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PREFATORY NOTICE.

During the progress of an extended and systematic survey like that which
is now being carried out by the Geological Survey of India, it necessarily
bappens that information is obtained regarding districts, or minerals, or fossils,
which, though imperfect, is still of much value, and which forms a kink in the
chain of evidence tending to establish the age or character of the several groups
of rocks or formations in this country. It has hitherto been impossible to give
these isolated facts publicity, as it would obviously be inconsistent with the
scheme of the ¢ Memoirs of the Geological Survey of India’ to publish in them
detached facts, or minor sketches, only in anticipation of the more finished and
detailed descriptions which it would be practicable to give a little later. In
several cases, however, to wait for this more full and complete description
would be tantamount to waiting for many years. The area of the Indian
Empire is so immense, the staff of the survey so limited, that the detailed work
of each successive season makes but a very small inroad on the country yet
unvisited ; while the almost total ignorance of the geological structure of India
under which we suffered until within the last few years made it both difficult

to anticipate the importance of such isolated observations and impossible to
attempt to reduce them to any general system.

The conditions of the case, however, appear to me now to have undergone
sufficient alteration to justify, and even to demand, a more rapid publication of
such facts, though they may be isolated and imperfect. There are also many
other matters, essentially forming a portion of the labors and of the progress
of the survey, of which the public may fairly, as I think, expect a knowledge
up to the latest practicable date.

It is therefore contemi)lated to issue independently of the “ Memoirs of the
Geological Survey of India,” and of the “ Palzontologia Indica,” a separate

« cteries which shall bear to these Memoirs somewhat the same relation which in
X~ learned societies, the ¢Proceedings,’ ¢Sitzungsberichte,” ¢Monatsberichte,’
¢ Bulletins,” &c., do to the larger and more important ¢ Transactions,” ¢ Memoirs,”

:§ ¢ Abhandlungen’ ¢ Denkschriften,” &c. This series will contain a notice of the
5 ") current. work of the survey up to date; a list of contributions to the Museum or
“’: Library ; a list, and occasionally an analysis, of such books published elsewhere
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as bear upon Indian Geology; and, generally, of all facts illustrating the
immediate object of our researches, which may from time to time come to our
knowledge. *

This series will be issued of the same size and general form as the ¢ Memoirs,”
so that it may finally be bound with them, forming a second part of each volume.
It will be paged separately, and printed economically so as to be saleable at a
very low price; excepting in special cases, it will not contain any illustrations,
which in this country are always a source of great delay and cost, and so far as
practicable, a part of this series will be issued at intervals of three months.
These parts will vary in size as the matter available may vary, but within cer-
tain limits the portion referring to each year will be kept nearly of the same
extent.

The present is the first issue of these ¢ Records,” and must be looked upon
as an experiment, which will only be continued in the event of its being found
really useful,

T. OLDHAM,
Supdt., Geol. Survey of India.

CALCUTTA, June 1868.
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Annual Report of the Geological Survey of India and of the Museum of _
Geology, Calcutta, for the year 1867.

The adoption of the ordinary calendar year, from the 1lst of January to the 81st of
December, as the period to which the annual reports of the Geological Survey of India should
in fature refer, while the report of last year extended to the close of the financial year, or the
31st of March 1867, neeessaﬁf;) restricts the present report to only nine months out of the
twelve. For convenience, however, it may be desirable to consider it as including the three
months at the commencement of the year also.

During the past season, the number of the officers of the Geological Survey actually at
work has been considerably reduced, by absence on leave, and by other causes. At the com-
mencement of the season Mr. Wynne was still absent on medical certificate, and only rejoined
on the expiry of his leave towards the end of the year. Mr. W. Theobald left Il:ﬁm on
furloughe:gar a continuous and useful service of eighteen years without absence, and he has
not yet returned. Mr. F. Fedden obtained six months’ leave, and being delayed in rejoining
by stress of weather, has since obtained one month’s further leave, rejoining at the be%.nin of
December. Mr. R. B. Foote was compelled by ill health to leave rather suddenly in May last,
and is still absent. Mr. Tween also, who was in charge of the Museum in Calcutta, was
compelled to leave on medical certificate, and is still absent. .

Further, Mr. W. T. Blanford was appointed to accompany the Abyssinian ition as
Naturalist and Geologiat. And Mr. H. M. Ormsby officiated as Professy:: of Phl;:;llc)d?dlScienoo
at the Presidency College for six months, during the temporary absence of the Professor.

The working staff has, therefore, been much fewer in number than usual, and the progress
made in the geological examination of the country has been proportionally curtailed.

Taking advantage of this reduction of numbers, and the comparatively lighter amount of
work in the office, and very desirous of obtainixﬁ for the labors of the Geological Survey in
India the vast advantages which must always result from an actual comparison of specimens
and from the study of such original series as can never be hoped for in this country, I obtained
authority to proceed to Europe for a few menths during which the climatal conditions of this
country prevent the possibi :{ of field-work being carried on. Taking with me Dr. Ferd.
Stoliczka, Paleontologist to the Survey, we accomplished much, and returned to India at the

beginning of December.

With these few preliminary remarks, showing the diminished strength of establishment
with which the Geological Survey has be’en working during the past year, I shall notice in the
usual order the progress made.

BENGAL AND UpPER PrOVINCES.—In the last report I brieg({'noﬁced the reconnoissance
of the country lying south of the districts which were under detailed examination near Ranigunj
and Hazareebagh, and extending westwards to the south of the Rewah country, including a
large portion of the great drainage basin of the Mahanuddi. Proceeding from Ramghur to
Ranchi, and thence to Pertabgurh, Mr. Medlicott found the greater part of the road to extend
over the undulating highland region of Chota Nagpore. About 30 miles east of Pertabgurh,
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there is a decided ghit or sudden descent into the wide valley of the Mohun, where the far
stretching view over the low plains at once suggests a change in the nature of the rocks; there,
in fact, comes in a portion of the great central area of the rocks associated with the coal-bearin
series of India. e road itself, excepting in one or two spots where the newer formations sti
exist, runs upon crystalline rocks, keeping to the north side of the Mohun valley ; although west-
wards from Burwah, the upt{)er members of these newer formations had been noticed capping
some of the hills of the upland area, in one case themselves capped by trap.

These rocks extend from Pertabgurh to the Husdoo, through Bisrampur (80 miles), here
and there varied by a ton&ne-like extension of the crystalline rocks, forming prolongations in
most cases of hills lying to the eastward. Many of these hills by their outline show that the
crystalline rocks extend to their summit, while others form table-lands, on the scarped edges of
which the white sandstone is conspicuous. These scarps admirably exhibit the very unequal
surface of deposition on which the sandstones were formed. From the Husdoo and the plains
of Belaspur, the main mass of the crystalline rocks, which greatly predominate, lies to the
north-west, forming the hilly region of Mahtin, while the numerous and almost detached areas
of the secondary rocks (chiefly of the Talcheer series) are extensions from the eastwards, where
the tsble-to]; hills of Odeypur appear to be formed alt:)ﬁether of the sandstones. With this
extension of that series of rocks is connected the small coal basin of Koorbah. On the

Mahtin hills themselves a few remnants of the upper sandstones stand up like old fortresses
on the highest summits.

Over the area lying between the Koorbah coal-basin and the plains of Belaspur, there is

no continuous high ground. Isolated ridges, mostly of inconsiderable elevation and composed
of the crystalline rocks, occur.

In this reiion of the Mahanuddi, as also in that of the Godavery drainage basin, the onl
knowledge we had of the structure of the country was derived from the Revd. Mr. Hislop's
exertions ; he had, however, confounded rocks belonging to two distinct series, between the
depogition of which there had been an immense imterval of time. The t plains of
Chutteesghur were colored as belonging to the same series as the coal-field of Koorbah. In
reality, however, the rocks belong to that very much older series to which the general name of
Vindhyan has been given. These cover an area of more than 12,000 square miles, limestone
being the prevalent rock. On the north, they abut against the crystalline rocks; on the west,
they pass under the Deccan traps; to the south-west, they stretch to an unknown (as yet)
distance up the valley of the M uddi; to the south-east, they rest upon clgstalline rocks ;
and to the east, they are crushed up with, and upon, similar rocks ina complicated manner.’
The more recent Talcheer rocks are filled with debris from these, but nowhere was the actnal
contact or superposition visible.

The Talcheer rocks extend from the Odeygeur district to very near Sumbulpur. The
country towards Gangpur from Chaibassa is now being examined in detail, so that it need not
be more specially alluded to here. At Chaibassa itself there is the junction of the mewer
submetamorphic with the gneissose rocks. There is also a grand exhibition of trappean

ilﬁtmisions, which, it is noteworthy, occur with vastly greater frequency in the granites than in
e slates.

This extended reconnoissance of Mr. Medlicott’s will prove of very great value when we
are able to extend our detailed researches into this vast area.

The Hoharo or Karunpoora coal-field was completed in the early part of the year by
Mr. Hughes. This, as stated in my report for last year, is of considerable extent, covering an
area of not less than five hundred square miles, but it is poor in coal, few of the seams

romising well. Iron is largely smelted within this area, nearly 200 small native furnaces
geing s]tl;ﬁ at work. Later in the season Mr. Hughes completed the examination of the South
Karunpoora coal-field, also of considerable superficial area, and at the same time richer in coal.

We have unfortunately been unable to obtain maps so as to enable us to continue and
complete the examination of the coal-field of Palamow, lying to the west of those just alluded
to. We had commenced this last year, and in full hopes of being able to p: steadily to
the completion of its examination. It is highly important to obtain some trustworthy
information regarding the prospects of good fuel being discovered there, especially in connection
with the proposed execution of the Soane canals. As soon as maps are available, the geological
examination of the field will not take long.
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The smaller and comrraﬁvelzevalueless field near Eetcoora has subsequently engaged
Mr. Hughes’ attention, and it will be quite completed before the present season is over.

Last year I noticed the serious interruption to the continuity of our work in Manbhoom
caused by the maps not being ready for issue. To prevent a similar stoppage during the
present season, I obtained, at considerable expense, tracings of all the maps required to com-
plete the area, and join on to the Toj lfraphical Survey work to the south. Since the early
part of the year, therefore, Mr. V. has been en, in the Manbhoom countr{;) steadily
earg:ng his geological lines southwards : while Mr. sby has been ing the boundaries
in the adjoining country to the south and to the west, and near Ranchi. . Ball appears
to have established some interesting facts as to the connection of special groups of rocks
with certain kinds of mineral wealth.

Mr. Mallet has been engaged principally in the neighbourhood of Jhansi and Lullutpore,

ing out the geological ioundariesin tie country included in the northern portion of
Sheet 70 of the Indian Atlas. Mr. Hackett similarly has been steadily carrying his geologi-
cal lines southwards from the Gwalior country, using as the basis of his researches the
admirable maps of the Gwalior and Central India Topographical Survey.

Mr. Wilson is similarly engaged in a detailed examination of the Saugor district, and
of the country lying between that and Jubbulpore. This had been very cursorily visited
ge:ore, but when no maps existed : now we have the excellent maps recently issued of these

istricts.

Mr. Blanford’s labors during the few months at the beginning of the year have been
briefly noticed in last year’s rt. Subsequently to that, he progressed steadily to the
south, and carried his lines omundary down to the Chanda coal, where he examined the
field, and ascertained the probable extent of the coal-bearing rocks in that neighbourhood,
which is not great. A preliminary report on the coals of this field was submitted shortly
after. It is probable that a large progortion of the rocks near Chanda belong to the same
series as those in the immediate neighbourhood of Nagpur, which in my last rt I stated
had been recognized as possibly belonging to a different series. This inference has not been
altogether borne out by subsequent and closer investigation, although the necessity for
rating the rocks into a distinct group of the Damuda series has been fully established. ".’lx:e
full details have still to be workesrgut.

Mr. Blanford has since then been deputed to accompany the Abyssinian Expedition as
Naturalist and Geologist, and has joined the forces from Bombay. is is a duty for which
he is singularly well qualified, and I feel perfectly confident the results will amply justify the
wisdom of the selection.

BouBaY.—Mr. Fedden has been absent on leave for seven months of the year. On his
return, he has been deputed to join Mr. Wynne in Cutch. Mr. Wynne has been placed in
charge of the Bombay party, in consequence of Mr. W. Blanford’s absence in Abyssinia, and
aided by Mr. Fedden, he has taken up the detailed examination of Cutch.

MapRraS.—The labours of the Madras part{ have been curtailed by the abeence, as
already alluded to, of Mr. Foote. In mgslast report I expressed a hope that the close of the season
would see the examination of the Kuddapah rocks carried up to the limit of Sheet 76 of the
Indian Atlas. This was accomplished in one place; but illness in camx and inclemency of
the season prevented the whole breadth being examined so far north. general reconnois-
sance to the north of the Kistna'has shown that these sub-metamorphic rocks stop out, for a
distance at least, a few miles north of the Kistna, the gneissose rocks appearing from beneath
them, all across from the vicinity of Juggiapett round by Warupully to Xurnool. Of the
portion that now remains to be mapped in, a large area is marked on the maps as an inacces-
sible tract unsurveyed. Across this there are only one or two footpaths at considerable inter-
vals. And seeing the nature of the ground and the great intricacy of the geological lines, I
gmt&:ear that with only two assistants at work it will be impossible to get over all this
ml;ea d season. It is certain, however, that a general knowledge of its structure will be
obtained.

Of the Madras work two further quarter sheets, Sheet 78. NE. and SE., have been sent
to the engraver mouths since.

