotk1hs Un1vers1ty.
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Balt1more.—Johns Hopkins University Studies in Historical and Political Science.
Series VII, Nos. 10-12. 8° Baltimore, 1889.
Johns Hopk1ns Un1vers1ty.
„
Studies from the Biological Laboratory. Vol. IV, No. 5. 8° Baltimore,
1889.
<
Johns Hopk1ns Un1vers1ty.
Basel.—Verhandlungen der Naturforschenden Gesellschaft. Theil VIII, heft 3. 8°
Basel, 189o.
Nat. H1story Soc1ety, Basel.
Batav1a.—Natuurkundig Tijdschrift voor Nederlandsch-Indie. Deel XLIX. 8°
Batavia, 189o.
The Batav1an Soc1ety.
„
Notulen van het Bataviaasch Genootschap van Kunsten en Wetenschappen.
Deel XXVII, AH. 4. 8° Batavia, 1890.
Batav1an Soc1bty.
„
Tijdschrift voor indische Taal-Land-en Volkenkunde. Deel XXXIII, Afl.
5-6. 8° Batavia, 1890.
Batav1an Soc1ety.
Bombay.—Journal of the Bombay Natural History Society. Vol. IV, No. 3. 8°
Bombay, 1889.
Thb Soc1ety.
Bordeaux.—Actes de la Socteté Linneenne de Bordeaux. 5™° seYie, Tome II. 8°
Bordeaux, 1888.
The Soc1ety.
Boston.—Proceedings of the American Academy of Arts and Sciences. New series,
Vol. XV, pt. 2. 8° Boston, 1888.
The Academy.
„
Proceedings of the Boston Society of Natural History. Vol. XXIV, pts. 1-28° Boston, 1889.
Thb Soc1ety.
Brussels.—Bulletin de la Society Royale Beige de Geographie. Année XIII, No. 6, and
XIV, No. 1. 8° Bruxelles, 1889-189o.
The Soc1ety.
Budapest.—Természetrajzi Fuzetek. Vol. XII, No. 4. 8° Budapest, 1890.
Nat1onal Museum, Hungary.
Buenos A1res.—Anales del Museo Nacional de Buenos Aires. Tomo III, No. 16.
4° Buenos Aires, 1890.
„
Boletin de la Academia Nacional de Ciencias. Tomo X, No. 3. 8°
Buenos Aires, 1889.
The Academy.
Caen.—Bulletin de la Soci&é Linneenne de Normandie. 4"" série, ol. II. 8° Caen,
1889.
The Soc1ety.
Calcutta.— Indian Museum Notes. Vol I., No. 3. 8° Calcutta, 189o.
Ind1an Museum.
„
Journal of the Asiatic Society of Bengal. New series, Vol. LVII, pt. II,
No. 5; Vol. LIX, pt. I, Nos 1-2, pt. II, No. 1, and Supplement No. 1.
8° Calcutta, 189o.
The Soc1ety.
„
Proceedings of the Asiatic Society of Bengal. Nos. ML 8° Calcutta,
189o.
The Soc1ety.
„
Memoirs of the Geological Survey of India. Vol. XXIV, pt. 2. 8°
Calcutta, 189o.
Geoloc1cal Survey of Ind1a.
„
Records of the Geological Survey of India. Vol. XXIII, pt. 2. 8°
Calcutta, 1890.
Geolog1cal Survey of Ind1a.
„
SuTvey of India Department. Notes for March to May 189o. FIsc. Calcutta
189o.
Survey of Ind1a Department.
Cambr1dge.—Proceedings of the Cambridge Philosophical Society. Vol. VII, pt. 1.
8° Cambridge, 189o.
Thb Soc1ety.
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Cambr1dge, Mass.— Bulletin of the Museum of Comparative Zoology. Vol. XVI, Nos.
7-8, and XIX, Nos. 1-3. 8° Cambridge, Mass., 1890.
Museum op Comparat1ve Zoology.
„
Memoirs of the Museum of Comparative Zoology. Vol. XVII,
No. 1. 4° Cambridge, Mass., 1890.
The Museum.
Cassel.— Bericht des Vereines fur Naturkunde zu Kassel. Nos. XXXIV-XXXV.
8° Kassel, 1889.
The Soc1ety, Cassel.
C1nc1nnat1.—Journal of the Cincinnati Society of Natural History. Vol. XII, Nos.
2-3. 8° Cincinnati, 1889.
The Soc1ety.
Copenhagen.— Memoires de 1' Academie Royale de Copenhague. 6°e serie, Vol. VI,
No. 1. 4° Copenhague, 1890.
The Acadrmy.
„
Oversigt over det Kongelige Danske Videnskabernes Selskabs. No. 3
(1889), and No. I (1890). 8° Copenhagen, 1889-1890.
Royal Academy, Copenhagen.
Dehra Dun.—Trigonometrical Branch, Survey of India. Spirit-levelled heights, No. 5,
Madras Presidency. Season 1888-89. 8° Dehra Dun, 1890.
Survey of Ind1a Department.
D1ion.— Memoires de 1' Academie des Sciences, Arts, et Belles Lettres de Dijon. 4"*
serie, Tome I. 8° Dijon, 1889.
The Academy.
Ed1nburgh.—Scottish Geographical Magazine. Vol. VI, Nos. 4-5. 8° Edinburgh,
1890.
The Soc1ety.
„
Transactions of the Royal Scottish Society of Arts. Vol. XII, pt. 3.
8° Edinburgh, 1889.
The Soc1ety.
Hallb.— Katalog der Bibliothek der Kaiserlichen Leopoldinisch-Carolinischen Deutschen Akademie der Naturforscher. Lief. 2. 8° Halle, 1889.
The Academy.
„
Nova Acta Academiae Caesareae Leopoldino-Carolinae Germanicae Naturae
Curiosorum. Tomus LIII. 4° Halle, 1889.
The Academy.
Harr1sburg.—Annual report of the Geological Survey of Pennsylvania for 1887. 8°
Harrisburg, 1889.
Geolog1cal Survey, Pennsylvan1a.
„
Reports of the Geological Survey of Pennsylvania. P4 and D„. 8°
Harrisburg, 1889.
Geolog1cal Survey, Pennsylvan1a.
Lausanne.—Bulletin de la Socidte Vaudoise des Sciences Naturelles. 3°' serie,
Vol. XXV, No. 100. 8° Lausanne, 1889.
The Soc1ety.
Le1den.—Sammlungen des Geologischen Reichs-Museums in Leiden. Nos. 18-20, and
2" series, Band I. 8° Leiden, 188 7- 1890.
Le1den Un1vers1ty.
L1Sge—Annales de la Societd Geologique de Belgique. Tome XVII, Iivr. 1-2. 8°
Liege, 1890.
The Soc1ety.
L1sbon.—Communicacoes da Commissao dos Trabalhos Geologicos de Portugal. Tom
II, fasc. 1. 8° Lisboa, 1889.
Geolog1cal Survey, Portugal.
London.—Journal of the Iron and Steel Institute. No. II, 188g. 8° London, 1889.
The Inst1tute.
Journal of the Society of Arts. Vol. XXXVIII, Nos. 1947 to 1957. 8°
London, 1890.
The Soc1ety.
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London.— Proceedings of the Royal Geographical Society. Vol. XII, Nos. 2-5. 8°
London, 1890.
The Soc1bty.
„
Proceedings of the Royal Institution of Great Britain. Vol. XII, No. 83.
With list of members for 1889. 8° London, 1889. Thb Inst1tut1on.
„
Proceedings of the Royal Society of London. Vol, XLVI, No. 285, and
XLVII, Nos. 286-288. 8° London, 1890.
Thb Soc1bty.
Quarterly Journal of the Geological Society. Vol. XLVI, No. 181. 8°
London, 189o.
Thb Soc1ety.
,,
Report of the 59th meeting of the British Association for the Advancement
of Science. 8° London, 189o.
Madras.—Government Central Museum, Madras. Notes on the Pearl and Cha9k
fisheries and Marine Fauna of the Gulf of Manaar. By Edgar
Thurston. 8° Madras, 189o.
Govt. Central Museum.
Madr1d.—Boletin de la Sociedad Geografica de Madrid. Tomo XXVIII, Nos. 1-3.
8° Madrid, 189o.
Thb Soc1ety.
Manchester.—Transactions of the Manchester Geological Society. Vol. XX,
pts. 16-17. 8° Manchester, 189o.
The Soc1ety.
Melbourne.—The Gold-fields of Victoria. Reports of the Mining Registrars for the
quarter ending 31st December 1889. Flsc. Melbourne, 189o.
M1n1ng Dbparthbnt, V1ctor1a.
Montreal.—Annual report of the Geological and Natural History Survey of Canada.
New series, Vol. III, pts. 1-2, and maps. 8° Montreal, 1889.
Gbol. and Natural H1st. Survey op Canada.
Naplbs.—Rendiconto dell' Accademia delle Scienze Fisiche e Matematiche. Serie II,
Vol. III, fasc. 1-12. 40 Napoli, 1889.
The Academy.
Newcastle-on-Tynb.—Transactions of the North of England Institute of Mining and
Mechanical Engineers. Vol. XXXVIII, pts. 4-5. 8° Newcastle-onTyne, 189o.
The Inst1tute.
New York.—Annals of the New York Academy of Sciences. Vol. IV, No. 12. 8°
New York, 1889.
The Acadbmy.
Transactions of the New York Academy of Sciences. Vol. VIII,
Nos. 5-8. 8° New York, 1888- 1889.
The Academy.
Par1s.—Annales des Mines. 8"' sene, Tome XVI, livr. 5-6. 8° Paris, 1889.
Department of M1nes.
Bulletin de la Société de Géographie. 7°" série, Tome X, No. 4. 8° Paris,
1889.
The Soc1ety.
Compte Rendu des Séances de la Socteté de Geographie. Nos. s-1o. 8°
Paris, 189o.
The Soc1ety.
„
Bulletin de la Soci&é Geologique de France. 3"" serie, Tome XVI, No. 1 1 ;
XVII, No. 9; and XVIII, No. 1. 8° Paris, 1889-189o.
The Soc1ety.
„
Mémoiref! de la Society Academique Indo-Chinoise de France. Tome I. 40
Paris, 1879.
Soc1fiTfi AcAdfiM1auE Indo-Ch1no1sb.
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Par1s.— Memoires pour servir a I'explication de la carte geologique detaillee de la
Prance. L'Ardenne, par J. Gosselet. 4° Paris, 1888.
MlNISTERE DBS TRAVAUX PUBLICS.
„
Ministere des Travaux Publics. Carte Geologique detaillde de la France et
Topographies Souterraines. 8° Paris, 1889.
M1n1sters des Travaux Publ1cs.
Ph1ladelph1a.— Journal of the Franklin Institute. 3rd series, Vol. XCIX, Nos. 3-5.
8° Philadelphia, 18qo.
The Inst1tute.
„
Proceedings of the Academy of Natural Sciences. Part III, 1889. 8°
Philadelphia, 1890.
The Academy.
„
Proceedings of the American Philosophical Society. Vol. XXVI, .
No. 130. 8° Philadelphia, 1889.
The Soc1ety.
P1sa.—Atti della Societa Toscana di Scienzi Naturali. Memorie. Vol. IX. 8° Pisa,
1888.
.
The Soc1ety.
„ Atti della Societa Toscana di Scienzi Naturali. Processi Verbali. Vol VI, pp.
105-140, and VII, pp. 21-80. 8° Pisa, 1888-1890.
The Soc1ety.
Rome.—Atti della Reale Accademia dei Lincei. Serie IV, Rendiconti, Vol. VI, Semestre I, fasc. 1-7. 8° Roma, 1890.
The Academy.
Sacramento.—Annual report of the State Mineralogist, California State Mining
Bureau, for the year ending December 1st, 1889. 8° Sacramento,
1890.
Cal1forn1a State M1n1ng Bureau.
Salem.—Bulletin of the Essex Institute. Vol. XXI, Nos. 7 9. 8° Salem, 1889.
The Inst1tute.
S1ngapore.—Journal of the Straits Branch of the Royal Asiatic Society. No. 20. 8°
Singapore, 1889.
The Soc1ety.
S. Paulo.— Boletim da Commissao Geographica e Geologica da Provincia de S. Paulo.
Nos. 1-3. 8° S. Paulo, 18P9. Gpog. and Geol. Comm., S. Paulo.
St. Petersburg. — Memoires de 1' Academie Imperiale des Sciences. Tome XXXVII,
Nos. 2-5. 4° St. Petersbourg, 1889-1890.
Thb Academy.
Sydney.— Annual report of the Department of Mines, New South Wales, for 1888 and
1889. Flsc. Sydney, 1889-1890. Dept. of M1nes, N. S. Wales.
„
Proceedings of the Linnean Society of New South Wales. 2nd series, Vol.
IV, pt. 4. 8° Sydney, 1890.
The Soc1ety.
„
Records of the Australian Museum. Vol. I, Nos. 1-2. 8° Sydney, 1890.
The Museum.
„
Records of the Geological Survey of New South Wales. Vol. I, pts. 2-3. 8"
Sydney, 1889-1890.
Geol. Survey of N. S. Wales.
Toronto.—Annual report of the Canadian Institute, session 1888-S9. 8° Toronto,
1389.
The Inst1tutb.
„
Proceedings of the Canadian Institute. 3rd series, Vol. VII, No. 1. 8°
Toronto, 1889.
The Inst1tute.
Tur1n.—Atti della R. Accademia delle Scienze. Vol. XXV, disp. 3.10. 8° Toronto,
1889-90.
The Academy.
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V1enna.—Abhandlungen der k. k. geologischen Reichsanstalt. Band XIII, Abth. 1.
4° Wien, 1889.
Imper1al Geol. Inst1tute.
„
Verhandlungen der k. k. geologischen Reichsanstalt. Nos/3-5. 8° Wien, 1890.
Imper1al Geol. Inst1tute.
„
Annalen des k. k. Naturhistorischen Hofmuseums. Band IV, No. 1. 8*
Wien, 1889.
Naturh1stor1sche Hofmuseums.
Wash1ngton.—Bulletin of the U. S. Geological Survey. Nos. 48-53. 8° Washington.
1888-1889.
Un1tbd States Geol. Survey.
„
Monographs of the U. S. Geological Survey. Vols. XIII and XIV
with folio atlas. 40 and fol. Washington, 1888.
Un1ted States Geol. Survey.
„
Seventh annual report of the United States Geological Survey,
1885-8o. 8° Washington, 1888. Un1tbd States Geol. Survey.
„
Bulletin of the United States National Museum. Nos. 33-37. 8°
Washington, 1889.
The Museum.
„
Proceedings of the United States National Museum. Vols. X-XI. 8°
Washington, 1888-1889.
Un1ted Statbs Nat1onal Museum.
„
Smithsonian Contributions to Knowledge. No. 673. 40 Washington,
1889.
Sm1thson1an Inst1tute.
,,
United States Department of Agriculture. Division of Economic Orni
thology and Mammalogy. Bulletin I. 8° Washington, 1889.
Un1ted States Department op Agr1culture.
„
United States Department of Agriculture. Division of Ornithology
and Mammalogy. North American Fauna. Nos. 1-2. 8° Washing
ton, 1889.
Un1ted States Department of Agr1culture.
Yokohama.—Mittheilungen der Deutschen Gesellschaft fur Natur un Volkerkunde
Ostasiens. Heft 43. Flsc. Yokohama, 189o.
The Soc1ety, Yokohama.
„
Transactions of the Seismological Society of Japan. Vol. XIV. 8°
Yokohama, 1889.
The Soc1ety.
York.—Annual report of the Yorkshire Philosophical Society for 1889. 8° York, 1890
The Soc1ety.