BurMaH.—]I have already in my last report detailed the pn?ress of the work in Burmah
for the few months at the commencement of the year. Mr, Theobald left, on furlough, in
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April, and is still absent, and it has not been practicable to send any one to take up his work
%ns s::son. On his return in the autumn, Mr. Theobald will resume his researches in
urmah.

PusLicaTIoNs.—During the year the Survey has issued of the Memoirs of the Geological
Survey of India, the following:—*“On the neighbourhood of Lynyan in Sind,” where coal
was said to occur: “On the Geology of a of Cutch,” where also coal was stated to have
been worked ; both by Mr. W. T. Blanford. There have also been issued a detailed report on
the Bokaro coal-field 1n the Hazareebagh district, by Mr. T. W. Hughes, and a similar one on
the Ramgurh coal-field by Mr. V. Ball. Also a general sketch report on the trap rocks of
Western and Central India, by Mr. W. T. Blanfotsf

In Sind, the coal at Lynyan, which had been the subject of many reports extending over
several years, and of considerable expenditure of time and money, proved to be merely a nest
or patch of lignite, not extending one hundred yards in any direction. Nor did there appear
any probability of other deposita occurring in the vicinity. In Cutch, the only seam of coal
seen 18 a little more than one foot in thickness, of which thickness only about eight inches is
fairly . It is, therefore, obviously not worth working. Mr. Blanford’s visit being,
unavoidably at the time, a very cursory one, a careful examination of the whole of Cutch has
this year been commenced and the results will be of high interest. This coal of Cutch is
geologically of a middle jurassic age, while the lignitic coal of Sind belongs to the lower terti-
atrg em The Bokaro and Ramgurh coal-fields belong to the ordinary coal-bearing series
(the uda) of Indian rocks. ey lie to the south of Hazareebagh, and are of consider-
able extent, but not rich in coal. And, as I have already stated, must I think be looked upon
as only useful to meet a local and limited demand, and t{is, too, only for such rougher work
a8 the inferior qua.littynof coal may be adapted for. Mr. Blanford’s report “ On the traps of
Western and Central India,” throws light on their history, extent and ¢ ter, and on their
goological epoch. Mr. Blanford thinks it highly probable that the commencement of these
great over-flowings of lava which extend over such an immense area may have occurred even
80 early as the time of the middle cretaceous period, and have continued up into tertiary ages.
Theee conclusions, however, are based upon evidence, which Mr. Blanford himself admits to be
far from conclusive. More detailed examinations must be carried out before they be admitted.
The subject is one of great interest in Indian geology.

In accordance with a demand from the Right Hon'ble the Secretary of State for India, I
prepared at the commencement of the year a brief summary statement of all that was known
regarding the coal-fields of India. Details, as full as the information obtainable admitted of,
were given “of the resources and production of coal.” During the years from 1858 to 1866,
inclusive, these returns showed an actual increase in the amount of coal raised in India, from
613} lakhs of maunds to 108} lakhs. The returns were avowedly only careful approximations,
as there was no organization for the compilation of such information, but they are probably
relatively correct. Arrangements have been made to carry on these statistics of out-turn of
coal, so far as the information can be obtained.

A new edition of the Catalogue of Meteorites in the Geological Survey Musuem, has also
been issued embodying many more recent acqulsitions in Europe. In it are recorded 152
stones, and 95 iron aerolites. These if taken in conjunction with seven others, of which the
Geological Museum, has no specimen, but which are represented in the Indian Museum, will
form a total number of two hundred and fifty-four distinet falls, represented in Calcutta: a
number which fully justifies the statement made by me in the Catalogue, that so far as the
number and variety of its specimens are concerned, the series of aerolites in Calcutta stands-
among the first in the world.

Of the Palzontologia Indica, the first half of the detailed figures and descriptions of the
Cretaceous Gastropoda of South India, has been published. This contained four parts, issued
in anticipation of the dates for the quarterly publication, and as for the year from
April 1867 to April 1868. This portion contains descriptions of 83 species, under 46 genera,
with fall analyses of the several ilies, sub-families, &c., and of their natural history rela-
tions, 80 as to form a standard guide for the student of this very important group of fossils.
I have in all cases desired to bear in mind in our publications, the very different circumstances
under which Indian readers are placed, as compared with similar students in Europe, from
the absence of collections for comparison, and books for reference, and it has, therefore, been a
steadily pursued t(;l:f’ecﬂ: to render all our descriptions, catalogues, &c., as complete in them-
gelves, and as detailed in their references, as possible. The preparation of the parts for the
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coming year is far advanced, and thef will be ready for issue punctually at the proper times.
The issue for this year (4 parts) will I hope complete the Cret s Gastropoda

It was not a little gratifying to find the high appreciation in which the publications of
the Geological Survey were held %y the geologists of Europe, duri.n%our visit last year. From
many we ﬁd applications for these works, both the Memoirs and Paleontologia, which could
not be acceded to, owing to the limited number of copies gow-avmlable. I am glad also to be
able to bear hearty testimony to the friendliness with which any progosals for exchange were
invariably received, and I only regret that this excellent system of co-operation cannot be
carried out to a much larger extent than at present. i

During the year, a report on the coal seams found near Chanda on the Wurdah river, to
the extreme south of the Nagpur territory, was submitted. As stated in last year's report,
and alluded to above, Mr. W. T. Blanford had been deputed to carry on the lines of boundary
of the several rock groups from their known limits to the north past Nagpur to the south, so
as to trace out, if ?ossib e, the actnal connection as he went alon%:im.’l'his as been done as far
south as about 19° 25’ of north latitude, or about the southern limits of the country included
in Sheet 73 of the Indian Atlas. It is not intended to convey the idea, that such an extent of
area has been worked out in detail, but the general features have been sketched in.

The rocks belonging to the coal-bearing series of India do not cover any very extensive
area in the vicinity :%mcia.nda. They extend from under the great flows of the Deccan traps,
a little to the south of Wurrooda and Legaon, in an irregular band of an_average width of
about 20 miles to the Wurdah river where this band has diminished to about 12 miles in
width. The farther extension to the south of these rocks has yet to be traced out. It is
difficult to arrive at any very satisfactory conclusions regarding the true distribution of these
rocks, inasmuch as the area under which they extend, is so thickly and widely covered with
recent and alluvial deposits, as almost entirely to conceal the solid rocks beneath. It is, how-
ever, probable that a very large portion of these rocks belong to the group developed in the

immediate vicinity of Nagpur, and in which no coal seams have been found.

The coal yet discovered near Chanda is confined to two or three localities. One is about
10 miles due west of the station at a vi called Kumbari. The bed is seen on both sides
of the Wurdah, which here forms the boun S:E between the Woon district of Berar, and the
Central Provinces. It is not easy, as no cient exposure of the coal has yet been made,
to determine the exact thickness, but it seems to be between five and six feet; the upper part
being much decomposed. It dips about 7° to the west-south-west. On the other side of the
‘Wurdah the coal cut into varied from 2 feet to 15 inches in thickness, and as in the distance
of less than 250 yards, it had thus diminished from five feet or rather maore to less than half
that thickness, the probability seems to be that the seam is very irregular if really constant at
all, and that the quantity available is therefore not sufficiently steady to justify mining on any
large scale. The quality of the coal is also poor. It yielded only 49 per cent. of fixed carbon,
that is, not one-half of the weight. There is also present a considerable quantity of iron
pyrites.

Mr. Blanford suggested that the extemt of this bed should be proved by sinkings or

borings near the village of Belora on the west, and a little to the west of the village of
Googoori on the east side of the river.

A second locality is about 10 miles south of Chanda, and about 1} miles north of
Balarpur. It is seen on the right or Hydrabad bank of the Wurdah near the vi of Sasti,
and in the bed of the river is covered by the water excepting at the driest seasons. the bank
it was cut into for seven feet, of which six were coal, the top of the seam having been denuded,
so that the total actual thickness could not be seen. It is all covered by alluvial clay formin
the bank of the river. The upper three feet appeared to consist of fair coal, shaly here an
there; the lower three feet of better quality, one foot at the bottom being the best. The
rocks all round there are so concealed as to render it difficult to form any trustworthy opinion
as to the extent or constancy of the seam. This knowledge can only be obtained by a careful
series of borings or sinkings.

The sum of Rs. 152-11-3 has been paid into the public treasury, realized during the period
referred to in this report by the sale of mmoirs, &e.

LiBrarY.—By the liberality of the Government of India, I was enabled this year to
devote a portion of the large amount sanctioned as for the estimated expenses of the Survey, but
undrawn in consequence of the absence of so many of our staff to procuring such standard-
series of works as were not within our reach from the very limited monthly sum allowed for
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books, as well as standard series of specimens of fosils, &c., for the Museum. By this
means, independently of the usual additione to our most valuable series, we have added more
than one thousand volumes, including some rare and important series.

We continue to receive regularly from the societies and institutions with which we are in
relationship of excl , their valuable transactions, journals, &c. These constitute a very
large part of the additions to our library. And it is very greatly to be wished that
this system of exchange might be extended largely. It would be by mucg the most effective
method of making our own researches known to the scientific world, while the publications we
should receive in return would more than counterbalance the cost. The literature of Geology,
Mineralogy, Palontol is rapidly increasing, and we find it impracticable even to keep u
the supply of current publications on these subjects, from the small monthly grant approprial
to the purpose.

. To our library (independently of the additions noticed above) have been added during the
nine months under report (April to December) 630 volumes or parts, of which number 248
were presented. )

MuszuM.—The usual large and varied contributions to our Museum from the labours of
the Geological Survey have continued during the season. Nome of the Survey parties have
been working in any richly fossiliferous district, so that the number of fossils obtained in this
way has not equalled that of some former years. From Europe we have procured a very
extensive and grand series of fossils, both in originals and casts. When visiting European
collections last year, I represented to the Right Hon’ble the Secretary of State the draw-
back to progrees in India, which resulted from the absence of good standard collections for
comparison, and ventured to recommend the purchase of a valuable collection then available,
the result of some ﬁve-and-twenll;y years’ researches by Prof. von Klipstein. This recommend-
ation was sanctioned, and thé collection was purchused. It has not yet been all delivered in
this country, only a few out of more than two hundred cases having as yet arrived. And I will,
therefore, defer entering into detail, until after it has bee:lﬁrwticable to go over this series, and
open it out, at least partially (for our present premises will not afford means of exhibiting it,
even to the most limited extent).

During our brief tour in Europe we also received some valuable donations of fossils,
minerals and rocks, all of which have still to arrive. A detailed list of these will be pre-
pared as they are opened out. Calexéta, 3ls¢ March 1868.

BrLaNroRD, W.T, on the Coal Seams of the Tawa valley, Baitool Dis-
trict, Central Provinces.—The coals of the Tawa Valley have fmquentlgbeen reported
upon, the last and most complete account of them being that given by Mr. J. G. Medlicott,
oFo the Geological Survey. Full details of the different seams are given in the body of his

“on the Geological structure of the Central Portion of the Nerbudda District’

report
(lfoemoirs of the Geological Survey of India, Vol. IL) or in the Appendix, page 268.

The principal localities described were the folowing—

1. Rawundeo, on the Tawa River : 21 feet 2 inches of coal seen in 8 distinct outerops,
besides some repetitions. Two of the seams are 4 feet at least in thickness at their outcrops.

2. Murdunpur and Kotri on the Machna, a tributary of the Tawa: two seams ; one
3 feet thick, the other 6 inches only.

3. Sonadi, on the Bora Nuddi, another tributary: two seams, 19 and 10 inches thick
respectively.

4. Sooki Nuddi, a 3rd tributary : two thin seams, 3 and 2} inches thick respec-
tively, and of course worthless.

Besides these, there are two seams, one 2 feet 3 inches thick, and a lower seam of 3 inches
occurring on the Machna River between Shapoor and Murdanpoor mentioned in the
det:i’i:;%ection at page 160, but not referred to in the Appendix, being probably considered
by Mr. Medlicott merely a repetition of the Murdanpoor outerops.

No new localities have since been discovered, so far as I can learn. T received information

from a native of the oocurrence of kala patthar, near Kesla, which would be an important
locality, being within 12 miles of the railway, while the nearest known outcrop of coal is

doublgythatlggtance, but on visiting the spot, I found the *black stone” indicated to be a
sandstone.
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But although no new localities have been met with, the progress in our knowledge of the
coal-bearing rocks of India during the 10 years which have elapsed since Mr. Medlicott
examined the Tawa Valley has been so great that it appeared possible that some additional
Eearticula.rs might be noted, and that a better idea of the mining prospects of the locality could

formed, In this anticipation I have not been wholly disappointed, although I regret to say
that the result of my examination is to induce me to take an even more unfavorable view of
the coal seams of the Tawa Valley than Mr. Medlicott did. I doubt if a single seam is known
to occur in the valley which could be mined to any depth with profit under existing circum-
stances, and with one sible, but very dubious exception, I am decidedly of opinion that
no seam could be worked under any possible circumstances. The possible exception is in the
Rawundeo section, to which Mr. Medlicott particularly called attention, but there are some
peculiarities, connected with the seams there found, which make me think their availability
for mining purposes doubtful.

In order to show my reasons for the unfavorable opinion formed, I shall proceed briefly to
describe the several localities. It must be remembered that these are all outcrops exposed in
streams, and that the sand in the bed of the stream shifts from season to season exposing portions
of rock and outcrops at one time, which it conceals at others. This is especially the case with
those coal seams which usually underlie beds of coarse sandstone, and the latter, being hard,
stand up in small terrace-shaped massgs against which the sand accumulates, concealing the
softer coal beds beneath. For this reason it is improbable that any two successive observers
will see exactly the same section, if their visit be in different years, and in some cases I was
unable to find again seams mentioned by Mr. Medlicott, and, vice versd, I saw some which he,
I believe, did not.