MAPS.
Carte Geologique detaillée de la France, executee sur la carte topographique de
I'Etat-Major par le service geologique des mines, publie^ par le Ministere
des Travaux Publics. Sheets 1-3, 8-11,14-15, 18, 19,23, 24, 29,30,
34. 35. 43. 44. 46, 48, 50-52, 61, 63, 67-69, 73, 78, 79, 82, 84, 87, 88, 93,
95. 9°. 99. 107-m, 113, 115, 122, 124, 126, 132-139, 143, 146, 148, 151,
159, 160, 166, 167, 174, 175, 178, 180, 184, 185, 188, 191, 197, 202, 203
210, 213 bis, 214-217, 222, 225 bis, 228, 229, 234, 235, 237, and 248.
Maps. Paris, 1873-1889.
M1n1sters des Travaux Publ1csnth July 18qo.
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From 1st July to 30TH September 189o.
Titles of Books.
Donors.
Beyr1ch, E.—Ueber Geognostische Beobachtungen G. Schweinfurth's in der Wiiste
zwischen Cairo und Sues. 8° Pam. Berlin, 1882.
Bronn's Klassen und Ordnungen des Thier-Reichs. Band II, Abth. 3, lief. 7-0.
Band IV, lief. 12-14. 8° Leipzig, 189o.
Cameron, Peter.—A monograph of the British Phytophagous Hymenoptera. Vol. III.
(Ray Soc. Vol. for 1889). 8° London, 189o.
G1rard, Jules.— Recherches sur les Tremblements de Terre. 8° Paris, 189o.
Green, William Spotswood.—Among the Selkirk Glaciers, being the account of a rough
survey in the Rocky Mountain Regions of British Columbia. 8°
London, 189o.
Groth, Paul.—Ueber die Molekularbeschaffenheit der Krystalle. 4° Pam. Munchen,
1888.
Royal Bavar1an Academy.
Hoernes, R. and Au1nger, M.—Die Gasteropoden der Meeres-Ablagerungen der
ersten und zweiten Miocanen Mediterran-Stufe in der OsterreichischUngarischen Monarchic Lief. VI. 4° Wien, 189o.
Hyatt, Alpheus.—Genesis of the Arietidae. 40 Washington, 1889.
The Author.
Kloos, J. H.— Entstehung und Bau der Gebirge erlautert am Geologischen Bau des
Harzes. 8° Braunschweig, 1889.
Kloos, J. H. and MCllbr, Max.—Die Hermannshohle bei Riibeland. 4° Weimar,
1889.
L1ndsay, Lord.—Screw-cutting Tables, for engineers and machinists : giving the values
of the different trains of wheels required to produce screws of any pitch.
8° London,^1878.
Lommel, Eugen.—Georg Simon Ohm's wissenschaftliche Leistungen. 40 Pam.
Munchen, 1889.
Royal Bavar1an Academy.
PataeontologIe Francaise. 1re serie, Animaux Invertébres, Eocene Echinides, livr, 20.
8° Paris, 189o.
Sa1se, Walter.— Exploration of Palamow Coal-field (Daltongunj). Flsc. Calcutta, 189o«
E. I. Ra1lway.
Schuyler, Eugene.—Turkistan : notes of a journey in Russian Turkistan, Khokand,
Bukhara, and Kuldja. 3rd edition, Vols. I—II. 8° London, 1876.
Schwb1nfurth, G.— Ueber die Geologische Schichtengliederung des Mokattam bei
Cairo. 8° Pam. Berlin, 1883.
Schwb1nfurth, G.—Sur une recente exploration geologique de 1* Ouadi Arabah.
8° Pam. Le Caire, 1888.
Shaler, N. S —Aspects of the Earth: a popular account of some familiar geological
phenomena. 8° London, 1890.
Shelley, C. P. B.—Workshop appliances including descriptions of some of the gaug
ing and measuring instruments, hand-cutting tools, lathes, drilling,
planing, and other mach1ne-tools used by Engineers. 8th edition.
8° London, 1888.
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Spon's Mechanics' Own Book : a manual for handicraftsmen and amateurs. 3rd
edit1on. 8° London, 1889.
Stanley, Henry M.—\r\ Darkest Africa, or the quest, rescue, and retreat of Emin,
Governor of Equatoria. Vols. I— II. 8° London, 189o.
Tryon, George W.—Manual of Conchology, structural and systematic. Continued by
H. A. Pilsbry. Vol. XII, pt. 45 ; and 2nd series, Vol. VI, part 21.
8° Philadelphia, 189o.
Waterhouse, J.— Practical notes on the preparation of drawings for photographic
reproduction. With a sketch of the principal photo-mechanical printing
processes. 8° London, 1890.

PERIODICALS, SERIALS, &c.
American Journal of Science. 3rd series, Vol. XXXIX, No. 234 to Vol. XL No 216
8°. New Haven, 1800.
tIhr **»Ed1tors.
'
*
American Natural1st. Vol. XXIII, No. 276, and Vol. XXIV, Nos. 281 and 287 *»
Philadelphia, 1889.90.
3" 8
Annalen der Physik und Chemie. Neue Folge, Band XL, heft 2-4, and Band XLI
heft 1. 8° Leipzig, 189o.
'
Annales de Geologie et de Paleontologie. Livr. 7—8. 40 Palerme, 1890
Annales des Sciences Geologiques. Tome XXII. 8° Paris, 1889.
Annales des Sciences Naturelles. 7"' serie, Botanique,' Tome XI Nos 2-7 8f
Paris, 189o.
'
"*
Annals and Magazine
of
Natural
History.
6th
series,
Vol.
VI
Nos
71
11
London, 189o.
'
" J 'i3' 09f»
Annuaire Geologique Universel Revue de Geologie et Paleontologie. Tome V (1888)
m 8° «aris' l889'» , ,
The Ed1tors.'
Athenaium. Nos. 3267-3279. 4° London, 189o.
Beiblatter zu den Annalen der Physik und Chemie. Band XIV, Nos. <.7 8°
Leipzig, 1890.
Chemical News. Vol. LXI, No. 1593 to LXII. No. 1605. 40 London 1800
Colliery Guardian. Vol. LIX, No. 1536, to LX, No. 1548. Fol. London, 1890
Geological Magaz1ne. New series, Decade III, Vol. VII, Nos. 7-9. 8° London
189o.
'
Indian Engineering. Vol. VII, No. 26, and VIII, Nos. 1-13. Flsc. Calcutta, 1890.
Iron. Vol. XXXV, No. 908 to XXXVI, No. 92o. Fol. London, ,890
' ' °OYL£London, Ed1nburgh, and Dublin Philosophical Magazine and Journal of Science <th
series, Vol. XXX, Nos. 182-184. 8° London, 1890
- '
M1n1ng Journal. Vol. LX, Nos. 2858-287o. Fol. London, 189a
Nature. Vol. XLII, Nos. 1075-1087. 40 London, 1890.
Neues Jahrbuch fur Mineralogie, Geologie und Palaeontologie. Jahrg ,8oo Band I
heft 3, and Band II, heft 1. 8° Stuttgart, ,890.
^
'
Neues Jahrbuch fur Mineralogie, Geologie und Palaeontologie. Beilage-Band VI I heft
1. 8° Stuttgart, 1890.
'
Palaeontographica. Band XXXVII, lief. t. 4° Stuttgart, 1 890.
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Petermann's Geographische Mittheilungen. Band XXXVI, Nos. 7-8. 4° Gotha, 1890.
The Ed1tor.
The Indian Engineer. Vol. IX, Nos. 168-181. 40 Calcutta, 189o.
J. Mc Intyrb.