1. Sonadi.—I saw coal in three places here. Mr. Medlicott-only in two. The highest
seam is about 19 inches thick, with 4 or 5 inches of shale overlying it, and, upon this, coarse
sandstone. All other seams are thinner. The second seam in descending order is 10 inches
thick, with a roof of coarse sandstone. Beneath this comes—

feet, inches. -
Coarse sandstone, about e w 10 0
Coal er e .. O 6
Shale and shaly sandstone e . 4 0
Coal . . . e w. O 8

About 100 yards further south another seam occurs, about 1 foot 6 inches thick of coal and
shale mixed. The roof here also is of coarse sandstone.

2. Sooki Nulla.—Only strings 3 or 4 inches thick occur, as noted by Mr. Medlicott.

3. About 2 miles east of Shapur, in the Machna River, a seam 2 feet 3 inches thick is’
seen associated with shale, and a lower seam, 3 inches thick, as above mentioned. The upper
seam can be traced for a short distance, about 100 yards.

4. Murdanpur, on the Machna.—Mr. Medlicott saw two seams here ; one was probably
concealed by sand at the time of my visit, but it was only 6 inches thick. The other amounts
to 3 feet in places, but is extremely variable. The roof is again coarse sandstone. The seam
is seen for several yards along the south (right) bank of the stream, but is not seen, where,
if continuous, it should recur on the north bank. It is possible that there may be a fault,
but I could find no indication of ome; it appeared to me that the associated sandstone re-
appeared without the coal seam, and my impression was that the latter had thinned out and
vanished completely.

5. Rawundeo, on the Tawa River.—A tareful description and a measured section of
this locality are given by Mr Medlicott at page 154 of the Memoirs. Yet such changes have
been produced by the stream in 10 years that I had much difficulty in recognizing several of
the beds. I believe the rocks in the upper part of the section to be better exposed on the
whole now than they were in 1855, while tie lower portion is now comparatively concealed.
I counted 11 outerops of coal, Mr. Medlicott 13, of which he considers several to be repetitions
caused by small faults. At the same time he mentions that there was no clear evidence of
faulting, and I certainly do-not think there is any in the upper gart of the section, and I
think, so far as the number of seams exposed is concerned, that he has underrated the resources
of the spot rather than otherwise. Some of the coal is of excellent quality, and one or two
seams are 4 feet thick, in places at all events.

B
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On the other hand the roof is frequently, though not always, coarse sandstone. The
seams are not of even thicknees throughout, some, perhaps all, being very variable. Most of
them are only seen for a few feet, and in only two cases could I trace them the whole distance
across the river. Ome 8o traced varied but sligkht-l‘y in thickness, being about 1 foot to 1 foot
8 inches; the other was 2 feet thick on one bank of the stream, and gradually thinned away,
vanishing completely before reachm‘f the other bank, less than 50 yards distant. Both these
seams were associated with flags and shales.

It will thus be seen that, except at Rawundeo, not one seam is known to oocur exoeed-
ing 3 feet in thickness, and T doubt if any seam of that thickness can be profitably mined in
India. I am aware that much thinner seams are worked in England, some, I believe, not
exceeding 18 inches, though that is exceptional. But in England there are three advantages at
least which are wanting in India. These are—1. A large local demand; 2. Excellence of
quality; 3. A skilled mining population. .

In India, in a place like the Tawa Valley, there is no local demand, nor is it very

robable that there ever will be. The best Indian coal from the Damuda beds is about
galf as good as the best English coal, that is, if used in a steam engine, for instance, it takes
twice as much Indian coal to do the same work. The value consequently, weight for?
weight, is about one-half, and a 3 feet seam of Damuda coal is, on this account alone, only
an equivalent of an 18 inch seam of lish coal. Another disadvantage entailed by the
inferiority of quality, is of course, in expense for carriage.

The want of skilled labour causes more coal to be cut to waste besides largely increasing
the cost of superintendence.

Taking all the disadvantages into consideration, my own impression is that from 4 feet
6 inches to 5 feet is the minimum thickness of a coal seam which can be profitably mined
in India under ordinary circumstances. In the immediate neighbourhood o¥ a railway, or
of any other large source of demand, perhaps rather thinner seams might be worked.

Of course a considerable quantity of coal, some thousands of tons in many cases, may
be profitably extracted from thinner seams near the surface.

Of course too, the conditions of the profitable mining of Indian coal depend upon a
variety of circumstances liable to change. A mining population might ually spring
up, the demand for fuel may, and probably will, increase, while other supplies may fail or
increase in value to such an exent as to raise thozs ice of the article permanently. These other
supplies, at present, are wood and English , either of which may at any time become
unprocurable. On the other hand, if India ever attains a civilization at all approaching that
-of Europe, it will undoubtedly grow timber for fuel largely, as is done in all other civilized
oountries not rich in coal. At present the principal efforts of the whole Native population of
India, and of no inconsiderable proportion of the European population, appear to be devoted
to the destruction of the forests, and it is but fair to say that their labours have been rewarded
with great success.

Supposing, however, that seams of 4 feet in thickness could be worked or that two or three
seams were mined from one shaft, thus diminishing the ocost of sinking and of machinery,
there appears a possibility that the Rawundeo coal might be mined, especially as the
quality s, in some seams, exceptionally good. But there is still one point which must be
satisfactorily determined before the seams could be pronounced workable, and that is the
question how far the seams can be trusted to be constant in thickness.

‘Where merely small sections are seen in the banks of rivers, not extending frequently
more than § or 6 yards, this question is difficult toanswer. Of all the seams seen in the Tawa
Machns, and Bora streams, the outcrops of not more than 3 or 4 can be traced for 50 yards,
and out of these few, one in the Tawa dwindles from 2 feet to nothing in that distance, and
a second at Murdunpoor on the Machna, appears to do the same, and certainly, out of a
total of barely 3 feet, varies as much as a foot within 20 yards. Moreover, nothing is more
common than to find coal seams of variable thickness when their roof consists of coarse sand-
stone; it appears always to mark slight local unconformity, and denudation of the coal seam
beneath. But in the case of the seam at Rawundeo which is seen to thin out, its irre-
gularity is not due to this cause, the roof being of flaggy sandstone.

In describing the Ranigunj coal field, I showed that there were two sub-divisions of
the coal-bearing rocks or Damudas, the lower containing numerous coal seams of great size
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but so variable in quality and thickness, that it was doubtful if any could be largely mined,
The beds were characterized by frequent alternations of shales, flaggy beds and massive sand-
stones. In the higher sub-division of the Ranigunj beds the alternations were less numerous,
the several beds much thicker, and the coal seams more constant. I am inclined to believe that
the beds of the Tawa Valley resemble those of the lower or Barakar series of the Ranigunj
field in the peculiarities of the coal seams, as they certainly do in their position at the base of
the coal measures.*

A very important and interesting question is the obabi]itg of the occurrence of coal in
the more northern portion of the Tawa Valley near l{:sla and Bagra; in the first place,
because coal occurring there might belong to the higher and richer beds; and, secondly,
because it would be s0 much nearer to the line of railway. Time did not allow me to examine
the valley thoroughly, but a cursory inspection of the neighbourhood of Bordha and
Kesla induced me to believe that the rocks there occurring are very possibly higher in
position than the true coal bearing beds of the Damudas. April 4tk, 1866. :

H. B. MepLicoTT, On the prospects of useful Coal being found in the GiR-
BRow Hirrs, Bengal.—My report on the coal resources of the Garrow Hills admits of
being very brief. I have only to indicate the very fallacious nature of the statements, upon
which expectations have been founded.

The region to which my remarks will be limited, as bearing upon the question of the
northern extension of the Eastern Bengal Railway, comprises the hills to the south and east of
the Bramahpootra, bordering the Mymensing and Goalpara Districts. It forms the recently
created jurisdiction of the garrow Hills. It thus excludes the Cossiah Hills and Silhet, of
which the coal has already been cursorily described, and which would be beyond the range of
the object, indicated as the special reason for my mission. It will be seen that the spurious
coal of the Garrow Hills is geologically distinct from most of that already so well-known as
Silhet, or Cherra coal.

As it was conjectured, and in the main correctly, that the Garrow Hills were ﬁlogically,
as well as geographically, the continuation of the Cossish Hills, I formed the to bean
at Cherrapoonji, and so to work westward from the known to the unknown. ing to the
lateness of the season at which the project was taken up, I started from Calcutta before final
orders were received from the Home Office. But in consequence of the great delay subse-
?uently in procuring elephants, the only practicable carriage in these districts, I was unable to
eave Cherrapoonji unt's the 22nd of January. I was, therefore, prevented from carrying
on the connection of the sections so closely or continuously as I had wished. I had to hu
on to the ground where the principal object of research lay. However this unavoidable haste
may have diminished the scientific results of my season’s work, it has not, I consider, affected
the judgment I have to give on the practical question proposed. The circumstances of the
case are 8o simple as to admit of a very definite opinion.

I have examined every coal outcrop in the Garrow Hills of which I could obtain any
information. They are grouped in two localities; one on the Sumesurri river, north of
S8hushung-Durgapur in Mymensing, the other in the neighbourhood of Harigaon, at
the west of the hills near the Bramahpootra. It is the latter that has chiefly
attracted attention, as being so favorably situated with reference to the great river and to
Assam. The former position is more than fifty miles from the Bramahsootra, besides being

ted from the plains by a zome or belt of hills, ten miles wide, and being on an unnavi-

gmlle stream. Both localities are marked on the Revenue Survey maps of Mymensing and
para as cogl-bearing; and, as far as I am aware, the coal was first brought to notice by

the surveyors. There can be little doubt, that the same coal is more or less continuous
between these two localities, and that numerous other outcrops could easily be found by any
one having a slight knowledge of the rocks; but, a; from a consideration of the absence
of any prospect of improvement in the character of the coal, the difficulties of position with
reference to the means of transport, would rapidly amount to prohibition, even in the case of
a very good coal, in p ing eastwards from Harigaon. Xﬁer seeing the section on the
Sumesurri, and ﬁnd.mi that I should have little to occupy me in the outermost hills,
I wished much to be able to proceed up the Nitai, and so along the band of coal-bearing

* It is poasible that the Mopani beds, which, however, I have not seen, belong to the upper or Ranigunj
series, as do, [ think, some and perhaps all of the Pench beds also,
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strata to Harigaon; but I could not have attempted this without long preconcerted
arrangements with Lieutenant Williamson, having ha«f repeated official warnings not to ven-
ture into the Garrow country unsupported. .

The configuration of the Garrow Hills differs considerably from that of the Cossiah
Hills; while the corresponding features in each are determined by the same geological
structure. The high ‘table-land range of the Cossiah Hills rises almost abruptly from the
plains of Silhet, and is formed by undisturbed strata belonging to the cretaceous and
nummulitic formations, resting upon a basis of crystalline (metamorphic and granitic) rocks.
There is under the Cossiah Hills only a very narrow band of much lower fringing ridges,
formed of those same, or of younger, stratified rocks, but greatly broken from their original
borizontality. The outermost of these are very low, being composed of the comparatively
soft rocks of age later than the nummulitic; while the ndges of intermediate position and
elevation are for the most part determined by the nummulitic limestone, or by the cretaceous
sandstone. The higher ridges of the Garrow Hills, on the contrary, are searcely visible from
the plains of Mymensing in ordinary weather. Passing westwi from Cherrapoonji, the
zone of disturbed rocks and lower ridges intervening between the table-land and the plains
becomes wider, the boundary of the main hills having taken a W. N. W. course, while the
outer limit of the minor hills maintains its E. W. direction. It is found throughout that the
great change in the form and elevation of the hills is consistent with the appearance of the
crystalline rocks : on the Sumesurri, the gneiss comes in close to the nortgn of Seju; and
T ura mountain (upon which Lieutenant Williamson has just established his head quarters)
is the western termination of the great plateau of Shillong and Cherra, and is formed
of gneiss with the cretaceous sandstone resting on its S. W. base. In the same continuation,
up to the edge of the Bramahpootra at Singmari, the crystalline rocks appear almost con-
tinuously, under a thin covering of the same sandstone. No formation seems to be introduced
in the western expansion of the lower hills, that is, not more or less represented in the shorter
but steeper sections to eastwards. Just about Laour, in Silhet, the lowest ridges of the
outer hills are altogether cut away for a considerable length; and the nummulitic limestone
rises abruptly from the alluvium. The supra-nummulitic strata, however, soon re-appear to
the west, 1n force: on the Sumesurri they are ten miles across; and further west, on a
line S. W. from Tura, they are probably much wider.

There is a contrast in the features as well as in the extent of these minor hills in the
Garrow and Cossiah regions. To the east they present much difference of elevation, and
variety of outline; whereas from the summit of Tura one overlooks, from its base to the

lains, a monotonous expanse of insignificant hills. This seems due to several circumstances,
nfluencing the results o¥ denudation; there is a gradual diminution westwards of disturbance
in the strata, accompanied by a less induration of the older rocks; and especially is the differ-
ence of features due to the almost total extinction westwards of the limestone, a rock always
remarkable for its picturesque forms of weathering.

T have said that the coal of the Garrow Hills has been examined in two widely separate local-
ities. Although, on the Sumesurri, its position alone would preclude the profitable extrac-
tion even of an otherwise valuable coal, it will be well to describe this locality, as the section is
much more distinct than that of the more westerly region, and the boundaries of the several
groups of rocks can be easily fixed approximately. The Rajah of Shushung, who lays claim
to the sovereignty of a large tract of hills, although to all appearance his authority is unre-
cognised by the resident Garrows, has had search made for coal along the banks of the Sume-
surri. In this way two outcrops have been opened out ; and a little coal extracted for trial.
Both outcrops belong, I believe, to the same seam, repeated at the surface by contortions
of the strata. It occurs near the base of the whole stratified series, withina few yards of
the underlying crystalline rocks.