GOVERNMENT SELECTIONS, REPORTS, &c
Burma.—Annual report on the Light-houses and Light-vessels off the coast of Burma
for 1889-9o. Flsc. Rangoon, 189o.
Ch1ef Comm1ss1oner, Burma.
„
Tables for the transliteration of Burmese into English, with lists showing the
names in English and Burmese, of the divisions, districts, sub-divisions,
townships, and circles of Burma, also of the post offices, railway stations,
police offices, and other places of interest. 8° Rangoon, 189o.
Revenue and Agr1cultural Department.
Ind1a.— Administration report on the Railways of India for 1889-90. Part I. Flsc
Simla, 189o.
Government of Ind1a.
„
Government of India. Civil Budget Estimate for 1890-91. Flsc. Calcutta,
189o.
Government of Ind1a.
,,
List of Officers in the Survey Departments, and in the offices of the Meteorolo
gical Reporter to the Government of India; Trustees, Indian Museum ;
Reporter on Economic Products; Director, Botanical Department.
Northern India; and General Superintendent, Horse-Breeding Depart
ment; corrected to 1st July 1890. 8° Calcutta, 1890.
Government of Ind1a.
„
Quarterly Indian Army List for July 1st, 189o. New series, No. 4. 8° Calcutta,
189o.
Government of Ind1a.
„
Selections from the Records of the Government of India, Foreign Department.
Nos. 270-271, Flsc. Calcutta, 189o.
Fore1gn Department.
Madras.—A manual of the Kurnool district in the Presidency of Madras. By Narahari Gopalakristnamah Chetty. 8° Madras, 1886.
Madras Government.
„
A manual of the Nilagiri district in the Madras Presidency. By H. B. Grigg.
b° Madras, 1880.
Government of Madras.
„
A manual of the North Arcot district in the Presidency of Madras. By
Arthur F. Cox. 8° Madras, 1881.
Government of Madras.
„
A manual of the Salem district in the Presidency of Madras. By H. Le Fanu.
Vols. I—II. 8° Madras, 1883.
Government of Madras.
„
A manual of the Tinnevelly district in the Presidency of Madras. By
A. J. Stuart. 8° Madras, 1879.
Government of Madras.
Malabar. By William Logan. Vols. I—II. 8* Madras, 1887.
Government of Madras.
„
Manual of the Coimbatore district in the Presidency of Madras. By
F. A. Nicholson. 8° Madras, 1887.
Government of Madras.
The Ganjam District Manual. By T. J. Maltby. 8° Madras, 1S82.
Government of Madras.
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Madras.— Report on the Medical Topography and Statistics of the Provinces of Malabar
and Canara. Compiled from the records of the Medical Board Office8° Madras, 1844.
Dr. W1ll. K1ng.

TRANSACTIONS, PROCEEDINGS, &c OF SOCIETIES, SURVEYS, &c.
Adela1de.—Transactions and Proceedings and Report of the Royal Society of South
Australia. Vol. XII. 8° Adelaide, 1889.
The Soc1ety.
Balt1more.—American Chemical Journal. Vol. XII, No. 7. 8° Baltimore, 1890.
Johns Hopk1ns Un1vers1ty.
„
Johns Hopkins University Circulars. Vol. VII, Nos. 66-67, VIII, No. 6S,
and Vol. IX, Nos. 81-82. 4° Baltimore, 1888 and 189o.
The Un1vers1ty.
Batav1a.—Nederlandsch-Indisch Plakaatboek, 1602-1811. Door J. A. Van der Chijs.
Deel VII, 1755-1764. 8° Batavia, 189o.
Batav1an Soc1ety.
„
Notulen van het Bataviaasch Genootschap van kunsten en Wetenschappen.
Deel XXVIII, Afl. I. 8° Batavia, 189o.
Batav1an Soc1ety.
„
Tijdschrift voor indische Taal-Land-en Volkenkunde. Deel XXXIV, Afl. 1.
8° Batavia, 189o.
Batav1an Soc1ety.
Berl1n.— Abhandlungen der Koniglich Preussischen geologischen Landesanstalt.
Neue Folge, heft 1. 8° Berlin, 1889.
The Inst1tutb.
„
Abhandlungen zur Geologischen Specialkarte von Preussen und den Thuringischen Staaten. Band X, heft 2. 8° Berlin, 1890. The Inst1tute.
„
Zeitschrift der Deutschen geologischen Gesellschaft. Band XLI, heft 4.
8° Berlin, 189o. ,
German Geolog1cal Soc1ety.
Bombay.—Journal of the Bombay Natural History Society. Vol. V, Nos. 1-2. 8° Bom
bay, 189o.
The Soc1ety.
Breslau.—Jahres-Bericht der Schlesischen Gesellschaft fur vaterlandische Cultur. No.
LXVII. 8° Breslau, 189o.
Breslau Soc1ety.
Brussels.—Bulletin de la Société Royale BeIge de Géographie. Année XIV, No. 2.
8° Bruxelles, 1890.
Thb Soc1bty.
Budafbst.—Termeszetrajzi Fuzetek. Vol. XIII, No. 1. 8° Budapest, 189o.
Hungar1an Nat1onal Museum.
Calcutta.—Archaeological Survey of India. South-Indian Inscriptions, Tamil and
Sanskrit. Edited and translated by E. Hultzsch. Vol.1. 4° Madras,
189o.
The Survey.
„
Epigraphia Indica and Record of the Archaeological Survey of India.
Part V. 4° Calcutta, 1889.
The Survey.
„
Indian Museum Notes. Vol. I, No. 4. 8° Calcutta, 189o.
Ind1an Musbum.
„
Journal of the Agricultural and Horticultural Society of India. New
series, Vol. VIII, pt. 4. 8° Calcutta, 189o.
The Soc1ety.
„
Journal of the Asiatic Society of Bengal. New series, Vol. LV 1 1 1, pt. I,
Supplement; pt. II, No. 5; and Vol. LIX, pt. II, No. 2. 8° Cal
cutta, 189o.
The Soc1ety.
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Calcutta.—Proceedings of the Asiatic Society of Bengal. Nos. III—V. 8° Calcutta,
189o.
The Soc1ety.
Records of the Geological Survey of India. Vol. XXIII, pt. 3. 8° Calcutta,
189o.
Geolog1cal Survey of Ind1a.
„
Survey of India Department. Notes for June to August 189o. Flsc.
Calcutta, 189o.
Survey op Ind1a.
Cambr1dge, Mass.—Bulletin of the Museum of Comparative Zoology. Vol. XVI, No. 9,
Vol. XIX, No. 4, and Vol. XX, No. 1. 8° Cambridge, Mass.,
1890.
( The Museum.
„
Memoirs of the Museum of Comparative Zoology. Vol. XVI,
No. 3. 4a Cambridge, Mass., 1889.
The Museum.
Chr1st1an™.—Geodatische Arbeiten. Heft 6-7. 40 Christiania, 1888 and 189o.
Norweg1an Comm1ss1on.
C1nc1nnat1.—Journal of the Cinc1nnati Society of Natural H1story. Vol. XII, No. 4.
8° Cincinnati, 189o.
The Soc1ety.
Dehra Dun.—Account of the operations of the Great Trigonometrical Survey of India.
Vol. XI. 40 Dehra Dun, 189o.
Survey of Ind1a.
Ed1nburgh.—Scottish Geographical Magazine. Vol. VI, Nos. 6-9. 8° Edinburgh,
189o.
The Soc1ety.
„
Transactions of the Edinburgh Geological Society. Vol. VI, pt. 1. 8°
Edinburgh, 1890.
The Soc1ety.
Glasgow.—Glasgow University Calendar for 1890-91. 8° Glasgow, 189o.
Glasgow Un1vers1ty.
Gott1ngen.— Nachrichten von der Konigl. Gesellschaft der Wissenschaften. 1889. 8°
Gottingen, 1889.
Gott1ngen Soc1ety.
Harr1sburg.—Geological Survey of Pennsylvania. Atlas, Southern Anthracite Field,
part II, A. A. ; Atlas, Northern Anthracite Field, part V, A. A. ; Atlas,
Eastern Middle Anthracite Field, part III, A. A. 8° Harrisburg,
1889.
Geol. Survey, Pennsylvan1a.
Kon1gsbbrg.—Schriften der Physikalisch Okonomischen Gesellschaft. Jahrg. XXX
(1889). 40 Konigsberg, 189o.
Kon1gsberg Soc1ety.
Le1de.—Annates de l'ficole Polytechnique de Delft. Tome V, livr. 3-4. 40 Leide, 1890.
EcOLE PoLYTBCHNIAUB.
L1sbon.—Commission des Travaux Geologiques du Portugal. Description de la Faune
Jurassique du Portugal. Embranchement des fichinodermes par P.
de Loriol. Fasc. I. 40 Lisbonne, 189o. Geol. Survey, Portugal.
London.—Journal of the Society of Arts. Vol. XXXVIII, Nos. 1958-1971. 8°
London, 189o.
The Soc1ety.
„
Proceedings of the Royal Geographical Society. New series, Vol. XII, Nos.
6-7. 8° London, 189o.
The Soc1ety.
„
Proceedings of the Royal Society. Vol. XLVII, Nos. 289-291. 8° London,
189o.
Thb Soc1ety.
„
Proceedings of the Zoological Society of London. Part IV (1889) and part
1 (1890). 8° London, 189o.
The Soc1ety.
„
Transactions of the Zoological Society of London. Vol. XII, pt. 1o. 40
London, 189o.
The Soc1bty.
3*

Records of the Geological Survey of India.

[VOL. XXIII.