The section on the Sumesurri is as follows :—At the outermost skirts of hills, be}qw
Bijessur, we find the sands and subordinate clays of the group next above the nummulitic.
Here they dip at 40° or 50° to routhward, being very much more disturbed than at any point
bigher up the river. They rapidly settle down to a very small slope and even to horizontality ;
so much so that through the long windings of the river above and below Salagaon, the very
same beds are traceable near the water line. The most distinctive rock of this group is a
fine, soft, greenish-yellow or gray sandstone, generally massive and falgebedded, but 50 in
very regularly laminated layers. On the line of the Lekong nuddi, these soft rocks rise
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ain to the north at about 5°; and a little above the confluence, after some few score yards of
1) section, rocks of an older type crop out with dips of 40° and 50° to southwards*.

Ryuk Lamapara is on a ridge of fine, yellowish, whitc sandstone of the type asso-
ciated with the nummulitic strata. The dip is here 20° to 8. S. W ; butit immediatelylfecomes
lower, and all through the valley of Ryuk Ujanpara the nummulitic limestone shows on
the river bank, quite Thorizontal, ~This rock is y greatly changed from its conditions in
Silhet ; instead of several thick bands of strong pure limestone, there 1s now altogether about 30
or 40 feet, and for the most part earthy, ochreous and concretionary ; selected portions of it
might make good hydraulic lime and cement. It seems to be overlail(iyby earthy shaley beds,
that are rarel ex&sed; but I could not trace any symptoms of a carbonaceous deposit in this
position, which is that of the coal at Cherra.

The limestone runs quite horizontally up to the very base of a steep ridge running
W.N.W.; but within ten feet it bends up to a high dip, and is seen resting directly on a strong,
coarsish, pale sandstone more or less felspathic. The two are thus apparently conformable ;
and there would be no direct reason for considering them of very distinct ages. This ridge is
very narrow ; and there is a good section of it in the river. There may be about 200 feet of
the sandstone with occasional partings of carbonaceous shale. Along the northern flank there
is a thick band of such shale, in the midst of which occurs the coal seam. It is hers a good
deal crushed, being close to an axis of flexure, and dips at 80° to S. S. W. It is altogether a%out
three feet thick, but very unequally carbonaceous, ﬁein locally split by strings of clay and of
sand ; and it contains but few thin strings of coalPr substance. The mass of what would be
extracted as coal is a highly resinous batt or shale, full of small nests and strings of a kind of
amber; it gives a woody sound when struck, is very tough, and breaks with a large conchoidal
fracture; the lamination is observable throughout; but the whole lights readily and burns
freely, leaving a skeleton of ash.

There is a blank section of about 100 yards on the north side of the ridge, and then strong
sandstone, like that over the coal, appears on both banks, with a very slight northerly inclina-
tion, continuing so throughout the long N. 8. reach of the river. Where the river turns east-
ward this dip increases, ringing down a limestone identical with that of R y uk, and resting
on the strong sandstone. There is here a shallow synclinal, the limestone being q. p. horizon-
tal opposite Seju Lamapara, and rising rapidly on the south flank of the ridge at the point
of which stands Seju Ujanpara. The streamlets down the face of this ridge undercut the
strata, and disclose the coal seam at about the same depth from the limestone as before. These
rocks all strike into the gorge of the Sumesurri at and north of Seju Ujanpara; the
coal and the soft shales associated with it are of course eroded and concealed, but we now find
the beds which underlie them—these are about 100 feet of strong coarse sandstones just like
those over the coal; and they rest against and upon the gneiss. There is an excellent section
of the junction: the dip of the sandstone increases rapidly, being 80° to 8. W. at the contact;
but it is a natural junction, parallel to the dip of the sandstone, the base of which contains
rolled pebbles and boulders of the crystallines. The chief mass of the high irregular ridge
over Seju is of gneiss, great blocks of this rock abounding in the steep watercourses through
the sandstones at the base of the ridge.

The coal near Seju is precisely similar to that already described, only perhaps a little
better; and the scquences of the strata in the two places so exactly corrcspomr, that there can
be little doubt the coal belongs to one and the same gand; the southern outcrop being due to
the remarkable flexure of the rocks between the valleys of Ryuk and Seju. Whatever littlo
use might be made of this coal, if required on the spot, it is evident that it would not supply any
extensive demand, or repay any difficult transport. The latter obstacle seems insuperable :
the Sumesurri, although a considerable stream, is choked with silt throughout the greater
part of its course below Ry uk, where the rapids begin to be troublesome.

If the great thickness of cretaceous rocks, known in the section of the Cossiah hills, is
represented at all on the Sumesurri, it must be by these bottom sandstones and shales con-
ing the coal, here 400 to 500 feet in thickness. All the circumstances support the conjec-
ture that such is the case; as, the description of the rocks and their mode ofp relation to the
nummulitic limestone. In the Cossiah hills too there are frequent symptoms of a carbonaceous
element in the cretaceous rocks. Shortly before leaving Cherrapoonji I noticed a bed of shale,

* The limestone noted on the district map of Mymensing—(scale, 4 miles equal one inch) just above
Salagaon Ujanpara, does not show on the river ; it is probably a mistake,
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full of obscure plant remains, associated with the conglomerates at the very base of the section
under Mamluh on the west; and it is more than probable that some of the local coal beds
of the Cherra region, as, for instance, that at Moubelarka (from which the supply for
Shillong is now taken), belong to the cretaceous and not to the nummulitic deposita.

I wished much to go up the Koylas mountain from Seju; but the attempt would
have been uselees, without some more influential protector than the pretended sovereign, the
Rajah of Shushung, through whose assistance I got along the river as far asSeju. The
slight sketch tfven of this tract of the hills on the maps is very misleading, as to the relative
importance of the several hills: Koylas, though marked rather more faintly, is about three
times as high as any of the hills to west and south of it. One can see at a distance, by the
sub-horizontal tiers of cliffs on the S. W. face, that at least the upper half of the mountain
is of stratified rocks. It would seem too on the mag»mto stand outside the run of the gneiss
boun at Seju, and to be on the stripe of the band of sub-horizontal rocks just south of
Seju; thus suggesting that the whole mass of the hill is of these unaltered sedimentary
rocks. If, however, such is the case,—that the cretaceous beds pass under Koylas at the
same elevation as in the Sumesurri—the top of the hill must be formed of the younger
tertiary rocks, at a much greater elevation than these have as yet been observed west of
Jynteah. I rather conjecture that there is a sharp bend in the boundary of the crystalline
rocks, and that these form the base of Koylas; in which case the cliffs noticed on the
summit may be altogether com of cretaceous and nummulitic rocks. It is possible,
indeed, that the Feak of Koylas may be formed of a remnant of the submetamorphic
sandstones of Shillong.

As has been already stated, it is in the hills bordering the Bramahpootra, that the
uestion of a coal supply is most important, and where the greatest hopes have been raised by
e published statements of discovery. These statements are, as far as I am aware, based
upon the investigations of Mr. James Bedford who made a survey of this district in 1842,
e published maps of Mr. Bedford's coal discoveries are very imperfect reductions from the
original manuscript, of which a tracing was most obligingly suppliexe to me from the Surveyor
General's Office. In these maps the facts given are of two kinds : there are several outerops
of coal noticed in the hills north of Harigaon; and coal is said to exist in the hills south
gf Harigaon upon the evidence of debris found in the streams. I will first notice the
former.

A glance at the geological sketch map will show that Mr. Bedford’s coal outcrops at
Salkura, Champagiri and Mirampara are on the exact run of the Seju bed; and
that the circumstancee of the sections are very similar. Those three localities are on the low
table-land range of Singmari, which is now much eroded into m(:ﬁ;}u transverse ridges. All
over this range the crystalline rocks weather out from beneath a thin ca gmg of coarse friable
sandstone, often conglomeritic; and at the three places mentioned, a I eposit of shale or of
clay oocurs between the sandstone and the gneies, and which earthy deposit is very partiall
impregnated with carbonaceous matter. At Salkura and Mirampara the stuff 1s
mainly a reeinous shale, a very poor representative of the Seju coal, but quite of the same
character; at Champagiri, more to the north and between the other two places, it is a
thick bed of dark stiff clay, with insignificant strings of lignite through it. At Salkura
the gneiss shows continuously in the stream at about ten feet under the shale. At
Champagiri and Mirampara, besides occurring for some distance in the bed of the
streams between banks of the sandstone, the gneiss is seen at the edge of the range at a
higher level than the shales, with pebbly sandstone resting on it; the shales having altoge-
ther died out. All the streams form rapids or falls over the crystalline rocks at the edge of
the range. It seems s that Mr. Bedford, when he attempts to give definite names
to the varieties of the overlying rocks, and although he notices these water-falls, should
have failed to make mention of the crystalline rocks, the occurrence of which so gravely
affects the prospects of the reported coal-field.

It must have been a very small and carefully selected fragment from these ¢ coal-beds”
that yielded the analysis pablished by the Coal Committee; and it is not to be wondered at,
that ﬂr. Sweetland failegu to fulfil his engagement to “put the Committee in possession of
more satisfactory samples than they had yet seen.” It would require months of labor to
obtain a maund of anything that would support combustion. These beds have no relation
to “ the brown coal formation ;” but they were most correctly condemned by the Committee
as “ belonging to one or more small isolated basins of a spurious coal formation, and are nat
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likely to lead to any important result.” Unfortunately, in the very next paragraph of their
report, the Committee pass an encouraging judgment upon much more precarious evidence.

Passing to E. 8. E. we find the same conditions to obtain as in the Singmari ridge.
The main mass of Harigaon hill is of gneiss with the thick sandstones resting against
and upon its southern base either horizontal or with a very slight inclination to the south,
and again at Tura, the summit of which is about eight miles to E. 80° 8. of Harigaon
hill, the station at the south-west base is just to north of the gneiss boundary; and in the
stream which drains this flank of the mountain (it is the head waters of the Bunarossi) the
gneiss appears in the bed for nearly a mile below the general longitudinal bougdary, between
spurs formed of the overlying horzontal sandstone, Down this stream I was taken to see
a coal bed ; it consists of a few sticks of lignite scattered through the sandstone, at six to
ten feet above the floor of gneiss.

At Domulgiri, the stage between Harigaon and Tura, I was fortunate enough
to hit upon the pummulitic limestone; but for the clea.rini made for the few temporary
buildings, it would tfrobubly have escaped notice. The blocks of rusty stone heaped out of
the way are evidently derived from a in place—the remains of a very thin band, pro-
bably a single bed, of ochreous earthy concretionary limestone full of nummulites. ﬁ‘he
shaly clai’s that overlie it are exposeg on the side cuttings of the road leading up the hill
towards Tura; and the cretaceous sandstone occurs in the river immediately below. In
kind and in position, everything corresponds with what has been described in the section of
the Sumesurri; but the limestone is reduced to this miserable remnant, useless for any
practical purpose. This is the completion of the tendency that was already so well marked
In the limestone band on the Sumesurri, as compared with the same rock in the Silhet
sections.

As far as I penetrated to the south of Harigaon I could not discover even the debris
of the rocks overlyng the nummulitics; so I am unable even approximately to assign the
position of that line of boundary. It must be followed up continuously from the more
easterly sections.

The very small inclination, but little removed from horizontality, of the strata in this
region would render the tracing of the boundaries between the formations, as carved out by
the tortuous valleys through these low hills, a very intricate business indeed.

But there is another geological circumstance that adds much to this difficulty of fixing
the boundaries, and greatly vates the obstruction to observation offered by the dense
character of the vegetation. is is the occurrence of an older diluvial formation. At the

int of the spur over Domulgiri, on the spot where Lieutenant Williamson has built

is hut, this deposit is betrayed by the rolled blocks of crystalline rocks. Bat it is often a
sand, which, as partially indurated, cannot be certainly d.lstiniuished in the small obscure
sections, such as almost solely are exposed to view, from the rocks of the underlying forma-
tions. Along the outer margin of the hills in the Karibari region, this obstruction
amounts to a prohibition of anything like close work. In exploring the hills from Mohindro-
gunj and Kakreepara, I could never think, with any cgrtainty, upon what ground I
was standing. There can be little doubt that this deep depositin which the low hills are
half emothered corresponds with that of the well-known tract in Mymensing and Dacca
called the Madhopur jungle. The semi-laterite clay, which is there the chief rock, occurs
too among these hills.

‘We can now discuss the second statement regarding the coal resources of these hills.
The Coal Committee remarks, after condemning the only observed outcrops—* This brown-
coal formation is not to be confounded with the indications of bituminous coal in the same
district, afforded by drifted specimens in the bed of the Bunarossi river.” On Mr.
Bedford’s map, the Kalu above Domulgiri and the Bunarossi above Dumnigaon
are represented as trending indefinitely to the south, and are labelled “coal exists in these
hills.” There are several errors in this information, amounting to a complete misrepresenta-
tion of fact. From Domulgiri the Kalu keeps altogether to the north, passing omly
through the cretaceous band to the eiss, and drains the northern flank of ’lpurs. From
Dumnigaon, the Bunarossi bends steadily round to the north, and drains the west-
ern and southern flanks of Tura. I examined the bed of this river for several miles above
Dumnigaon : fragments of anything that could be called coal are exceedingly rare in it ;
and are in quality, as well as in quantity, just what might be expected to be derived from the
sticks of lignite I had noticed in the cretaceous sandstone near the source of the river; and
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such as might be procured at Champagiri or Mirampara—fragments of pure jetty
lignite. I have no doubt that such were what the Committee inaccurately speak of as
¢ bituminous coal’.

Thus it is plain to me that the unknown, undescribed, and unauthenticated “bituminous
coal” came from the condemned “ brown-coal formation ;" and that no evidence whatever exists
of any other carbonaceous deposit in the Garrow Hills.

Having satisfied myself upon the merits of all the evidence before me, and considering
that evidence sufficient to form a_judgment upon, I.did not feel called upon to incur any
further loss ofetime upon the object %y bunting for a *find’ without the smallest prospect of
success. But should any adventurous man, unsatisfied with the preceding explanations, wish
to explore further, I would offer some remarks for his assistance.

The nummulitic formation seems to exist here, on the whole, in as great force as in Silhet,
but the valuable coal there associated with it has not been detected here. The case is slightly
different from that of the limestone : this rock could scarcely escape observation if it existed;
but coal outcrops are habitually eroded and concealed. I cannot but think, however, that
some hint of i1ts presence would have been brought to light, even by such search as has been .
made. The best known (if not all) the nummulitic coal in the Cossiah Hills occurs above
limestone.

Of the cretaceous coal it may be said, that the described outerops are all at the very
margin of the original area of deposition, and that the same tendency to }c’;rm coal may have
been much more developed further out in the formation. There would be no asserting the
contrary ; but also, no a priori confirmation can be given to such a conjecture. It is, however,
evident, that the horizon of the carbonaceous band m this formation very soon passes beneath
the drainage level of the country, and it is only by boring that this supposition of development
can be fairly tested; and only by regular pit-mining with a prodigious water discharge, that a
coal in that position could be extracted. -

It would seem at first sight that the cretaceous beds on the Singmari range had over-
lapped their general line of boundary, and might extend to any distance northwards, with
expansion of the coaly band. The feature is indeed a remarkable one ; showing that, to some
extent, this terminal configuration of the crystalline axis is of pre-cretaceous origin ; but it dees
not extend far ;—at the most northerly points of this range, at Dhepkai and Singmari, the
metamorphic rocks are in place, and they occur at all points to the north where rock has been
ohserved in the valley; as at Dhubri, Bengal Khatar, and all along the southern road to
Goalpara. 28tk March, 1868. .

MALLET, F. R.—CoPPER IN BUNDLECUND.—In the 2nd Volume of the Memoirs
of the Geological Survey of India, p. 35, notice is taken of the asserted presence of
copper near the village of Sorai or Sounrai, west of the Dessaun river, in the Shahgurh
district. Mr. Medlicott therg, states that “when at Nagode, Major Ellis had drawn m
attention to this place, Sorai, as having once yielded large supplies of copper.” The Raj
of Shahgurh had mentioned it with a view to have the place examined. The specimens
he gave were all rounded as if rolled by water, and “ with a polish as if for many & long
day they had lain in a greasy pocket.” None gave any evidence of having been broken
from a vein. Mr. Medlicott visited the place, but could get no information. After persisting
for sometime he was shown a place just on the south of the village where, it was sad, copper
bad been extracted. It was a shallow trench through the limestone. Mr. Medlicott could
not find a trace of anything like a metalliferous mineral. During the past season I heard
of this place while working to the north of it, and in consequence I proceeded to the place.
It is on the Bijawur rocks, at the edge of the crystallines.

A prisoner had told the Assistant Commissioner that he could show the where
copper existed, and on being taken to the spot had pointed this out. The hole sunk by
the Assistant Commissioner was in a fissure formed on a joint in the Bijawur limestone,
heading N. E.—S. W., the walls of which were 12 to 15 inches apart. This fissure had
been filled up with clay and ﬁebbles of various kinds; Bijawur limestone, hornstone,
Bijawur ferruginous beds, Vindhyan sandstomes, &c., but none of the crystalline rocks.
At two feet from the top were bits of brick and charcoal, and at six feet from the surface,
there was a quantity of copper ore in rolled lumps, obviously the debris of some vein,

.‘_‘ : -
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mixed up with the pebbles of other rocks. It is lpossible that the lower part of the rubbish
is mueh older than the upper, but there is no clearly marked line between them. There
is, however, no copper near the top, and no bricks, &c., near the bottom. If the rubbish
be of one age, the bricks would show that the fissure had been filled in within a com-
paratively recent period, and it seemed not impossible that the ore was the result of former
workings washed into the fissure by surface water. I then tried to find any lode; the pebbles
aseociated with the copper are so various as to give no clue to its locality if it exist,
excepting the probability of iteqpbeing in the Bijawur and not in the crystalline rocks. I
carei?ully examined the neighbourhood for any indications of copper without finding a trace.
I also searched the bed of the stream which drains the locality for any loose pebbles, but
withput any result. The only way to prove it really, therefore, seemed to me to sink trial
pits. I discussed the matter with the Assistant Commissioner and gave him what inform-
ation I could on the subject; he expressed his determination to carry on the investigation
which he had commenced, and it is to be hoped that his researches will be successful.
April, 1868.

MeteoRITES.—It is well known to those who have studied the structure and character
of meteorites that, while no single element has been found in these bodies which does not
occur on our globe, and while a very large number of the combinations of these elements
to form mineral species which occur in meteorites occur also on the earth, there still remain
a few minerals which are specially confined to these bodies. The most important of these
are Native iron; Schreibersite (or the phosphide of iron and nickel) ; and Troilite, or what is
generally supposed to be the protosulphide of iron. Every extension of accurate research
which tends to diminish this number of minerals special to meteorites is of very high:
interest as bearing on the conclusions to be drawn from their composition regarding the
origin and physical condition of the planetary bodies. And in this point of view, the recent
researches of M. Stanislas Meunier, the able adjunct to Professor A. Daubrée, in charge of the
mineralogical collection at the Jardin des Plantes, Paris, possess a very wide interest. At
present we will only allude to his researches on the nature of Troilite, of which we give here
a summary. M. Meunier has also recently published a very excellent treatise, Etude des-
criptive theorique et experimentale sur les METEORITES, 8vo., Paris, 1867.

On the nature of Troilite, S. MEUNIER. “Itis known that certain meteorites,
that of Orgueil, for example,’ contain small crystals of the second rystem formed of a
sulphide of iron, having the composition and characters of magnetic pyrites, or Pyrrhotine.
This sulphide, of which the formula is Fe 7 8 8, enters into the composition of many terres-
trial rocks also.

Besides Pyrrhotine, meteorites very often present another mineral of very similar
composition and which up to the present never has been found crystallized. To this the
name of Troilite has been given. A certain number of Mineralogists, following
Mr. Lawrence Smith, attribute to it the formula Fe §, and consequently regard it as constituting
the protosulphide of iron. This distinction between Troilite and Pyrrhotine is probably
not so marked as is generally supposed. As seen, the difference in composition is very slight,
and the physical properties of the two appear very similar.

I have had lately opportunities of analysing man{espec'imens of Troilite from the
meteoric irons of Charcas and Toluca, and the numbers which I have obtained lead me
to think that this mineral is more closely allied to mn%:ietic yrites, than to the proto-
sulphide of iron. The results of these analyses will be published separately when they have
been completed and extended to a larger number of specimens, but I wish at once to call
attention to a reaction, which seems in all cases easily to distinguish the protosulphide of iron
from magnmetic pyrites, and, a fortiori, from compounds more highly sulphuretted.

It seems, at the first view, that this distinction would be very easy, but in reality it
is not so. The two minerals are of the same bronze yellow colour, their specific gravities
are very close (4'5 for Pyrrhotine, 47 for Troilite), and variable within certain limits
in different specimens : the mean composition differs very little, Pyrrhotine contains (in the
mean of results) 39:6 of sulphur to 604 of iron, and Troilite, in the mean, has 36'4 of
sulphur to 688 of iron; both are feebly attracted by the magnet; both fuse freely in the
reducing flame to @ black globule, strongly etic; both finally dissolve easily in
Hydrochloric acid, with a very abundant discharge of sulphuretted hydrogen.

It is known also that magnetic pyrites is distinguished from the protosulphide by the
deposit of sulphur which it gives, when treated with acids, but this reaction, very marked when

c
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we are dealing with masses very pure and very abundant, ir not applicable to the sulphides of
meteorites. Besides the fact that we can only operate upon very small quantities of ’lProilite,
and can therefore in every case only obtain a very trifling deposit of sulphur, it must be re-
membered that this mineral is very far from dissolving entirely in acids. It gives a
residue, in which we find carbon in the form of graphite, small hyaline grains which have
a Lﬁomposition very close to that of quartz, and small crystals which can be referred to various
silicates. .

In the practical point of view, therefore, we must sed for some reaction characteristic
for one at least of the two sulihides in question. With this object I have submitted the
protosulphide of iron and Pyrrhotine to a very large number of comparative trials.

1 shall not stop to show that the protosulphide precipitates metallic copper from its
solution exactly as iron itself does, whilst the Pyrrhotine does not; the chemical reaction
in virtue of which copper is 8o reduced offers some interesting peculiarities, and I have
submitted these to a special study. (1) Without anticipating the details, I may say that the
protosulphide of iron obtained by the wet way gives rise to 8 metallic precipitation, as well
as the same compound obtained in the dry way ; nevertheless the phenomenon is more easily

erceived in the latter case, inasmuch as the extreme sub-division of the black sulphide
eads the copper to deposit itself in grains not discernible by the eye.

I have been able to replace the chemically pure protosulphide of iron by a compound
containing a little more sulphur, produced by the preparation of sulphuretted hydrogen,
in fusing together iron and sulphur. But as soon as the proportion of the sulphur approached
that demanded by the formula of Pyrrhotine, precipitation ceased to be possible.

With a sufficient quantity of protosulphide of iron, a copper solution can be deprived
of all the copper it coutains. is experiment can be easily made with a solution of the
sulphate of the binoxide of copper; again, with a sufficient quantity-of sulphate of copper,
all the iron can be removed from the black precipitate which 18 obtained by the action of
sulpho-hydrate of ammonia on an iron solution.

These two facts show well that we have here to deal with a true chemical phenomenbn,
and not with a physical action due to capillarity or any other analogous cause.

Having established this distinctive character so easily recognized between the proto-
sulphide of iron and magnetic pyrites, I commenced a series of comparative trials on
specimens of Troilite from different sources. All these siecimens placed in the presence of
solutions of sulphate of copper, of which I varied both the concentration and the temper-
ature, proved absolufely inert. In this respect, theréfore, as also in regard to its com-
position, Troilite, according to my experiments, approaches closely to magnetic pyrites
(Pyrrhotine).

It would doubtless be rash to conclude from this its absolute identity with Pyrrhotine,
although that identity apﬁ:.rg ve;y probable. But the experiments appear to justify the
absolute separation of ilite from the protosulphide of iron, of which it possesses neither
the composition nor character, as is easily proved. Cosmios, 18th January 1868,—T. O.

(1) Certain phosphides of iron produce an analogous precipitation,
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Braxrorp, W. T, F. G. 8, on the Coal S8eams of the neighbourhood of CEHAXDA.

DuriNG the last few days I have been engaged in examining the coal seams discovered
by Captain Lucie Smith, Deputy Commissioner of Chanda, in the neighbourhood of that
station. I have the honor to forward the following report upon the prospects of the coal being
profitably mined. It will be seen that, although one seam is very promising, some further
research is necessary before a decisive opinion can be formed upon this subject. I have had
the advantage of Captain Lucie Smith’s company during my examination of the coal, and I
bave received from that officer all the information and assistance it was in his power to afford.

Coal has been found near Chanda in two localities, both upon the banks of the river
Waurda. In one of these places a seam is exposed on both banks of the river ; in the other,
only upon the right bank. The river, it should be remarked, forms the boundary between
the Central Provinces and the Nizam's Territories (including Berar)—the left bank belong-
ing to the former.

The more northern of the two localities is about 14 miles due west of Chanda station.
1t ia here that the coal is found upon both banks of the river—the right bank belonging to the
south-east or Woon district of Berar. The coal is met with upon that bank in lands

ing to the deserted village of Kumbari. It is exposed in the bottom of a small nulla
running into the river; a hole dug in the hed of the nulla showed the coal seam to be betwoen
6 and 6 feet in thickmess, the uppermost portion being much decomposed, so that the exact
amount of coal is difficult to determine. Below is grey argillaceous sandstone. The dip is
about 7° to the west-south-west.

Both above and below the coal seam there are massive felspathio sandstones, good sections
of which are exposed in the river. Thereisa Roesibiliirga that the sandstone seen north-east
of the coal seam, and which appears to underlie it, may be the upper bed repeated by a fault,
but there is no trustworthy indication of such being the case. The band of sandstone
resting upon the coal can be traced across the country for a considerable distance, and passes
just west of the village of Belora. A shaft sunk on the west side of that village would, in
all probability, cut the seam, if it extends so far.