Titles of Books.
Donors.
London.—Quarterly Journal of the Geological Society. Vol. XLVI, No. 182. 8° London, 189o.'
The Soc1ety.
„
Ray Society. Cameron, Peter.—A monograph of the British Phytophagous
\
Hymenoptera. Vol. III. 8° London, 189o.
Madras.—Government Central Museum, Madras. Catalogue of Minerals, Ores, and
Rocks; with a note on meteorites, of which the fall in Southern India
has been recorded. 8° Madras, 1800.
Madras Museum.
Madr1d.—Boletin de la Sociedad Geografica de Madrid. Tomo XXVIII, Nos. 4-6.
8° Madrid, 189o.
The Soc1bty.
Manchester.—Transactions of the Manchester Geological Society. Vol. XX, Nos
18-19. 8° Manchester, 189o.
The Soc1ety.
Melbourne.—Annual report of the Secretary for Mines dur1ng 1889. Flsc. Melbourne,
189o.
M1n1ng Department, V1ctor1a.
„
Reports and Statistics of the Mining Department for the quarter ending
31st March 189o. Flsc. Melbourne, 189o.
M1n1ng Department, V1ctor1a.
„
Prodromus of the Zoology of V1ctoria. By F. McCoy. Decade XX.
8° Melbourne, 189o.
The V1ctor1an Government.
„
Transactions of the Royal Society of Victoria. Vol. I, pt. 2. 40
Melbourne, 1889.
The Soc1ety.
Moscow.—Bulletin de la Soci^té Im'pe>iale des Naturalistes. Nouvelle serie, Tome III,
No. 4; and IV, No. 1. 8° Moscou, 1890.
The Soc1ety.
Mun1ch.—Abhandhungen der Mathematisch-physikalischen classe der k. b. Akademie
der Wissenschaften. Band XVII, Abth. I. 40 Miinchen, 1889.
Royal Bavar1an Academy.
„
Sitzungsberichte der Mathematisch-physikalischen classe der lc b. Akademie
der Wissenschaften. 1888, heft III j 1889, heft I-I I. 8° Miinchen, 1889.
Royal Bavar1an Academy.
New Yore..—Annals of the New York Academy of Sciences. Vol. V, Nos. 1-3. 8°
New York, 1889.
The Academy.
„
Transactions of the New York Academy of Sciences. Vol. IX, Nos. 1-2.
8° New York, 1890.
The Acadbmy.
Par1s.—Annales des Mines. 8°e s^rie, Tome XVII, livr. 1. 8° Paris, 189o.
M1n1ng Department, Par1s.
„ Bulletin de la Soci&é Geologique de France. 3"' série, Tome XVIII, Nos.
2-3. 8° Paris, 189o.
Thb Soc1ety.
„ Mémoires de la Societé Geologique de France. 3™' serie, Tome XV, No. 2. 40
Paris, 189o.
The Soc1ety.
„ Mémoires de la Soci^té Geologique de France. Paléontologie. Tome I, fasc. I.
4* Paris, 189o.
The Soc1ety.
„ Compte Rendu des Séances de la Societé de Geographie. Nos. 11-13. 8° Paris,
1800.
The Soc1ety.
Ph1ladelph1a.—Journal of the Franklin Institute. 3rd series, Vol. XCIX, No. 6, and
Vol. C, Nos. 1-2. 8° Philadelphia, 1890.
Thb Inst1tute.
„
Proceedings of the Academy of Natural Sciences. Part I. 8° Phila.
delphia, 189o.
The Academy.
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Ph1ladelph1a.—Transactions of the American Philosophical Society. New series, Vol.
XVI, pt. 3. 40 Philadelphia, 1890.
The Soc1ety.
P1sa.—Atti della Societa Toscana di Scienze Naturali. Processi Verbali, Vol. VI, 'pp.
85-104. 8° Pisa, 1888.
The Soc1ety.
Rome.—Atti della Reale Accademia dei Lincei. Serie IV, Rendiconti, Vol. VI,
Semestre I, fasc. 8-12 and Sem. II, fasc. t. 40 Roma, 1890.
The Academy.
Salem.—Bulletin of the Essex Institute. Vol. XXI, Nos. 10-12. 8° Salem, 1889.
The Inst1tute.
San Franc1sco.— Proceedings of the California Academy of Sciences. 2nd series, Vol. II.
8° San Francisco, 1890.
The Academy.
Shangha1.—Journal of the China Branch of the Royal Asiatic Society. New series, Vol.
XVII, pt. 2; XXI, Nos. s-6; and XXIII. 8° Shanghai, 1884,1887,
and 1889.
The Soc1ety.
Stockholm.—Liste Systdmatique des publications de I' Inst1tut Royal Geologique de
Suede. 1862-1890. 8° Pam. Stockholm, 1890.
Geolog1cal Survey, Swedbn.
„
Sveriges Geologiska Undersokning. Ser. A. a. Nos. 84,100,103-107;
Ser. B. b. No. 6; Ser. C. Nos. 93-98, 100, 101, 103-111, 113-115.
With maps. 8° Stockholm, 1888-1890.
Geolog1cal Survey, Swedbn.
,,
Sveriges Geologiska Undersokning. Ser. B. b. No. 4; and ser. C.
Nos. 92, 99, and 102. 4° Stockholm, 1888-1889.
Geolog1cal Survey, Swbdbn.
St. Petbrsburo.—Bulletins du Comite Geologique. Vol. VIII, Nos. 6-10. 8° St.
Pdtersbourg, 1889-1890.
Geolog1cal Comm1ss1on, St. Petersburg.
„
Memoires du Comitd Geologique. Vol. IX, No. 1, and XI, No. I.
4° St. Petersbourg, 1889.
Geolog1cal Comm1ss1on, St. Petersburg.
Stuttgart.—Jahreshefte des Vereins fur vaterlandische Naturkunde in Wurttemberg.
Jahrg. XLVI. 8° Stuttgart, 1890.
Sydney.— Annual report of the Department of Mines, New South Wales, for 1889.
Flsc. Sydney, 1890.
Department op M1nes, N. S. Wales.
rt
Catalogue of the Australian Birds in the Australian Museum at Sydney,
New South Wales. Part II, Striges. 8° Sydney, 1890.
Austral1an Museum.
„
Guide to the contents of the Australian Museum. 8° Sydney, 1890.
Austral1an Museum.
„
Records of the Australian Museum. Vol. 1, No. 3. 8° Sydney, 1890.
Austral1an Museum.
„
Supplement to the catalogue of the Australian Accipitres or Diurnal Birds of
Prey 1n the collection of the Australian Museum at Sydney, New South
Wales. By E. P. Ramsay. 8° Sydney, 1890. Austral1an Museum.
„
Journal and Proceedings of the Royal Society of New South Wales. Vol.
XXIII, pt. 2. 8° Sydney, 1889.
The Soc1ety.
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Sydney.— Memoirs: of* the- Geological Survey of New South Wales. Palaeontology,
Nos. 3-4. 40 Sydney, 18901)
Geolog1cal Survey, New South Wales.
Proceedings of the Linnean Society of New South Wales. 2nd series, Vol. V,
pt. 1. 8P Sydney, 1890.
The Soc1ety.
Tur1n.—Atta della R. Accademia delle Scienze di Torino. Vol. XXV, disp. 11.12.
8° Torino, 188g-oo.
The Academy.
Ven1cei—Atti del Reale Istituto Veneto di Scienze; Lettere ed Arti. Serie 7, Tomo 1,
disp. 2-9. 8° Venezia, 1889-9o.
The Inst1tute.
V1bnna.—Abhandlungen der K. K. geologischen Reichsanstalt. Band XIII, heft I,
and XV, heft I. 40 Wien, 1889.
Imper1al Geolog1cal Inst1tute, W1en.
m^, Jahrbuch der Kais. Konig. geologischen Reichsanstalt. Band XXXIX, heft
3-4. 8° Wien, 1889.
Imper1al Geolog1cal Inst1tute, V1enna.
„„ Verhandlungen der, K. K. geologischen Reichsanstalt. Nos. 6-9. 8° Vienna
189o. .
Imper1al Geolog1cal Inst1tute.
VV'Asa1HGTON.-f-Annual report of the Smithsonian Institution. 1886, part 2; and 1887,
pts. 1 and 2. 8° Washington, 1889.
Sm1thson1an Inst1tut1on
„
Smithsonian Contributions to Knowledge. Vol. XXVI. 8° Wasl>
ington, 1890.
Sm1thson1an Inst1tut1on.
„
Memoirs of the National Academy of Sciences. Vol. IV, pt. 2. 40
Washington, 1889..
Nat1onal Academy, Wash1ngton.
„
Report of the Director of the Mint upon the production of the precious
metals in the U. S. during 1889. 8° Washington, 189o.
Un1ted States M1nt.
Well1ngton.—Transactions and Proceedings of the New Zealand Institute. Vol.
XXII, 1889. 8° Wellington, 189o.
The Inst1tute.
Yokohama.—Mittheilungen der Deutschen Gesellschaft fur Natur und Volkerkunde
Ostasiens. Heft 44. Flsc Yokohama, 189o.
German Soc1ety, Yokohama.
30th -October 1&qa.
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CONTENTS.
PAOI
Annual Report of thb Geolog1cal Survey of Ind1a, and of the Geolog1cal
Museum, Calcutta, for the year 1S89
.
.
»g9<
.
.
.
1
Report on the Lakadong Coal-field, Jaintia Hills, by Tom D. LaTouche, B.A., Deputy
Superintendent, Geological Survey of Ind1a. (With two plans) .
,
. 14
On the Fectoral and Pelvic Girdles and Skull of the Indian Dicynodonts, by R.
Lydekker, B.A.
17
Note on certain Vertebrate Remains/rom the Nagpur District, by R. Lydekker, B.A. ,
(With description of a Fish-skull, by A. SMITH WOODWARD, .G.a
20
Crystalline and Metamorphic Rocks of the Lower Himalaya, Garhwal and Kumaun,
Section IV, by C. S. M1ddlem1ss, B.A., Geological Survey of India. (With two
plates) .
............ 24
Note on the Bivalves of the Olive-group, Salt-range, by Oberbergrath Prof. Dr. W.
Waagen
....
........
.38
Notes on the Mudbanks of the Travancore Coast,' Ay Ph1ll1p Lake, B.A., Geological
Survey of India. (With one plate) .........41
Tri -monthly Notes
48
Add1t1ons to gf Museum.
Addit1ons to the L1brary.
GEOLOGICAL SURVEY OF INDIA.
Director.
.
W1ll1am K1ng, B.A., D.Sc. (honoris causdj , Royal Unirersity Gate Queen's), Ireland; Fellow
of the Calcutta and Madras Universities.
Superintendents.
R. Bruce Foote, F.G.S., F.M.U. (Madras Presidency).
Theodore W. Hughes Hughes, C.E., A.R.S.M., F.G.S. (Burma)
C. L. Gr1esbach, CLE., F.G.S.
,
Deputy Superintendents.
R. D. Oldham, A.R.S.M., F.G.S.: P. N. Bose, B Sc. (London), F.G.S.: Tom. D. La
Touche, B.A. (Cantab): C. S. M1ddlem1ss, B.A. (Cantab).
Assistant Superintendents.
Ph1l1p Lake, B.A. (Cantab) : P. N. Datta, B.Sc. (London), F.G.S.
Paleeontologist.
Fr1tz Noetl1ng, Ph.D. (Berlin).
Sub-Assistants.
K1shen S1ngh: H1ra Lal.
Registrar.
W. R. B1on.
Museum Assistant.
T. R. Blyth.
Geological Museum, Library, Office, Calcutta.

MEMOIRS OF THa GE.fad SURVEY OF INDIA.

V'OLv
Vol.
Vol.