The upon the Chanda, or left bank of the Wurdy, is ;lt the of the ri
in the lands of Googoos vi , and west of the vi of Chendoor. ed’Iiire is:m

ibility of the seam being different from that seen on the right bank ; but every appearan
18 in &:gr of its identity. An excavation made by Captain Lucie Smith, lee was oc:
the spot, gave the following sections : —
1, Coarse white sandstone seen in the river bank, and the same as that on the

posite bank of the river over the Kumbari coal ves _ vory thick,

2. White sandy shale with carbonaceous layers e oo 2 foet seen.
8. Carbonaceous shale oo vee e oe 1 foot ,,
4. Coal variable .. 1 foot 3 inches to oe 2 foot

5. Micaceous sandy shale, out into to the depth of & foot ... «w+ bottom not seen,
The dip was the same as on the opposite bank of the river.
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The coal in the small hole dug, which was not above 3 to 4 feet across, varied from about
2 foet to 1 foot Siafshmin thicknm,dmmmthu mxoeedmg dhnmmhés'o;i‘iﬁ;om6feet,ormther
more, in crossing the river, s di i not e i assuming the t;
beds zbr thﬂ:: t;lame, of whg:h tl;atr‘ouom, Iy think, be scarcely any éoubt), it appe:r:
impro e seam can be profitably mined upon a large it being likely that the
quantity of coal will be limited. pos » it boiog likely

The quality is only moderately good. Fair samples from the Kumbari portion of the
seam and from Googoos analysed in Calcutta by Mr. Tween at the Geological Survey Office,
gave the following results 1= _

Kumbari, 'Googoos,
Fixed carbon ... oo 495 40
Volatile or oo we  S6°0% 435
Ash e vor . 145 165
1600 1000

The proportion of volatile ingredients is unusually large,t especially as the coal is from
an outcrop, while the fixed carbon, which for steam purposes is alone of any value, is in very
small proportion. From a greater depth the quality would be better; but the coal is below
the average even of Indian coals,

At Kumbari there is a considerable quantity of irom pyrites scattered through the seam
in nodules and stnnﬁ which is a drawback. e coal appears remarkably liable to
decompose ; blocks which had been dug for about six weeks, and exposed to two or three days’
rain, having been broken u&into minute fragments. This liability to decomposition is donﬁz-
less partly due to the coal having been from so close to the surface, and in so unfavor-
able a spot as the bed of a nulla ; nevertheless it appears excessive.

Altogether it ap very doubtful if much use can be made of this seam. For local.

a conside quantity of inferior fuel can doubtless be obtained from it. Itis
possible that it may again thicken to the north and south. This may be tested by sinking
shafts or by boring west of the Wurda, on the west side of the village of Belora, and east
of the river about ards west of the village of Googoos. I cannot help doubting if the
bed extends so far in either direction. R

The second locality in which coal has been found is about 10 miles nearly due south.
of Chanda, and about 1} miles south of the village of Balarpur. The spot is on the
right or Hyderabad bank of the river Wurds, near the village of Sarte, and the bed is
covered by the water of the river at all times, except in the hottest and driest weather. At
the time of my visit, in the middle of April, owing to some recent showers, the river had’
risen slightly, and the bed was entirely concealed. A cutting into the bank close by, how-
ever, expoeeg the coal, and a hole was dug into it to the depth of 7 feet, of which the
upper 6 feet were coal, and the lowest foot carbonaceous shale.  Coal may, of course, recur
beneath this. But the sinking with the means at our disposal had become very difficult and
slow, owing to the reflux of water, and sufficient had been ascertained to prove the coal of

&inkneu, if constant.

workable

The w&lof the seam is not exposed, at least no rock is found overlying, and it is there-
fore impossible to say whether any of the coal has been removed with the overlying rocks or
not. Upon the coal rests an accumulation of alluvial clay forming the bank of the river.
Al therefore that can be positively stated is, that the bed at this spot is not less than 6 feet in _
thickness.

As regards quality the upper portion of the seam is, of course, somewhat decomposed,
less so, however, than might have been anticipated. The uppermost 3 feet, so far as the
state of the coal allows of” an opinion, ap to consist of fair coal, but shaley and impure
here and there. TFhe lower 3 feet are decidedly superior, indeed one foot at the bottom )
to consist of an unusually pure.and bright coal. Taking the seam as a whole, I anticipate

* This gave water 80, sulphur ‘85.
The best seam in the Pench Valley, near Chindwars, that, of Sirgori, gave on aualysis—
' S T R - A M B BT R AR ae
Volatile ... oo o o e s e s e v vr 280
Ash ., e

we e e e e ae e s s e 104
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that it will yield fairly useful fuel for all purposes, The %mﬁty of pyrites a; to
be considerable, but not excessive. It is interspersed’ throughout, and not in: nodules as at
Kumbari. It is, however, difficult to-form. a correct estimate of the amount from an ins
ton of the specimens procured from: so near the surface. The seam may be considered as
highly promising. But gefom it can be considered as- available for mining purposes, its
thickness and quality must be ascertained to be constant out a considerable area.
It is also very desirable to ascertain whether it recurs on the Chanda sidb of the river. I
regret that I am unable to throw much light uporr these points. The concealment of all
rocks near the outcrop of the coal is so great that scarcely any indications are afforded even
‘'of the general dip, and the few that are met with are somewhat contradictory.

The dip-of the seam itself is obscured. The angle is very low-—certainly below 5°, and

pears te be to the north-east or north, but at the same time to vary. About 200 yards up

e river, on the same bank, a e quantity of coarse sandstore is ex; -with an apparent

neral dip to the east of about 5°, but the rock is so excessively false-bedded that its real

g?p can only be guessed at. 8till further up the river, towards Balarpur, there is more

gandstone, also: with- an apparent low eastwardly dip; but at Balarpur the beds are either
horizontal or dip to the north-west.

About 300 yards below the ceal also, on the right or west bank of the river; sandstone
is agaim exposed, but no trustworthy indication of a d:reould be discovered. All around, on
both sides of the mver, is an alluvial plain, and I could. find no trace of rock. The general

ances are in favor-of an east or north-east dip. The saundstone seen to the north up

:Eo river may underlie, and that seen down the river rest upom, the coal, but this is little

more than a guess. If the dip be to the east the coal should be found in a shaft or boring on

?;ti.f, ls(;:' ﬁhmda side of the river, at a depth not exceeding 50 or 60 feet below the bottom
nk..

It is extremely desirable that an attempt should be made to find' the coal by sinking or
boring through the sandstone on the river bank below (south-west of) the outcrop on the
Hyderabad side of the river. His Highness the Nizam would doubtless order the necessary
exploration if made infed with the facts. In sinking upon the Chanda side it is far
from improbable that only alluvial clay may be met with tothe depth-mentioned. In this
case it would be well to make deeper explorations further from the river bank, the persistency
of the seam can, in. all bility, meantime be settled by a fow sinkings or borings on the
Hyderabad side of the river.. Further exploration on the Chanda side, with the exception of one
or two shafts on the river bank, would best be deferred until this important question is decided.

Assay yielded the following results for these coals :—
T Balarpur, Balarpur,

¢ best part of seam.’
Fixed mbon “es e vee 51-2 499
Volatile ... e “es ooe 89-0% 424
Ash e e e e 98 *r

The existence of the seams disﬁaovere& b); €aptain Lr?di,e Smith render:1 it pr(ilbg::le that
others, as yet undiscove may exist in the neighbourhood
Probable existenco of other seams. oo ecially ‘as the rocks are greatly concealed by alluvium.
The area occupied by the true- coal-bearing rocks of the Damuda series does not, however,
appear to be very large; and owing to the superficial acoumulations beneath which they
are buried, boring must, in all probability, be resorted to in order to explore them. The
discovery of the localities already known is clearly due, when the difficulties of the case are
oonsidered, to most persevering enquiries and research, and I have no doubt but that the same
energetic search, if farther prosecuted, will, as at Chindwara, lead to further discoveries. ’
8till I think it improbable that the neighbourhood of Chanda is equal in mineral wealth
to the Pench Valley near Chindwara. As stated above, the area occupied by the coal-bearing
rocks appears smalLr, and their thickness is less, The far greater facility of communication
with the Railway, and the possible future demand for fuel for the navigation of the
Godavery, Pranhita and Wurda,t give a great advantage to the Chanda localities, and

® This yielded sulphur *77, water 4'5. All burn with a strong long-sustained flame and no caking.

+ The localities where coal has becn found near Chanda are on the navigable portion of the Wurda, and if

the proposed works for the improvement of davery navigation be carried out, they will be in diregt water
communication with the whole of the river, the Godarory o h they i
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thinner seams, or inferior coal, than could be profitably mined near Chindwars, might be
worked with advantage at Chanda. Camp; Chanda .5iclxrict, April 20¢h, 1867.

Daring the present season, borings have been carried out close to the town of Chanda
itself, and have proved the existence of ooal, about 2 feet 6 inches in thickness. The coal is
said to be hard, but as no trial of it has yet been made, its qun.litg is really unknown. Itis
highly probable that this bed will Irove to be an extension of the seen on banks
of the Wurda by Mr. Blanford. -shaft has also been sunk at Googoos, noted above.
Up to present date (July) it had been carried down perpendicularly to a depth of 80 feet,

iving a section of 16 zaet, broken ground; 7 inches, clay; 6 inches, coal; one foot shale ;

inches, coal; B feet 9 inches shale, and firm ; and then 9 feet 6 inches, of coal ; in which
the men were (on the 18th July) still working without any sign of change, the coal improving
in quality. All the beds were found to dip at 10° to 11° to the west-south-west, lying ocon-
formably one on the other.

These excavations have been carried out by the enerﬁrtio Deguty Commissioner Captain
L. Smith, who has also had the able co-operation of . A. Binnie, r. @. 8., Executive
Engineer. The results seem to place beyond a question (what from the evidence visible
at the surface, Mr. Blanford was mclined to doubt), that the coal beds are continuous, and
afford promise of a large supply of fuel. It is highly probable that the two thin seams
of coal, with intervening shale, amonn{;i:s‘ al er to 2 feet in thickness, represent the
bed seen by Mr. Blanford on the left of the Wurda, and that this is therefore distinct
from that visible on the right bank; the latter being, possibly, the representative of the
lower and thicker bed cut through in the shaft noticed above. Mr. Blanford fully pointed
out the impossibility of arriving at any sound conclusion in a country so covered as that
around Chanda.—(T. O.). :

Branrorp, W. T. Coal near NAGPUR, being copy of a letter to the Secr. to Chief Commis-
sioner, Central Provinces—(dated Camp, Chanda District, 12th February, 1867).

I have just finished the examination of the various sandstone rocks which are found
on the edge of the trap area in the Nagpur district, and as the Chief Commissioner will
doubtlessie desirous to have early information as to the poesibility of coal being found
in them, I will state briefly the results of my examination.

The sandstone of Taklee and Seetabuldee and all which occurs alm:g the edge of the
traps to the south of Nagpur as far as the boundary of the Chanda district belongs to

of later age than the coal-bearing series. The sandstone hills east of Qomrair con-
gist of beds older than the Indian coal rocks. In neither, I think, is there any chance of
coal being found. The sandstones of Kamptee, S8illewara, Bokhara, and all met with
west and north-west of those places as far asa. Kailod, also the rocks of Hootkyree and
Chorkyree, and Erob&bly the sandstones near Bazargaon, belong to the Indian coal-bearing
geries, but I can find in them no indication of the occurrence of coal, nor of the rocks,
such as carbonaceous shales, which generally aeoompmt{mconl. Indeed there is a very
remarkable and unusual absence of carbonaceous matter throughout ; even the plant fossils
have everywhere lost every trace of carbon.

By far the greater portion of the beds belonging to the Indian coal-bearing series near
Nagpur are concealed by thick alluvial soil, and it is impossible to say whether coal exists
among the concealed rocks or not. For the reasons just mentioned, I think it improbable
that it does occur, so improbable indeed that I cannot recommend search by boring.

Still if it be thought that, in so important a matter, the question should be definitely
set at rest, I would point out the following spots where borings to a depth of 200 or 250 feet
would explore rocks not visible at the surface :—

Bokhara, north of the little hill just east of the village.

Sillewara, north of all the quarries. This bore to be stopped at once if wetamor-
phic rocks are reached. -

Bhuruthwara, at the village,

Soonair, in the river.

Kailod, south of village.

Agra, near Chorkyree, the Nulla west of the village.

Shahpore, north-west of Bheead and east of Bazargaon ; at the village.

NeAR® N

v
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Geological Notes on the Surat Collectorate, Season 1862-63, by A. B.
WyxNNE, F. G. 8.—The Collectorate of Surat lies in the Bombay Presiden%v on the west side
of India between the 20th and 22nd parallels of North Latitude and the 72nd and 74th degrees
of East Longitude, Greenwich. Its southern extremity reaches to the Damaungunga
river, about 100 miles north of Bombay, and passes between the small maritime Portuguese
settlement of Damaun, and a somewhat larger territory called Nuggur Huvellee, about
80 miles to the east, also belonging to the Po: . On the west it is bounded by
the Arabian Sea, and on the north for some 40 miles by the little river Keem. Beyond
the village of Keemchokey the northern boundary becomes irregular, extending, however,

enerally eastward for 80 miles to the Rajpeepla hills. The eastern boundary of this
Eollectors.ta is very irregular: it runs for some 30 miles through the above named hills till
it reaches the Taptee river; there it turns to the west with the stream for a few miles, and
then strikes off to the south, keeping outside the hilly district called the Daung, and after
many bends approaches the sea between it and the Dhurrumpoor country, so that the
district becomes of very small width compared with that which it has to the north.

The pﬁnci&a.l places in the district are the city of Surat and the towns of Bhodan on
the Taptee, Turkeesaur and Oolpar in the north, and Nosaree, Gundavee and
Bulsar to the south.

General form of thetﬁronnd.—'fhis district lyinf, as it does, between the hills
forming the northern end of the Western Ghits range and the sea can only be called hill
in the north-eastern corner, which includes some of the Rsmepla up. The rest of 1t
consists of one great plain nowhere quite level, in some p undulating sharply, and in
others rising into wide, swelling, smooth eminences, and it is here and there at intervals
broken by abrupt isolated hills, like those south of Turkeesaur, outliers of the Rajpeepla
group; one north of Mota village, a few more on the eastern side of the district, the
conspicuous hill of Parneira surmounted by its ruined Mahratta fort, and others at and
near Bugwarra. The whole country slopes slightly to the west; it is crossed by numerous
streams from the east. And as the tide flows for a oconsiderable distance up the channels
of these (in the Taptee, for instance, to beyond Surat), the whole country can have but a
small general elevation above the sea probably not more than 160 feet, if s0 much.

The coast is everywhere low, and for some distance inland in the north part of the
district barren, salt and sandy, plains extend. Being thickly populated and much under
cultivation the ocountry is ox;lly here and there overrun by jungle, which is, however, very
dense in some places, chiefly along the streams at the east side of the Collectorate.

In such a eou::H it is difficalt to find characteristic features, and yet it has a charac-
teristio aspect prod by the repetition of similarities.

The many undulations of the plains are too slight and too numerous to take any definite
direction at a glance, but the larger of them forming the watersheds of the rivers run like
the latter more or less east and west ; and when the isolated hills take anything of a ri
like form they run most frequently, like the coast and the neighbouring limits of the hills,
more nearly north and south than east and west.

If the plains, however, present few rising grounds as projections they are broken b
numerous del;p mvines—null&s and kharriesuﬁong the courses o" the rivers and their tribntar;
streams. These ravines are, of course, deepest towards the sea, but further inland the rivers
run between cliffs frequently from 50 to 80 feet in height.

Taken generally the district may be desoribed as flat, ‘with isolated hills in the south,
-and bordered on the east by a hilly and jungly tract.*

Relations between the form of the ground and its Geological Structure.
—These are not so obvious as they at first sight might appear. The reason of this is,
apparently, that the limits of the space under description, although embracing a considerable
tract of country, are not sufficiently extensive to enable us to generalize.

Certainly as we approach the south the hills are more numerous, and it is ascertained
that all the underlying rocks as well as the hills themselves consist of trap. On the east side
of the district this is also the case, and glancing at the whole country in the neighbourhood,
we find a group of trappean hills (extensions of the ¢ Western Ghéts’ of .India) on the east

@ Famous for the prevalence of fever ab nearly all seasons of the year, and bearing the name of the Daung,
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and south, between which and the sea is a wide-plain covered to a depth with cotton
soil, allnl:ig and detrital wcm;ulshom, ltlll;} cﬁ)ramg almost the rv;ll]g of th:fuurat district.
Alth superficial deposits are ve ick, the underlying occasionally approaches
and ?;m at the surface of the pl;{, and where it begins to rise almost imperceptibly
towu&thahi]ls. It is mot in all cases found to consist of trap, but in the northern part
of the district in the Taptee river and other places, a series of conglomeritie, calcareous,
arenacoous and argillaceous, rocks are found dipping at a low angle westwards, and in
some places containing a profusion of nummulites and univalve shells : in others further u
in the series they contain bones, teeth of shark-like fish and vegetable remains as wel
a8 other fossils. These rocks have been provisionally termed the summulitic series, and from
their very low and sometimes undulating es of diszmtheir soft nature and their present
position, 1t seems more than probable that the forces of denudation which must have acted
with great power over the whole country reduced the surface of the portion formed of them
below that of the harder trappean hills, wearing down these overlying rocks so0 as to form the
basement of the plain. Thus we should expect to find the nummulitic series wherever the
rock becomes visible in the plains. And this is gemerally the case; however, large portions
of the low ground are so deeply covered by the surface deposits that the rocks beneath are
entirely concealed, and as the well known readiness with which wpem rocks yield to the
disintegrating action of the atmosphere, &c., may not have differed greatly from that with
which the overlying series did so, ?nrﬁculsrly when, as here, the stratification of both dipe
in a similar direction at very low angles, it is possible that the line of demarcation between
the two formations may be so slightly defined that the place of junction forms no stronger
feature in the ground than is traceable here, and is easily concealed by overlying detrital
accumulations, although further from the junction where either the or the nummulitie
#eries occupies the whole country en masse the characteristic shapes of the ground forming
hills in one case, or plains in the other, become very apparent.

The fbrmations which occur are—
Cotton soil.
Recent Alluvium and river beds.
Tertiary  Nummulitic series.
P Trap.

Trap.—The lowest of these formations in geological order is the trap which occupies
the eastern side of the district, extending into it from the hilly country to the east, nearly
as far westwards as Turkeesaur in the north. Its boundary is concealed by the alluvium
of the plains, but it would appear to strike south by west so as to come out upon the sea
shore near Bulsaar. It forms part of the great trappean group of Central India, and the
Western Ghits, and iln-ecisely a8 in those precipitous and highly J)icturesque mountains, it is
everywhere found to form part of a ly stratified series® intersected by numerous
dykes of very similar material which are frequently porphyritic.

The trap beds or flows, although all veH similar, consist of considerable varieties,
ranging from solid basaltic trap to soft shaly-looking amygdaloid, the variously sized
cavities of which are filled with zeolites of different kinds, and sometimes by transparent or
amethystine quartz. Beds which are locally highly ferruginous are of common occurrence,
and in many instances these have a red colour, and weather rapidly away into a rusty soil,
but in others the action of the atmosphere appears to have hardened them into a variety of
laterite. It is sometimes observed that the upper surface of a bed only has the deep red
color as if an alteration had been caused by the overflowing trap resting next upon it.
Concreti: structure is very common among these traps, none within this district
were obeerved to be columar, if we except a lateritic mass, which will be alluded to further
on. No regular order of arrangement seems to obtain among the traps, the different kinds

* This enormous accumulstion of trappean rocks, whether we consider its wide superficial extent or its great
thickness, which in the neighbourhood of the Ghéts must exceed 3,000 feet, exclusive of the unknown il;’\nm portion
removed bg‘denudntion. may well excite our asfonish t. Tt is perhap largest group of stratified trappean
materials in the world, and the vents through which these found their way to the surface have never been discovered.
The dykes, although in some places numerdus, are very insignificant both in number and quantity com) with
the rest of the group, and seem quite inadequate to hdving afforded exit for the bedded traps, whose ar lines of
stratification may traced by the eye for many miles ranging terrace-like along the sides of the GhAts’ mountains
with a :ll:gldmli: h%n and cach other, which it seems difficult to separate from the pupposition of their

wi
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Kng one upon another, and beds passing- from one texture to the other without any kind
sequence, but at several places where from the considerations given above we might infer
an approach to the upper portion of the i:o? visible in this country, there is a predominance
of tfe red lateritic as the trap rocks first become visible in ascending the streams..
Connecting these different points o}) eminence there would seem to be a zone of ferruginous
traps either among the highest trap beds of the Surat district or along the border of the-
Nummulitic series which rests unconformably upon them.

This zone seems certainly to belong more to the traps than anything else. As an instance,
however, of what may be a somewhat analogous occurrence, I may mention that at the
unconformable junction of the old red sandstone and silurian formations in the interior of
the south of Ireland, the silurian rocks over large districts and to a considerable distance
from their boundary, but always apparently in consequence of the vicinity of the old red,
change from gray to red an a.rephighly ferruginous ; in some places containing veins of’
hematite ; this ferruginous appearance increases as the unconformable boundary limit is
approached notwithstanding any circumstances of dip or strike in the (silurian) rocks of"
which it is quite in dent;mdsl:dplainlyisitmarkedthatu nobserv'mi it I used to
know I was a ing the old red boundary. It has generally been attributed to infiltra-
tion from the overlying ferruginous red rocks, and as the nummulitice here contain laterite:
beds near their base similar causes may have produced like results.

The Nummulitic series is the next geological sub-division in the ascending order,’
resting unconformably upon the . ange:preadin&in tle undulations under a large

rtion of the district. It consists of a very varied series of beds comprising hard lateritic
erruginous rocks, coarse conglomerates, dall yellow earthy limestone, sandy and olalfg beds,
and beds of loosely cemented gravelly conglomerate. The following table compiled from
various sections will show the general features of the exposed portion of the series with its
preponderance of sandy and gravelly beds above and ferruginous ones near the base :—

Conglomerates, sandstones and hard calcareous breccia.
Yellow limestones, sandy and gravelly conglomerates and shales (Oyster shells and’

Balanidez). .
Calcareous sandstones, gravelly conglomerates, sandy limestone and shales (fossil’
wood, shells and spines).

Sandy conglomerate, sand layers and ferruginous J:ntmgs .

Ca.lt:areoulz;g oconcretionary olag and pale yellow sandstone (bone fragments).
Sandstone and clays (sandstone containing plant fragments).

Agate conglomerates.

Limestone (with Nummulites).

Stratified ferruginous conglomerates and sandstones and sands.

Stratified ferruginous sandstones, blue clays and variegated beds.

Yellow ochreous sandy clay, bluish and pale lilac clay.

Shales, sands, clays and sandstones.

The above list indicates the general features only, and is not a detailed representation of-
any one icular succession. Calcareous beds are often met with, but thou%h these here
and there become reiresented by thin bands of limestone, it was only in one locality (the
country about Turkeesaur) that this was observed to ocour in sufficient quantity to occupy
& large space of ground.

From the position of this series it is difficult to arrive at an estimate of ite thickness,
which must, however, be very considerable, although the angles are so frequently low, for-
sections with a vertical thickness from one to three hundred foet may be seen in many of the
streams. Many of the beds are highly fossiliferous; some are largely made up of nummulites,
others of the separated valves of Balanida, some contain a number of univalve and other
shells with which the teeth of sharks, segments of the carapace of a turtle, and of large ribs

* The evidence for this assertion 1s but small, only one junction, or rather very near approach to a junction, is
seen. Here the rocks have the appearance of unconformity, but in other places where the two formations occur at
short distances from each other there is reason to believe that the ground is traversed ?{a faults. The deduction is
made from the occurrence of conglomerates in the upper series containing agates derived ngﬂ:rently from the
traps, also from local appearances and observations upon the same rooks made at & distance from distriot,
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and portions of other bones as yet undetermined, have been found. From the evidence of
the fossils, a ¢ Parisien’ age has been assigned to this series of beds.*

The alluvism includes all the deposits which so extensively occupy the district, conceal-
ing and covering up the above-mentioned rocks over the low mnd and forming the mural
precipices which edge all the larger streams at a little distance the sea.

It is almost universally composed of a fine light coloured argillaceous loam seldom
pebbly or gravelly, and always formed from the decomposition of the local rocks. It some-
times presents lines of stratification, but more frequently is quite amorphous—its only
characteristic being that like other Indian deposits of the kind, it contains numerous
concretions of impure carbonate of lime t\mkur). Its quantity and depth are its most striking
features, and the mass of it appears to be older than that forming the flats along the large
rivers, but they pass so insensibly into each other that it 18 impoesible to distinguish
one from the other; its surface is frequently moulded into hillocks and vallies over small
spaces bearing a very great resemblance to those of the Irish drift, but whether these are the
results of mere atmospheric or other aqueous action it is difficult to say.

Associated with this alluvium and genmerally passing beneath it are numerous beds of
recent conglomerate with a calcareous cement, but even of these it is not poesible to speak
with certainty as to age, for d;ex:ppear to be in process of formation at present along
of the coast, and their consolidation m;tlght take place at any time; some, however, are old
enough to have been cut through by, and to form in places the beds of, the rivers.

. Cotton Soil—covers the alluvium over many tracts of the country, indeed it
overlies it almost everywhere upon the open slopes as well as on the flats and in the hollows.
1t is often of considerable dep n,afresenting the usual desictation cracks, but without any
circumstances to throw additional light upon its source or formation. It seems in this
country at least to be the ultimate result of the decomposition or recomposition of an
alluvium lugel{omado up of trappean materials ; its colour may be due to decayed vegetation,
or to iron or both, and its light loamy or compost-like character to the changes from wet to
extreme drought, its great exposure to the influence of the air by means of the deep cracks,
and its frequent disturbauce by ants, &c., great quantities of whose excuvise it must contain.

We will now proceed to give some detailed notes of the rocks in various localities, com-
mencing at the north end of the district.

In the country lying about Oolpar the rocks proper may be said to be wholly invisible.
The country is covered by alluvium, and only its aspect along the sea shore where
a belt of salt marsh and barren sandy ground washed by the high monsoon tides forms the
coast. The kAarries or streams for longodutanoes' miand are all salt, and efflorescences
of the salts of soda and (f) alamina exude from the ground. In the Keem river at Elao and
above that village near 8ahol, there are hard white calcareous sandstones and breccias, some
of which are worked into stones for hand mills at the last named villages. They belong to the
upper iart of the nummulitic series. Near Obah further up this stream the alluvium is worn
through by the river exposing yellow limestone and soft yellow clay with ferruginous bands.
These limestones occur again in the country to the north-east. More yellow limestone and
ssndstone with caleareous concretions and ferruginous layers occur : some of these beds are con-
glomeritic in places and in others strangely cellular, with a knotted and angulo-concretionary

* The following is a h list of foesils homthuobodl.inthe‘hﬁeﬂur,amtb-bdownhodu.
near the junction o amrﬁummmm:hnm{dmﬁﬂedw . F. Stoliozkas—

Rostellaria Prestwioki, D’Orb, Ostrea m-ag D’Arch,

goﬁﬂi«q l;l.,. i‘omn. sp- (nur‘H. verruooss, M, Edw.),
gm (1 gty Le)m' elegans, Lam, Mww’ : -vli(um). ta).