L Royal 8vo, pp. 309, 1859 (out of print).
II. Royal 8vo, pp. 341, 1859 (ii< "/print).
HI. Royal Oo, pp. 438. Pt. I, 1863 (out of print). Pt, 2, 1864 (out of print.) : On
the Sub-Himalaya Ranges between the Ganges and Sutlej.
Vol.
IV. Royal 8vo. pp. 450. Pt. 1, 1863 -da 2 Rs.): Report on the Cretaceous Rocks
of Gri o iy District, Madras. Pt. 2, 1864 (price 2 Rs.) : On the structure
of the Districts of Trichinopoly, Salem, ic. Pt. 3, 1865 (price 1 Re.) : On the
Coal of Assam, jcc.
a..
V. Royal 8vo, pp. 354. Pt. t, 1865 (price 3 Rs.) : Sections fa'. N. W. Himalaya,
from Sutlej to Indus.—On the Gypsum of Spiti. Pt. 2, 1866 (price 1 Re.) : On
the Geology of Bombay. Pt. 3, 1866 (out of print) : On the Jheria Coal-field.—
G'iao'n'i Observations on Western Tibet.
V.t
VI. Royal 8a. pp. 395. Pt. 1, 1867 (price 8 As.) : On the Neighbourhood of Lvnyan,
&c., in Sind.— Geology of a Portion n. Cutch. Pt. 2, 1867 (price 2 Rs.)
Bokiro Coal-field.—R&mgarh Coal-field.—Traps of Western and Central India.
Pt. 3, 1869 (price 2 Rs. 8 As.): Tapti and Nerbudda valleys.—Frog-beds in
Bombay— Oxyglossus pus1llus.
Vol. VII. Royal 8vo, pp. 342. Pt. 1, 1869 (pricey Rs.) : Vindhyan Series.— Mineral Sta
t1stics.—Coal.—Sbillong Plateau. Pt. 2, 1870 (pr1ce 1 Re.): Karharbari Coal
field.— Deoghar Coal-field. Pt, 3, 1871 (price 1 Re.): Aden water-supply.—
Karanpura Coal-fields.
Vol. VIII. Royal 8vo, pp. 353. Pt. 1, 1hdr (price 4 Rs.) : a the Kadapah and Karnol
Formations in the Madras Presidency. Pt. 2, 1Sj2(price 1 Re.): Itkhnri Coal
field.— Daltonganj Coal-field.—Chope Coal-field.
Vol. IX. Royal 8vo, pp. iv, 358. Pt. 1, 1872 (price 4 Rs.) : Geology of Kutch. Pt, 2. 1872
(price 1 Re.) : Geology of Nagp1ir.—Geology of Sirban Hill.—Carboniferous
Ammonites, pp. 65.
VoL.
X Royal 8vo. pp. 359. Pt I (price 3 Rs.) : Geology of Madras.—Satpura Coalbasin. Pt. 2, 1874 (price 2 iw) : Geology of Pegu.
Vol.
XI. Royal 8vo, pp. 338. Pt. 1, 1874 (price 2 Rs.): Geology of Darjiling anQ Western
Duars. Pt. 2, 1876 (pr1ce 3 Rs.): Salt-regIon of Kohat, Trans-Indus : pp.230.
Vol. XII. Royal 8vo, pp. 363. Pt. 1, 1877 (price 3 Rs.) : South Mahratta Country. Pt. 2.
1876 (-ti O Rs ): Coal-fields of the Naga Hills : pp. 95.
Vol. XIII. Royal 8^0, pp. 248. Pt. 1, 1877 (price a Rs. 8 As.) : Wardha Valley Coal-field.
Pt. 2. 1877 (price 2 Rs. 8 As.) : Geology of the Rajmahal Hills.
Vol. XIV. Royal 8vo, pp. 313, 1878. Geology of the Salt-range in the Punjab.
Vol. XV. Royal 8vo, . 192. Pt. 1, 1878 (price 2 Rs. 8 As.) : Geology of the Aurunga and
Hutar Coal-fields (.aia. p Pt. 2, 1880 (price 2 Rs. 8 As.): Ramkola and
Tatapani Coal-fields (Sirguja).
Vol. XVI. Royal 8vo, pp. 264. Pt. 1, 1879 (price 1 af 8 As.): Geology of Eastern Coast
from Lat. 1S°to M'iMijnm. Pt. 2, 1880 -adn I Re. 8 As.) : The Nellore
Portion of the Carnatic. Pt. 3, 1880 (price 2 Rs.) : Coastal Region of the
Godavari District.
Vol. XVII. Royal 8vo, pp. 305. Pt. 1, 1879 (price 3 Rs.) : Geology of Western Sind. Pt. 9,
1880 {price 2 Rs.) : Trans-Indus extension of the Punjab Salt-range.
Vol. XVIII. iyi a pp. 300. Pt. I, 1881 (price 2 Rs.) : Southern Afghanistan. Pt 3,
1881 (price I Re. 8 As.): Manbhum and Singhbhum. Pt. 3, 1S81 (price a Rs.) :
Pranhita-Goddvari Valley.
VOL. XIX. Royal 8vo, pp. 242. Pt. 1, 1882 -i' 2 aat : The Cachar Earthquake of 1869.
Pt. f, 1882 (price 1 Re.) : Thermal Springs of India. Pt. 3, 1883 (price I Re.):
A catalogue of Indian Earthquakes. Pt, 4, 188d (price I Re.) : Geology of
parts a Manipur and the ita Hills.
Vol. XX Royal 8vo. pp. 240, Pt. 1, 1883 A9. 2 Rs. 8 As.) : Geology of Madura and Tinn1«velly. Pt. 2, 1883 (price 2 Rs. 8 As.) : Geological Notes on the Hills in the
ntdha.d-d of the jdd and Punjab Frontier between Quetta and Dera
Ghazi Khan.
Vol. XXI. Royal 8vo, pp. 286. Pt. I, 1884 (price 2 Rs.) : G'inf of the Lower Narbada
Valley. Pt. 2, 1884 (price I Re.) : Geology of Kathiawar. Pt. 3, 1885 (price
2 Rs.) : C.i-.ai of South Rewah. Pt. 4, 1885 (price 1 Re.) : Barren Island.
Vol. XXII. Royal 8vo, pp. 344, 1883. The Geology of Kashmir, Chamba, and Khagan.
Vol. XXIII. In preparation.
Vol. XXIV. Part 1 (1887) (price 1 Re. 8 As.). The Southern coal-fields of the Satpura
Gondwana basin.
The price fixed for these publications O 5 Rs. (tot.) each volume.
-noj of the Geology of '-od 2 Vols, and Map (out ofprint*). Pt III, Economic Geology
(pr1ce S Rs. or 10s. ). .af IV, Mineralogy, mainly Non-Economic (price . Rs).
A aOhaa- of ha'n Geology (price 1 Re. 8 As.).
* Sccond'basd copies are iait.fr available at a premium.
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Special report on the most favourable sites for Petroleum Explorations, In the Harnai
District, B.iOeOti, by R. D. Oldham. A.R.S.M., F.G.S., Deputy Superintendent ,
Geological Survey 0/ India. (WitlIa plan)
....... 57
The Sapphire Mines of Kashmir, by Tom D. LaTouche, B.A., Deputy Superintendent,
Geological Survey of India. (With three plntes)
.
,
.
.
.
• 59
The supposed Matrix of the Diamond at Wajra Karur, Madras, by PhIl1p Lake, B.A.,
Geological Survey of India. (With one plate) .
.
.
.
•
.69
NotesIndia.
on the(With
Sonapet
Gold-field, by Fr1tz Noetl1ng,
Ph.D.,. Geological
two plates)
.\ -,
.
O . Survey
.70 of. 73
FieldSurvey
Notes from
the Shan. Hills. (Upper Burma),
by Fr1tz, Noetl1ng,
of India
.
i •O • . O iPh.D.,, •Geological
.
. 78
A description of some new species of eypng,pheIeep with remarks upon their struc
tures, &c., by Professor P. Mart1n Dryce M.B., London, F.R.S., etc. (With
three pistes)
..80
Tri-monthly Notes
88
Add1t1ons to the Museum.
Add1t1ons to the L1brary.
GEOLOGICAL SURVEY OF INDIA.
Director.
Will1am K1ng, B.A., D.Sc. (honoris causa) , Royal University (late Queen's), Ireland; Fellow
of the Calcutta and Madras Universities.
Superintendents.
' •»
R. Bruce Foote, FGS.. F M.U.
Theodore W. Hughes Hughes, C.E., A.R.S.M., OGe.
C. L. Gr1rsbach, C.I.E., F.G.S.
Deputy Superintendents.
D. Oldham, A.R.S.M., F.G b : P. N Boss, B.Sc. (London), F.G.S.: Tom. D. La
Touche, B.A. (Cantab): C. S. M1ddlkhIss, B.A. (Cantab).
Assistant Superintendents.
Ph1l1p Lake, B.A. (Cantabi : P. N. Datta, B.Sc. (London), F.G.S.
Palaontologist.
Fr1tz NoetlIng, Ph.D. (Berlin).
Sub-Assistants.
K1shen S1ngh: H1ra Lal.
W.Registrar.
R. B1Oon.
Museum Ass1stant.
T. R. Blyth.
Geological Museum, Library, Office, Calcutta,
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Vol.
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I, Royal 8vo, pp.309, 1859 (out of print). Pt. I, 1856 (price 1 Re.): Preliminary
notice on the Coal and Iron of Talchir.—On the geological structure and
relations of the Talchir Coal-field.—Gold-yielding deposits of Upper Assam.—
On specimens of gold and gold dust from Shuf-gween. Pt. 2, 1858 (price
2 Rs.) : On the geological structure of a portion of the Khasi Hills.—On the geo
logical structure of the Nilghiri Hills (Madras). Pt. 3, 1859 (price 2 Rs.) : On
the geological structure and physical features of the Districts of Bankura,
Midnapore, and Orissa.—On the laterite of Orissa. On some fossil fish-teeth
of the genus Ceratodus, from Maledi, south of Nagpur.
II. Royal 8vo, pp. 341, 1859 (out of print). Pt. 1, 1860 (price 2 Rs.): On the
Vindhyan Rocks, and their associates in Bundelkand. Pt 2, 1860 (pricey Rs.) :
On the geological structure of the central portion of the Nerbudda District.—
On the tertiary and alluvial deposits of the central portion of the Nerbudda
Valley.—On the geological relations and probable geological age of the several
systems of rocks in Central India and Bengal.
III. Royal 8vo, pp. 438. Pt. 1, 1863 (price 2 Rs.) (out of print). On the geological
structure and relations of the Raniganj Coal-field.—Additional remarks on the
geological relations and probable geological age of the several systems of rocks
in Central India and Bengal.—Indian Mineral Statistics, I. Coal. Pt. 2, 1864
(price 2 Rs.) : On the Sub-Himalayan Ranges between the Ganges and Ravi.
IV. Royal 8vo, pp. 450. Pt. I, 1863 (price 2 Rs.): Report on the Cretaceous Rocks
of Trichinopoly District, Madras. Pt. 2, 1864 (price 2 Rs.) (out of print) : On
the structure of the Districts of Trichinopoly, Salem, &c. Pt. 3, 1865 (price
I Re.) : On the Coal of Assam, 4c.
V. Royal 8vo, pp. 354. Pt. 1, 1865 (price 3 Rs.) (out of print): Sections across
N.-W. H1malaya, from Sutlej to Indus. —On the Gypsum of Spiti. Pt. 2, 1866
(price 1 Re.) : On the Geology of Bombay. Pt. 3, 1866 (price 1 Re.): (out of
print) On the Jheria Coal-field.—Geological Observations on Western Tibet.
VI. Royal 8vo, pp. 395. Pt. 1, 1867 (price 8 As.): On the Neighbourhood of Lynyan,
4c., in Sind.—-fd.ja of a Portion of Cutch. Pt. 2, 1867 (price 2 Rs.) :
Bokaro Coal-field.—Ra1ngarh Coal-field.—Traps of Western and Central India.
Pt. 3, 1869 (price 2 Rs. 8 As.) : Tapti and Nerbudda Valleys.—Frog-beds in
Bombay— Oxyglossus pusillus.
VII. Royal 8vo, pp. 342. Pt. 1, 1X69 (price 3 Rs.) : Vindhyan Series.—Mineral Sta.
t1stics.—Coal.— Shillong Plateau. Pt. 2, 1870 (price 1 Re.): Karharbari Coal
field.— Deoghar Coal-field. Pt. 3, 1871 (price 1 Re.): Aden water-supply.—
Karanpura Coal-fields.
VIII. Royal 8vo, pp. 353. Pt. 1,1872 (price 4 Rs.) : On the Kadapah and Karnul
Formations in the Madras Presidency. Pt. 2, 1872 (price 1 Re.): Itkhuri Coal
f1eld.— Daltonganj Coal-field.—Chope Coal-field.
IX. Royal 8vo, pp. iv, 358. Pt. 1, 1872 (price 4 Rs): Geology of Kutch. Pt. a, 1872
(price 1 Re.) : Geology of Nagp1ir.—Geology of Sirban Hill.—Carboniferous
Ammonites, pp. 65.
X. Royal 8vo, pp. 359. Pt. 1, (pricey Rs.): Geology of Madras.—Satpura Coalbasin. Pt. 2, 1874 (price 2 Rs.) : Geology of Pegu.
XI. Royal 8vo, pp. 338. Pt. 1, 1874 (price 2 Rs.) : Geology of Darjiling and Western
Duars. Pt. 2, 1876 (price 3 Rs.): Salt-region of Kohat, Trans-Indus.
XII. Royal 8vo, pp. 363. Pt. 1, 1877 (price 3 Rs.) : South Mahratta Country. Pt. 2,
1876 (price 2 Rs.) : Coal-fields of the Ndga Hills.
XIII. Royal 8vo, pp. 248. Pt.1, 1877 (price 2 Rs. 8 As.): Wardha Valley Coal-field.
Pt. 2, 1877 (price 2 Rs. 8 As.): Geology of the Rajmahal Hills.
XIV. Royal 8vo, pp. 313, 1878. Geology of the Salt-range in the Punjab.
XV. Royal 8vo, pp. 192. Pt. 1, 1878 (price 2 Rs. 8 As.): Geology of the Aurunga and
Hutar Coal-fields (Palamow). Pt. 2, 1880 (price 2 Rs. 8 As.) ; Ramkola and
Tatapani Coal-fields (Sirguja).
XVI. Royal 8vo, pp. 264. Pt. 1, 1879 (price I Re. 8 As.): Geology of Eastern Coast
from Lat. 15° to Masulipatam. Pt. 2, 1880 (price 1 Re. 8 As.) : The Nellore
Portion of the Carnat1c. Pt. 3, 1880 (price 2 Rs.) ; Coastal Region of the
Godavari District.
XVII. Royal 8vo, pp. 305. Pt. 1, 1879 (price 3 Rs.) : Geology of Western Sind. Pt. 2,
1880 (price 2 Rs.) : Trans-Indus extension of the -a-d Salt-range.
XVIII. Royal 8vo, pp. 300. Pt. I, 1881 (price 2 Rs.) : Southern Afghanistan. Pt. 2,
1881 (price 1 Re. 8 As.) : Mdnbhum and Singhbhum. Pt.3, 1881 (pr1ce 2 Rs.):
Prauhita-Godavari Valley.
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RECORDS OF THE GEOLOGICAL SURVEY OF INDIA.
Vol. I, 1868.
Part 1.—Annual report for 1867. The coal-seams of the Tawa Valley. On the prospects of
useful coal be!ng found in the Garrow Hills. Copper in Bundelcund. Meteorites.
Part 2.—On the coal-seams of the neighbourhood of Chanda. Coal near Nagpur. Geological
notes on the Surat collectorate. The cephalopodous fauna of the South Indian cretaceous
deposits. Lead in the district of Raepore. Coal in the Eastern Hemisphere. Meteorites,
Part 3.—General results obtained from an examination of the gastropodous fauna of the South
Indian cretaceous deposits. Notes on route from Poona to Nagpur vid Amednuggur,
Jalna, Loonar, Yeotmahal, Mangali, and Hingunghat, On the agate-flake found by Mr.
f n' in the pliocene (P) deposits of the Upper Godavery. The bonndary of the Vindhyan series in Rajputana. d.adia
Vol. II, 1869.
Part 1.—The valley of the Poorna river, West Berar. On the Kuddapah and Kurnool forma*
tions. Geological sketch of the Shillong Plateau. On the occurrence of -. in the
district of Singbhoom, &c. Memorandum on the wells now being sunk at the European
Penitentiary, and at the site for the Central Jail, Hazareebagh. Meteorites.

Part a — Annual report for 1868. Note on Pangshura Tecta and the other spec1es of Chelonia
from the newer tertiary deposits of the Nerbudda Valley. Sketch of the metamorphic rocks
of Bengal.
Part 3.—Preliminary notes on the geology of Kutch, Western India. Contributions to the
geology and physical geography of the Nicobar Islands.
Part 4.— On the beds containing silicified wood in Eastern Prome, B:itish Burmah. Mineralogical statistics of Kumaon division. The coal-field near Chanda. Lead in the Raipur
district. Meteorites.
Vol. III, 1870.
Part 1.— Annual report for 1869. On the geology of the neighbourhood of Madras. On the
alluvial deposits of the Irawadi, more particularly as contrasted with those of the Ganges.
Part 2. — Geology of Gwalior and vicinity. On the slates at Chiteli, Kumaon. On the lead vein
near Chicholi, Raipur District. The Wardha river coal-fields, Berarand Central Provinces.
Report on the coal at Korba in the Bilaspur district.
Part 3.—The Mohpani Coal-field. On the lead-ore at Slimanabad, Tabalpur district. On the
occurrence of coal east of Chhatisgurh in the country between Bilaspur and Ranchi. On
petroleum in Burma. On the petroleum locality of Sudkal, near Futtijung, west of Rawal
pindi. On the occurrence of argentiferous galena and copper in the district of Manbhum,
S. W. Frontier of Bengal. Assays of iron ores.
Part 4.—On the geology of Mount Tilla, in the Punjab. The copper deposits of Dhalbham
andSingbhum: 1.— The copper mines of Singbhum; 2.—On the copper of Dhalbhum
and Singbhum. Meteorites.
Voi. IV, 1871.
Patt I.—Annual report for 1870. Enquiry into an alleged discovery of coal near Gooty, and of
the indications of coal in the Cuddapah district. Mineral statistics of the Kumaon divi
sion.
Part 2.—The axial group in Western Prome. Geological structure of the Southern Konkan. On
the supposed occurrence of native antimony in the Straits Settlements. On the compo
sition of a deposit in the boilers of steam-engines at Ranigunj. On the plant-bearing sandstones of the Godavari valley, on the southern extension oi rocks belonging to the Kamthi
g,• to the neighbourhood of Ellore and Rajamandri, and on the possible occurrence of
coal in the same direction.
Pat t 3.—The progress and results of borings for coal in the Godavari valley near Dumagudem
and Bhadrachalam. On the Narbada coal-basin. Sketch of the geology of the Central
Provinces. Additional note on the plant-bearing sandstones of the Godavari valley.
Part 4.—The ammonite fauna of Kutch. The Raigur and Hengir (Gangpur) Coal-field. De
scription of the sandstones in the neighbourhood of the first barrier on the Godavari, and in
the country between the Godavari and Ellore.
Vol. V, 187a.
Part I.—Annual report for 1871. Rough section showing the relations of the rocks near
Murree (Mari), Punjab. pie.OpOl notes on the gneiss of South Mirzapur and adjoin
ing country. Description of the sandstones in the neighbourhood of the first barrier on
the Godavari, and in the country between the Godavari and Ellore.
Part 2.—On the geological formations seen along the coasts of Biluchistan and Persia from
Karachi to the head of the Persian Gulf, and on some of the Gulf Islands. On a traverse of
oars of the Kummummetand Hanamconda districts in the Nizam's Dominions. The geology
of Orissa. On a new coal-field in the south-eastern part of the Hydrabad (Deccan) ter
ritory.
part 3, On Maskat and Massandim on the east coast of Arabia. An example of local jointing.
On the axial group of Western Prome. On the geology of the Bombay Presidency.
Part 4.—On exploration for coal in the northern region of the Satpura basin. On the value of
the evidence afforded by raised oyster banks on the coasts of India, in estimating the
amount of elevation indicated thereby. On a possible field of coal-measures in the Godavari
district, Madras Presidency. On the lameta or infra-trappean formation of Central India.
On some recently discovered petroleum localities iu Pegu. Correction regarding the sup
posed eozoonal limestone of Yellam Bile.
Vol. VI, 1873.
Part /.— Annual report for 1872. The geology of the North-West Provinces.
Part 3 —The Bisrampur Coal-field. Mineralogical notes on the gneiss of South Mirzapur and
adjoining country.

Part 3.— Notes on a celt found by Mr. Hacket in the ossiferous deposits of the Narbada Valley
(Pliocene of Falconer): on the age of the deposits, and on the associated shells. On the
Barakars (coal-measures) in the Beddadanole field, .aO. h district. On the geology of
parts of the Upper Punjab. Coal in India. The salt-springs of Pegu.
Part 4.—On some of the iron deposits of Chanda, Central Provinces. Barren Island and Narkondam. Stray notes on the metalliferous resources of British Barmah.
Vol. VII, 1874.
Port t.—Annual report for 1873. On the geologIcal structure of the hill ranges between tbe
Indus Valley in Ladak and Shah-i-Dula on the frontier of Yarkand territory. On some
of the iron ores of Kumaon. On the raw materials for iron-smelting in the Raniganj
field. On the habitat in India of the elastic sandstone, or so-called Itacolumyte. Geolo
gical notes on part of Northern Hazaribagh.
Part 2.—Geological notes on the route traversed by the Yarkand embassy from Shah-i-Duia
to Yarkhand and K^shgar. On the occurrence of jade in the Karakash Valley, on the south
ern borders of Turkistan. Notes from the Eastern Himalaya. Petroleum in Assam. Coal
in the Garo Hills. On the i..a.y of a new locality for copper in the Narhada Valley.
Potash-salt from East India. On the geology of the neighbourhood of Mari hill station 1n
the Punjab.
Part 3.—Geological observations made on a visit to the Chaderkul, Thian Shan range. On the
former 'nin„nn of glaciers within the Kangra district. On the building and ornamental
stones of India. d.. note on the materials for iron manufacture in the Raniganj Coal
field. Manganese ore in the Wardha Coal-field.
Part 4.—The auriferous rocks of the Dambal hills, Dharwar district. Remarks on certaIn con
siderations adduced by Falconer in support of the antiquity of the human race in ludia.
Geological notes made on a visit to the coal recently discovered in the country of the Luni
Pathans, south-east corner of Afghanistan. hnf. on the progress of g-i'o'na investigation
in the Godavari district, Madras Presidency. Notes upon the subsidiary materials for
artificial fuel.
Vol. VIII, 1875.
Part 1.—Annual report for 1874. The Altum-Artush considered from a geological point of
view. On the evidences of ' ground-ice ' in tropical India, during the Talchir period.
Trials of Raniganj fire-bricks.
Part 2 (out 'j print).*—On the gold-fields of south-east Wynaad, Madras Presidency. Geolo
gical notes on the Khareean h1lls in the Upper Punjab. On water-bearing strata of the Sunt
district. Sketch of the geology of Scindia's territories.
Part j.— The Shapur Coal-field, with notice of coal explorations in the Narbada region. Note
on coal recently found near Moflong, Khasia Hills.
Part 4.—Note on the geology of Nepal. The Raigarh and Hingir coal-field.
Vol. IX, 1876.
Part 1 (out of print),*—Annual report for 1875. On the geology of Sind.
Part a.—The retirement of Dr. Oldham. On the age of some fossil floras in India. Description
of a cranium of Stegodon Ganesa, with notes on the sub-genus and allied forms. Note upon
the Sub-Himalayan series in the Jamu (Jummoo) Hills.
Part 3.—On the age of some fossil fl.'i in I ndia. On the geological age of certain groups com
prised in the Gondwana series .t India, and on the '.t'n. they afford of distinct zoologi
cal and botanical terrestrial regions in ancient epochs. On the relations of the fossiliferous
strata at Maleri and Kota, near Sironcha, C. P. On the fossil mammalian fauna; of IndIa
and Burma.
Part 4.— On the age of some fossil floras in India. On the osteology of Merycopotamusdissimilta.
Addenda and Corrigenda to paper on tertiary mammalia. Occurrence of Plesiasaurus in
India, On the geology of the Pir Panjal and neighbouring districts.
Vol. X, 1877.
Part 1.—Annual report for 1876. Geological notes on the Great Indian Desert between Sind
and Raiputana. On the occurrence of the cretaceous genus Omphalia, near Namcho Lake.
Tibet, about 75 miles north of Lhassa. On Estheria in the Gondvana formation. Notices
of new and other vertebrata .. Indian tertiary and secondary rocks. Description of a new
Emydine from the upper tertiaries of the Northern Punjab. Observations on Underground
temperature.

Part 3.—On the rocks of the Lower Godavari. On the ' Atgarh -Ma. ' near Ccttack.
On fossil floras in India. Notices of new or rare mammals from the Siwaliks. On the
Arvali series in North-eastern Rajputana. Borings for coal in India. On the geology of
India.
Part 3.—On the tertiary zone and underlying rocks in the North-west Punjab. On fossil floras in
India. On s,' occurrence of erratics in the Potwar. On recent coal explorations in the
Darjiling district. Limestones in the neighbourhood of Barakar. On some forms of
blowing-machine used by the smiths of Upper Assam. Analyses of Raniganj coals.
Part 4.—On the geology of the Mahanadi basin and its vicinity. On i. diamonds, gold, and
lead .,, of the Sambalpur district. Note on ' Eryon Comp. Barrovensis,' McCoy, from
the Sripernoatur group near Madras. On fossil floras in India. The Blaini group and the
'Central Gneiss' in the Simla Himalayas. Remarks on some statements in Mr. Wynne's
paper on the tertiaries of the North-west taj'i Note on the genera Choeromeryx and
Rhaga therium.
V.p XI, 1878.
Part /.—Annual report for 1877. On the geology of the Upper Godavari basin, between the river
Wardha and the Godavari, near the civil statIon of Sironcha. On the geology of Kashmir,
Kishtwar, and Pangi, Notices of Siwalik mammals. The tim.tiaod.i relations of the
Gondwana system. On 'Remarks, &c., by Mr. aeo-. upon erratics in the Punjab.'
Part 3.—On the geology of SInd (second notice). On the origin of f' Kumaun lakes. On a
trip over the Milam Pass, Kumaun. The mud volcanoes of Ramri and Cheduba. On the
m1neral resources of Ramri, Cheduba, and the adjacent islands.
ae 3.— Note on the progress of the oid industry in Wynaad, Nilgiri district. Notes on the
representatives of the Upper Gondwana series in Trichinopoly and Nellore-Kistna districts.
Senarmontite from Sarawak.
Part 4.—On tf geographical distribution of fossil organisms in India. Submerged forest on
Bombay Island.
Vol. XII, 1879.
Part I.—Annual report for 1878. Geology of Kashmir (d'.d notice). Further notices of Siwalik
mammalia.
tp on some Siwalik birds. Notes of a tour through Hangrang and Spiti.
On a recent mud eruption in Ramri I-ai (Arakan). On Bita.at with Rhodonite,
from near Nagpur, Central -gi.w Palaeontological notes from the Satpura coal-basin.
Statistics of coal importations into India.
Part 3.—On the Mohpani .d-fidd. On Pyrolusite with Psilomelane occurring at Gosalpur,
Jabalpur district. A geological reconnoissance from the Indus at Kushalgarh to the „.ffm
at Thai on the Afghan frontier. Further notes on the geology of the Upper -nj-.
Part 3.— On the geological features of the northern p.irt of Madura district, the Pudukotai
Stjf, and the southern oa. of the Tanjore and Trichinopoly districts included within the
limits of sheet 80 of the Indian Atlas. Rough notes on the cretaceous fossils from Trichino
poly district, collected in 1877-78. Notes on the genus di'.-1ia and other EquiseUceae, with reference to the Indian form Trizygia Speciosa, Royle, (Sphenophyllum Trizy
gia Ung.). On Mysorin and Atacamite from the Nellore district. On corundum from the
Khasi Hills. On the Joga neighbourhood and old mInes on the Nerbudda.
Par1 4.—On the ' Attock Slates ' and their probable geological position. On a marginal bone of
an undescribed tortoise, from the Upper Siwaliks, near Nila, in the Potwar, Punjab. Sketch
of the geology of North Arcot district. On the continuation of the road section from Murree
to Abbottabad.
Vol. XIII, 1880.
Part I.—Annual report for 1879. Additional notes on the geology of the Upper Godava1i basin
in the neighbourhood of Sironcha. Geology of Ladak and neighbouring districts, being
fourth aitn' of geology of Kashmir and n-fi.ai'd territories. Teeth of fossil fishes from
Ramri Island and the Punjab. Note on the fossil genera Noggerathia, Stbg., Nfiggerathiopsis, Fstm., and Rhiptozamites, Schmalh., in palaeozoic and secondary rocks of Europe, Asia,
and Australia. Notes on fossil plants from Kattywar, Shekh Budin, and .igdt On volca
nic foci of eruption in the Konkan.
Part 3.—Geological notes. Palaeontological notes on the lower trias of th' Himalayas. On the
artesian wells „ Pondicherry, and the possibility of fInding such fafi of water-supply at
Madras.
part j.—The j.On lakes. On the discovery of a celt of palaeolithic type in the Punjab. Palae
ai.aa.f notes from the Karharbari and South Rcwah coal-fields. Further nctd on the

correlation of the Gondwana flora with other floras. Additional note on the artesian wells at
Pondicherry. Salt in Rajpulana. Record of gas and mud eruptions on the Arakan coast
on 12th March 1879 and in June 1843.
Part 4 — On some pleistocene deposits of the Northern Punjab, and the evidence they afford
of an extreme climate during a portion of that period. Useful minerals of the Arvali region.
Further notes on the correlation of the Gondwana flora with that of the Australian coalbearIng system. Note on reh or alkali soIls and saline well waters. The reb soils of Upper
India. Note on the Naini Tal landslip, 1Sth September 1S80.
Vol. XIV, 1881.
Part 1.—Annual report for 1880. Geology of part of Dardistan, Baltistan, and neighbonring
districts, being fifth notice of the geology of Kashmir and neighbouring territories. Note on
some Siwalik carnivora. The Siwalik group of the Sub-Himalayan regiun. On the South
Rewah Gondwana basin. On the ferruginous beds associated with the basaltic rocks of
north eastern Ulster, in relation to Indian laterite. On some Rajmahal plants. Travelled
blocks of the Punjab. Appendix to ' Palaeontological notes on the lower trias of the Hima
layas.' On some mamc1alian fossils from Perim Island, in the collection of the Bombay Branch
of the T.oyal As:atic Society.
Part 2.—The Nahan-Siwalik unconformity in the North-western Himalaya. On some Gondwana
vertebrates. On the ossiferous beds of Hundes in Tibet. Notes on mining ifniM, and that
mining record office of Great Britain ; and the coal and metalliferous mjnes Acts of 187a
(England). On cobaltIte and danaIte from the Khetri mines, Rajputana ; with some, remarks
on Jaipurite (Syepoorite). On the occurrence of zinc ore (Smlthsonite and Blende) with
barytes, in the Karnul district, Madras. Notice of a mud eruption in the Island of Chedaba.
Part 3.—ArtesIan borings ta India. On oligoclase granite at Wangtu on the Sutlej, North-west
Himalayas. On a fish-palate from the Siwaliks. Palaeontological notes from the Hazaribagh
and Lohardagga dIstricts. Undescribed fossil carnivora from the Siwalik hills in the collec
tion of the British Museum.
Part 4.— Remarks on the unification of geologIcal nomenclature and cartography. On the geo
logy of the Arvali region, central and eastern. On a specimen of native antimony ob
tained at Pulo Obin, near Singapore. On Turgite from the neighbourhood of Juggiapett,
Kistnah district, and on zinc n.a.h' from Karnul, Madras. Note on the section
from Dalhousie to Pangi v!d the Sach Pass. On the South g.fd. Gondwana basic.
Submerged forest on Bombay Island.
Vol. XV, 1882.
Part I.—Annual report for 188t. Geology of North-west KashmIr and Khagan (being sixth
notice of geology of Kashmir and neighbouring territories). On some Gondwana Labyrinthodonts. On some Siwalik and Jamna mammals. The geology of Dalhousie, North
west Himalaya. On remains of palm leaves from the (tertiary) Murree and Kasauli beds
in India. On Iridosmine from the Noa-Dibing river, Upper Assam, and on platinum
from Chutia Nagpur. On (1) a copper mine lately opened near Yongri hill, In tbe Darjiling district ; (2) arsenical pyrites 1n the same neighbourhood; (3) kaolin at Darjilmg
(being 3rd appendix to a i .t on the geology and mineral resources of the Daaiiline
district and the Western So'm). Analyses of coal and fire-clay from the Makum coal
field, Upper Assam. Experiments on the coal of Pind Dadun Khan, Salt-range, with re
ference to the production of gas, made April aoth, 1881. Report on the proceedings and
results of the International Geological Congress of Bologna.
Part a.—General sketch of the geology of the Travancore State. The Warkilli beds and re
ported associated deposits at oGa in Travancore. Note on some Siwalik and Narbada
fossils. On the coal-bearing rocks of the valleys of the Upper Rer and the Mand rivers 1n
Western Chutia Nagpur. On the Pench river coal-field in Chhindwara district, Centra!
Provinces. On borings for coal at Engsein, British Burma. On sapphires recently dis
covered in the North-west Himalaya. Notice of a recent eruption from one of the mud
volcanoes O Cheduba.
Part 3— Note on the coal of Mach (Much) in the Bolan Pass, and of Sharag or Sharigh en
the Harnai route between Sibi and Quetta. New faces observed on crystals of stilbite from
the Western Ghats, Bombay. On the traps of Darang and Mandi in the Narth-Western
Himalayas. Further note on the connexion between the Hazara and the Kashn ir series.
On the Umaria coal-field (South Rewah Gondwana basin). The DaranggIri coal-field, Garo
Hills, Assam. On the outcrops of coal in the Myanoung division of the Henzada district.
Part 4.— On a traverse across some gold-fields of Mysore. Record of borings for coal at Beddadanol, Godavari district, in 1874, Note on the supposed occurrence of coal on the
KIstna.

t

Vol. XVI, 1883.
Part 1.—Annual report for 1882. On the genus Richthofenia, Kays (AnomIa Lawrenciana,
Koninck). On the geology of South Travancore. On the geology of Chamba. On the
basalts of Bombay.
Part 3.—Synopsis of the fossil vertebrata of India. On the Bijori Labyrinthodont. On a skull of
Hippolher1um antilopinum. On the iron ores, and subsidiary materials for the manufacture
of iron, in the north-eastern part of the Jabalpur district. On lateritic and other mangan
ese ore occurringat Gosulpore, Jabalpur district. Further notes on the Umaria coal-field.
Fart 3.—On the mIcroscopic structure of some Oalhousie rocks. On the lavas of Aden. On the
probablejoccurrence.of Siwalik strata in China and Japan. On the occurrence of mastodon
angustidens in India. On a traverse between Almora and Mussooree made in October 1882.
On the cretaceous coal-measures at Borsora, in the Khasia Hills, near Laour, in Sylhet.
Part 4.— PalaeontologIcal nat. from the Daltonganj and Hutar coal-fields in Chota Nagpur.
On the altered basalts of the Dalhousie region in the North-western Himalayas. On the
microscopic structure of some Sub-Himalayan rocks of tertiary age. On the geology of
Jaunsar and the Lower Himalayas. On a traverse through the Eastern Khasia, Jaintia, and
North Cachar Hills. On native lead from Maulmain and chromite from the Andaman
Islands. Notice of a fiery 'iop.n from one of the mud volcanoes of Cheduba Island, Arakan.
Notice.—Irrigation from wells in the North-Western Provinces and Oudh.
Vol. XVII, 1884.
Part 1.—Annual report for 1883. Considerations on the smooth-water anchorages or mud
banks of Narrakal and Alleppy on the Travancore coast. Rough notes on Billa Surgam and
other caves in the Kurnool district. On the geology of the Chuari and Sihunta parganas
of Chamba. On the occurrence of the genus Lyttonia, Waagen, in the Kuling series of
Kashmir.
Part 2.—Notes 00 the earthquake of 31st December 1881. On the microscopic structure of
some Himalayan granites and gneissose granites. Report on the Choi coal exploration. On
the re-discovery of certain localities for fossils in the Siwalik beds. On some of the mineral
resources of the Andaman Islands in the n2ighbourhood of Port BlaIr. The intertrappean
beds in the Deccan and the Laramie group in western North America.
Part 3.— On the microscopic structure of some Arvali rocks. Section along the Indus from the
Peshawar Valley to the Salt-range. On the selection of sites for borings in the RaigarhHingir coal-field (first notice). Note on lignite near RaIpore, Central Provinces. The Tur
quoise mines of Nishapur, Khorassan. Notice of a further fiery eruption from the Minbyin
mud volcano of Cheduba Island, Arakan. Report on the Langrin coal-field, South-west
Khasia Hills. Additional notes on the Umaria Coal-field.
Part 4.—On the geology of part of the Gangasulan Pargana of British Garhwal. On frag
ments of slates and schists imbedded in the gneissose granite and granite of the North*
west Himalayas. On the geology of the Takht-i-Suleman. On the smooth-water anchortges of the Travancore coast. On auriferous sands of the Subansiri river, Pondicherry
lignite, and Phosphatic rocks at Musuri. Work at the Billa Surgam caves.
aol. XVIII, 1885.
Part I.—Annual report for 18841 On the country between the Stngareni coal-field and the
Kistna river. Geological sketch of the country between the Singareni coal-field and Hy
derabad. On coal and limestone in the Doigrung river, near Golaghat, Assam. Homotaxis, as illustrated from Indian formations. Afghan field-notes.
Part 2.—A fossiliferous series in the Lower Himalaya, Garhwal. On the probable age of the
Mandhali series in the Lower Himalaya. On a second species of Siwalik camel (Camelus
Antiquus, nobis ex Falc. and Caut. MS.). On the Geology of Chamba. On the probabi
lity of obtaining water by means of artesian wells in the plains of Upper India. Further
considerations upon artesian sources in the plains of Upper India. On the geology of the
Aka Hills. On the alleged tendency of the Arakan mud volcanoes to burst into eruption
most frequently during (he rains. Analyses of phosphatic nodules and rock from Mus
sooree.
faTt 3.—On the geology of the Andaman Islands. On a thIrd species of Merycopotamus.
Some observations on percolation as affected by current. -.'. of the Pirthalla and
Chandpur meteorites. Report on the oil-wells and coal in the Thayetmyo district, British
Burma. On some antimony deposits in the Maulmain district. On the Kashmir earth
quake of 30th May 1885. On the Bengal earthquake of 14th July 1885.
Part 4.—Geological work in the Chhattisgarh division of the Central Provinces. On the Bengal
earthquake of July 14th, 1885. On the Kashmir earthquake of 30th May 1885. On the
results of Mr. H. B. Foote's further excavations in the Billa Surgam caves. On the
mineral hitherto known as Nepaulite. Notice of the Sabetmahet meteorite.

Vol. XIX, 1886.
Part /.—Annual report for 1885. On the International Geological Congress of Berlin. On
some Palseoxoic Fossils recently collected by Dr. H. aMM in the Olive group of the Sailrange. On the correlation of the Indian and Australian coal-bearing beds. Afghan and
Persian Field notes. On the section from Simla to Wangtn, and on the petrological cha
racter of the Amphibolites and Quartx-Diorites of the Sutlej valley.
Part a.—On the geology of parts of Bellary and A.ndgni districts. Geology of the Upper
Dehing basin In the Singpho Hills. On the microscopic characters of some eruptive rocka
from the Central Himalayas. Preliminary note on the Mammalia of theKarnul Caves. Me
morandum on the prospects of finding coal in Western Rajputana. Note on the Olive
Group of the Salt-range. On the discuftion regarding the boulder-beds of the Salt-range.
On the Gondwana Homotazis.
Par* 3.—Geological sketch of the Viiagapatam da.dp Madras. Preliminary note on the
geology of Northern Jesalmer. On the microscopic structure of some specimens of the
Malani rocks of the Arvali region. On the Malanjkhandi appf-.' in the Balaghat diatrict, C. P.
-G 4.—On td occurrence of petroleum In India. On the petroleum exploration at Khatan.
Boring exploration in the Chhattifgarh coal-fields. Field-notes from -t.'aOtn : No. 3,
Turkistan. NotIce of a fiery eruption from one of the mud volcanoes of Cheduba Island,
Arakan. Notice of the Nammianthal aerolite. Analysis of gold dust from the Mexa Val
ley, Upper Burma.
Vol. XX, 1887.
Part /.—Annual report for 1886. Field-notes .i. Afghanistan : No. 4, from Turkistan to
India. Physical geology of West British Garhwal ; with notes on a route traverse through
Jaunsar-Bawar and Tiri-Garhwal. On the oOijj of the Oin Hills. On some Indian
1mage-stones. On soundings recently taken off Barren Island and Narcondam. On a
character of the Talchir boulder beds. Analysis of Phosphatic Nodules from the Saltrange, Punjab.
Part a.—The fossil vertebrata of India. On the Echinoidea of the cretaceous series of the
Lower Narbada Valley, id remarks upon their geological age. Field-notes 1 No. 5—to
accompany a geological sketch map of Afghanistan and North-eastern Khorassan. On
i' microscopic structure of some specimens of the Rajmahal and Deccan traps. On the
Dolerite of the Chor. On the identity of the Olive series in the east with the speckled
sandstone in the west of the Salt-range in the Punjab.
Part 3.— The retirement of Mr. Medlicott. Notice of J. B. Moshketoffs Geo'ogy of Russian
Turkistan. Crystalline and metamorphic rocks of the Lower Himalaya, Garhwal, and Ku
maun, Section L Preliminary sketch of the geology of Simla and Jutogh. Note on the
'Lalitpur' meteorite.
Part 4.—Note on some points in Himalayan geology. Crystalline and metamorphic rocks of
the Lower Himalaya, Sirhwai and Kumaun, Section II. The iron industry of the wnd w
portion of the district of Raipur. Notes on Upper Burma. Boring exploration - the
Chhattisgarh coal-fields. (Second notice.) Some remarks on Pressure Metamorphism,
with reference to the foliation of the Himalayan Gneissose-Granite. A list and index
of papers on Himalayan Geology and O.iti a dd„tts. published in the preceding
ntnm'i of the Records of the Geological Survey at India.
Vol. XXI, 1888.
Part 1.—Annual i.a. for 1887. Crystalline and metamorphic rocks of the Lower Himalaya,
G'a-d, and .maun, Section III. The Birds'-nest or Elephant aiaa Mergui Archipe
lago. Memorandum on the results of an exploration of jessalmer, with a view to the
discovery of coal. A facetted pebble frcm the boulder bed ('speckled sandstone') of
Mount Chel in the Salt-range 1n the fao-b. Examination of nodular stones obtained
by trawling off SddO.
Part 3.—Award of the Wollaston Gold Medal, GeologIcal Society of London, 1888. The Dharwar System, the chief auriferous rock series in South India. On the Igneous rocks of the
districts of Raipur and Balaghat, ..rai Provinces. On the Sangar Marg and Mehowgala
coal-fields, Kashmir.
Part 3.—The Manganese Iron and Manganese Ores of Jabalpur. 'The Carboniferous Glacial
Period.' The sequence and correlation of the pre-tertiary do'i'iy formations of the
Simla region of O' Lower Himalayas.
Part 4.—On Indian fossil vertebrates. On the geology of the aaMi-iM Himalayas. On
blown-sand rock sculpture. Re-discovery of Nummulites in Zanskar. On some mica*
traps from Barakar and Raniganj.
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Vol. XXII, 1889.
Part1.—Annual report for 1888. The Dharwar System, the chief auriferous rock-series in
South India. (Second notice.) On the Wajra Karur diamonds, and on M. Chaper's
alleged discovery of diamonds in pegmatite near that place. On the generic position of
the so-called Plesiosaurus Indicus. On flexible sandstone or Itacolumite, with special re
ference to its nature and mode of occurrence in India, and the cause of its flexibility.
On Siwalik and Narbada Chelonia.
Part 2.—Note on Indian Steatite. Distorted pebbles in the SiwalIk conglomerate. ' The Car
boniferous Glacial Period.' Notes on Dr. W. Waagen's 'Carboniferous Glacial Period.*
On the oil-fields of Twingoung and Berne, Burma. The gypsum of the Nehal Nadi,
Kumaun. On some of the materials for pottery obtainable in the neighbourhood of Jabalpur and of Umaria.
Part 3.—Abstract report on the coal outcrops in the Sharigh Valley, Baluchistan. On the
discovery of Trilobites by Dr. H. Warth in the Neobolus beds of the Salt-range. Geolo
gical notes. On the Cherra Poonjee coal-field, in the Khasia Hills. On a Cobaltiferous
Matt from Nepal. The President of the Geological Society of London on the Interna,
tional Geological Congress of 1888. Tin-mining 1n Mergui d1strict.
Part 4.—On the land-tortoises of the Siwaliks. On the pelvis of a ruminant from the
Siwaliks. Recent assays from the Sambhar Salt-Lake in Rajputana. The Manganiferous
Iron and Manganese Ores of Jabalpur. On some Palagonite-bearing traps of the Rajmahal
hills and Deccan. On tin-smelting in the Malay Peninsula. Provis1onal index of the local
distribution of important minerals, miscellaneous minerals, gem stones, and quarry stones
in the Indian Empire. Part 1. Tri-Monthly Notes.
Vol. XXIII, 189o.
Part 1.—Annual report for 1889. On the Lakadong coal-fields, Jaintia Hills. On the Pecto
ral and pelvic girdles and skull of the Indian Dicynodonts. On certain vertebrate re
mains from the Nagpur district (with description of a fish-skull). Crystalline and me.
tamorphic rocks of the Lower Himalayas, Garhwal and Kumaun, Section IV. On the
bivalves of the Olive-group, Salt-range. On the mud-banks of the Travancore coast,
Tri-monthly Notes.
Part 3.—On the most favourable sites for Petroleum Explorations in the Harnai District, Balu
chistan. The Sapphire Mines of Kashmir. The supposed Matrix of the Diamond at
Wajra Karur, Madras. The Sonapet Gold-field. Field Notes from the Shan Hills (Upper
Burma), A description of some new species of Syringosphseridse, with h.a-i upon
their structures, &c. Tri-monthly Notes.
Part 3.—On the Geology and Economic Resources of the Country adjoining the Sind-Pishin
Railway between Sharigh and Spintangi, and of the country between it and Khattan.
(With a map.) Report of a Journey through India in the winter of 1888-89, by DrJohannes Walther, translated from the German, by R. Bruce g.i. On the Coal-fields
of Lairungao, Maosandram, and Mao-be-lar-kar, in the Khasi Hills. (With 3 plans.)
Further Note on Indian Steatite. Provisional Index of the Local Distribution of Important
Minerals, Miscellaneous Minerals, Gem Stones, and Quarry Stones in the Indian Empire
(continued from p. 286. Vol. XXII).
A number of the ' Records' will be issued in the months of February, May, August, and
November in each year. Each number will contain the additions to Library and donations to
Museum up to the first of the nai preceding month,—that is, to the end of March, June,
September, and December.
Some extra copies of special papers are printed, and may be available separately.
I. d.
R a.
Subscription for the year
4 O or a o
Price of each Number
.
.
.
.
. 2 o ,, 1 o
Postage, if for India, 4 annas additional.
„
,, Great Britain, 8 annas or 1s. per annum.
* Second-hand copies are sometimes ava1lable at a prem mm.
Apply to—
The Registrar, Geological Survey of India,
Indian Museum,
Calcutta.

MISCELLANEOUS PUBLICATIONS.
A Manual of the Geology of India. 4 Vols. With map. 1879-1887.
Vol. 1. Peninsular Area.
} By H. B. Medlicott, and W. T. Blanford. Price 8
Vol. 2. Extra-Peninsular Area, j rupees {out 0/ print).*
Vol. 3. Economic Geology. By V. Ball. Price 5 rupees.
Vol 4. Mineralogy. By F. R. Mallet. Price a rupees.
Popular guides to the geological collections in the Indian Museum, Calcutta.
No. 1. TertIary vertebrate animals. By R. Lydekker. 1879. Price 2 annas.
No. 2. Minerals. By F. R. Mallet. (1879.) Price 2 annas.
No. 3. Meteorites. By F. Fedden. (1880.) Price 2 annas.
No. 4. Palaeontological collections. By O. Feistmantel. (1881.) Price 2 annas.
No. 5. Economic mineral products. By F. R. Mallet. (1883.) Price 2 annas.
Descriptive catalogue of the coll ction of Minerals in the Geological Museum, Calcutta. By
F. .. Mallet. (1883.) Price 2 rupees.
Catalogue of the remains of Siwalik Vertebrata contaIned in the GeologIcal Depanment of the
Indian Museum. By R. Lydekker, Pt. I. Mammalia. (1885.) Price 1 rupee. Pt. II.
Aves, Reptilia, and Pisces. (1886). Price 4 annas.
Catalogue of the remains of Pleistocene and Pre-Historic Vertebrata contaIned in the Geologi
cal Department of the Indian dm'.. By R. Lydekker. (1886.) Price 4 annas.
Catalogue of the Library of the Geological Survey of India. By W. R. Bion. (1884.) Price
1 rupee.
Bibliography of Indian Geology. By R. D. Oldham. (1888.) Price 1 rupee 8 annas.
* Second-hand copies are somet1mes ava1lable at a premium.
To be had on applicatIon to the Registrar, Geological Survey, Indian Museum, Calcutta,
or through any Bookseller. London: Kegan, Paul, Trench, Tri1bner St Co.