Pvookue oy ke T misstun. Doty B Bonia Vicoryes M Eav o Haime.
mom,;;? : Tyookoseris (1)

r:m op%l’A)'rAch.mh. and Haime, m r%?(. Edw. and Haime,
Fulsella logumen, S Arch. and Haime. ®  capomims, o '.,’,’;... (probably both),

The ‘ bone fragments’ were portions of ribs, &c., not in a state sufficlent for identification,
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structure; The alluvium in the river banks is here only about 15 feet thick. Congle-
meritic and calcareous beds are seen occasionally from this to Kuthoora near Keemchokey,
where one of the latter contains several shells, portions of spines, &c. Calcareous beds occur
again in the Keem river, about 3 miles above &mchokey.

Near Turkeessur is a considerable exposure. of light buff and gray nummulitic
limestone and agate conglomerate. A low range of hills rises near this town and stretches
southwards to the Taptee; they are formed of ferruginous or lateritic beds intercalated
between agate conglomerates, and having a low dip fo the weet, they pass beneath the
limestone just mentioned, which, however, 1s traceable along their flank and re-a in the
Taptee river at the end of the range, being let down by a fault to a lower level, but preserv-
ing its westerly dip, and seen to be overlaid again by another band of laterite.

From this eastwards the country, which now becomes hilly, forming of the
Rajpeepla group, is all occupied by the traps, amygdaloids, &c., already described in
general terms and possessing no variety except a curious pale flaggy band which extends

m near Ooskir to Monjelao. The Taptee river at Bhodan and above it for many
miles exposés the traps which are seen to have a general but low and undulating di
to the weet, and tb be intersected by numerous dykes of dark green-gray porphyry and soli
trap. From Gulla to Palree the rocks of the nwmmulitic series overlying those
of the Turkeesaur neighbourhood are seen in the banks of the river; they consist of fine
gravelly conglomerates, calcareous beds, and fine smooth pale gray mudstones. The latter
were not found to be fossiliferous, but the others contain many bones, fossilized timber,
univalve and bivalve shells, the teeth of sharks, and plates of the carapace of turtles.
The finest locality for fossils, however, is in the limestone let down by the fault, near
a ruined village on the north bank of the Taptee, about 3 miles east of Gulla.

In the neighbourhood of Surat city the country is covered with the fine brown
alluvium, which extends all over this part of the district and eastwards for many miles beyond
Mota along the valley of the Taptee. :

An isolated hill, rising to a height of about 100 feet from the alluvium 4 miles north-
north-east of Mota, is formed of compact and brecciated laterite of very similar character to
that occurring east of Gulla; its beds appear to undulate nearly horizontally. A small q
in the east side of the hill exposes a soft %urple and white mottled rock liké a decomm
and lateritified amygdaloid, in which occur sub-angular lumps of red haematite.

More red lateritic beds occur interstratified with the traps in the river due south of
Mota and below Bordoles. Eastward of this the country rises and undulates, and the
usual kinds of gray traps and amygdaloid are seen along the streams and protruding from the
surface of the ground.

The Poorna river exposes the traps at Muhoowa, and above and below this place they
are of the usual kinds with some redgish beds, and the last seen as the river enters the
alluvium near Kohureea are associated with red lateritic beds.

In the Umbeeka river which flows from Wulwarra past Gundavee the traps arc
also exposed, and likewise a quantity of recent conglomerate. This river affords a_good
example of the character of all the streams in this country, the banks wide apart formed some-
times of alluvial cliffs and sometimes slopin into the stream, the bed of which is often rocky,
and in the dry weather contains but a rivulet, here trickling among the stones and agaip
forming still deep pools. Several instances of the manner in which the traps yield to the
abrading forces occur, amongst which alternations of hard and soft beds (as at Nagthera
near Poonea), frequently present most varied outlines.

North of Gundavee at a bend in the Poorna river there is a quantity of red lateritic
rock, which from its peculiar prismatic jointing assumes a columnar appearance when viewed
in one diréction. It seems to dip to the at 16° and a few yards above it in this
direction with a similar dip are some red shales and a band of loose conglomerate or coarse
sandstone a foot.thick which probably belongs to the upper series. Unfortunately very littlo
of these rocks is seen projecting from the alluvium, but although the want of a good section
is felt, there is little doubt that the boundary of the two groups passes near the place and
perhaps includes the lateritic rock in the Nummulitic series.

At a little more than 100 yards north of this spot parts of the skulls and several bones
of two human skeletons were found exposed in the alluvial cliff on the left bank of the river,
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at a depth of several feet from the general surface of the ground and 18 inches below the
local surface, which in this place seemed to have been excavated by rain.*

From this neighbourhood the alluvium rapidly becomes thin to the east, and although it
does not possess any marked natural boundary, it is seen to grow narrow towards the south,
the trap country approaching the coast and the plain becoming dotted with hills all formed
of trap. High of hills are seen away to the east and south beyond the limits of our
district and trap occur in all the rivers. Some of the isolated trap hills rise to a con-
giderable height. That at Parneira, the most conspicuous among them, roughlly measured
by a barometer i8 at the summit nearly 200 feet above the plain at its base, but 1t looks much
higher. The trap of this coun oes not differ from that stretching along the whole of
the east side of the district, and although it is not to be seen everywhere, there is no want
of evidence to show that the whole country is composed of it. Dykes are perhaps more
numerous than in several other parts of the district: where the Railway crosses the
Damaun river and where there are a great number, their general direction approximates
to north and south. ' .

From near Teetul on the coast west of Bulsar and re—aéppea.ﬁng at intervals to the
south, is a growing deposit of recent lomerate formed of the materials of the beach
cemented by carbonate of lime; it is strati the strata dipping at a low le seawards,
and the dead shells which it contains have been in many instances completely fossilized and
replaced by carbonate of lime even when they happened to be a large variety of Murex, whose
shell is very thick; but in few instances, if any, was the interior of the shell filled up by
either sand or the cementing matter.

ADDITIONAL OBSERVATIONS REGARDING THE CEPHALOPODOUS FAUNA OF THE SoUTH INDIAN
gns;;:cnous DEPoSITS, by Ferd. Stoliczka, Esq., Ph. D., Palzontologist, Geol. Survey,
)1 . :

Since the completion of the volume on the ?Iudopoda of the cretaceous rocks of
Southern Indiat at the end of 1868, several additional observations have been made i
this portion of the fauna. No fresh materials have been procured, but having had last year
the opportunity of examining, in London, Prof. Forbes’ original collection, made by Messrs.
Kstze and Cunliffe, and also in different Euro Museums a large number of other species
with which Indian Cephalo have respestively been identified, I have obtained additional
information of various kinds. Some of this is very important, inasmuch as it throws a new
light upon the determination of the species, regmnng alterations in the names, &o. ; it appears,
therefore, desirable that these changes should be noticed at an early date. The observations
must be considered as a supplement to the volume on the Cephslopogn, already published.

NAUTILIDA.
NAUTILUS, Auctorum.

NavTILUS DARICUS, Schlotheim.—(Ceph. 1. cit., p. 24 and 208).

Nautilus delphinus, Forbes (Trans. Geol. Soc., Lond., 1846, VII, pp. 98 and 99), which
was_described from two specimens in Messrs. Kaye and Cunliffe’s collection of Pondicherry
fossils, must be considered as identical with the above species. Forbes’ figure on p. 99 is
reduced to one-half the natural size, being taken from a specimen, which is, however,
very much corroded at the surface. In consequence of this erosion the outline of the septa
became rather different and the thickness of the whorls has decreased. Both the specimens
and also some others in our collection appear to have had originally the whorls somewhat
more flattened laterally than typical Naut. danicus usually have them, but there are again
in our collection some other specimens which fully agree with Sowerby's original figure in
Trans. Geol. Soc., Lond., 1840, vol. V, pL 18, figs. 4-7. Another apparent distinction of

* There appeared to be no trace of a burial ground on the bank of the river here, and the lower extremities

ted fn the direction lnnwhlch the stream but as the natives of India are often buried near wherever they

pen to die, while some castes bring dying people to the rivers, it is thought more safe merely to reecord the fact,
than to build any geological theory upon so questionable an occurrence,

1 Palmontologia Indics, Vol. I, 1866,
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the two original specimens of Prof. Forbes is the small number of septa, one of the specimens
baving 10 and the other 12 of them, while of two specimens of V. danicus from Riigen, in
the Geol. Soc. collection, one has 16 and the other 18 septa. I have compared all our avail-
able specimens of this species, and I find that the number of the septa argem greatly to
vary. Inflated specimens usually have a smaller number of septa, as few as 10 in one circuit,
but this number always increases in somewhat greater proportion with the size of the shell ;
more compressed imens usually have 16—20, but occasionally as many as 24 septa, these
being arranged much closer to each other the more they approach the body whorl.

AMMONITIDA.

AMMONITES, Auctorum.

AMMONITES BLANPORDIANUS, Stoliczka, Ceph. 1. cit., p. 46.

This species is_closely allied to some of the compressed varieties of Am. varians, but
always distinguished from it by a much narrower back, higher and serrated keel ; the septa
are in both species almost identical, but appear to be a little less serrated in the Indian fc

Am. varians and Coupei stand in about the same relationship to each other as do
Am. Mantelli and Am. navicularss.

AMMONITES ROSTBATUS, Sowerby; Am. & , Sow., Ceph. L cit., p. 48. This last
name must be replaced by the former, inasmuch as it is not only more characteristic, but also
has priority, the species having been first figured and described under the above name.

AmuoNTTEs Srva, Forbes, Ceph. loc. cit., 39. The terminations of the saddles of this
species are phylliform, exactly as in the HETEROPHYLLI, for which Suess proposed the
name Phylloceras.

Auumontres ReuBpa, Forbes, Ceph. loc. cit., p. 63.

One of Forbes’ specimens of Ammonites Durga is a yo shell of this species, havi
the upper layer of the shell removed and the keel t.hemfor?av ggsgolete. The specpgen ﬁg:%
by me (loc. cit., pl. 71, fig. 5) as a young specimen of Am. Durga also belongs to
Am. Rembda. -

AMMONITES IDONEUS, Stoliczka, Ceph. loc. cit., p. 64.

Angther specimen apparently of this species has been subsequently found in the ish
siliceous sandstone from near Xndoor. ?t is about the s::g sizeyas the one ﬁgmm;
plate 36, but has no trace of tubercles, the transverse ribs becoming, however, somewhat
obsolete at the centre of the back. It is also slightly i ly coiled at the inner edge
of the umbilicus, giving the shell an appearance of a young hstes.

AMMONITES VICINALIS, Stoliczka, Ceph. loc. cit., p. 84, pl. 44.

1t is, as formerly stated, very doubtful whether this species is distinct from Amm. Saxdii,
Sharpe. I have com the original of the English fossil, which in general character fully
with the In species, merely differing from it by a larger number of intermediate
shorter ribs and a more squarish section of the whorls, while all our specimens of Amm.
vicinalis are oonspiououslﬁ compressed towards the back. TUntil more and better pre-
served specimens of the English species have been found they cannot be pronounced to be
identical ; the outlines of the lobes are in both the same.
AMMONTITES DISPAR, d'Orbigny, Ceph. loc. cit., p. 85.

I have seen a specimen of this species in a collection of fossils of the Hanoverian
cretaceous depoeits in the Museum of the Mining Institute at Berlin.

AMMONITES GUADALOUPE, Romer, Ceph. L. cit., p. 90.

Romer’s original specimen, which is in the University collection at Bonn, is rather badly
preserved ; it has the umbilical tubercles somewhat more distantly placed from the suture,
than in most of our specimens, but this does not appear sufficient to be a specific distinction
between them.

AxuoxiTEs ORBIGNYANUS, Geinitz, Ceph. loc. cit., p. 92.

Young specimens of this sg:cies have a few small, sharp tubercles at the of the
umbilicus, and the lateral ribs being strongly flexuous on the outer half of the whorls become
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almost obsolete on the inner onme. Qur fossil perfectly agrees with Geinits's original
specimens in the Museum at Dresden. ’

AMMONITES SUBOBTECTUS, Stoliczka, Ceph. loc. cit., p. 6.
- In ’s collection, presented to the London Geological Society, there are one
specimen and three fragments of Am. obfectus. The row of tubercles in the middle of the
back is distinctly traceable, though it sometimes appears to become obsolete ; the transverse
ribs are present in the same number as the lateral ones; the distinction mentioned (loc. cit.,
p. 97) as existing between the European and the Indian fossils must, therefore, be retained.

Ammonites Cunliffei, Forbes, Ceph. loc. cit., p. 87, is a Scapkites, and will bé noticed
subsequently.

AMMONITES Pavana, Forbes.

1846. Ammonites Pavana, Forbes, Trans. Geol. Soc., Lond., VII, p. 110, Pl. VII, Fig. §.

Amm. testa compressa, latergliter applanata, moderate umbilicata, costis flexwosis
mé “marginem dorsalem sub-tuberculatis, longioribus ¢t brevioribus alternantibus,

ta ; dorso obtuso, paullulum rotundato et lateraliter compressiusculo. ‘

Helght of outer whorl : the whole (considered a81'00)  w.  we o oo 080,
‘Width of umbilicas : ditto ... ”» "w n . e w 029,
Thickness of whorl : its height w wom - 8

Prof. Forbes’ original specimen, though not very perfect, & pears to be distinct from all
pther Ammonites, as yet known from the Southr%.ndi,an cre&peous deposits. It has the
appearance of a young Scaphites; but for this the shell is too regularly coiled, and besides
most of the species of that genus have the ribs at the back generally recurved, not bent
(or at least not so strongly) anteriorly. The lateral ribs are in Am. Pavana strongly
flexuous, double curved, beoommge ually thicker towards the edge of the back, where
they are provided with small tubercles; obsoletely continuing across the back, which is
obtusely rounded ; each long rib alternates with one or two shorter ones.

The specimen appears to be from the Arrialoor sandstone near Pondicherry.

AMMONITES (GANESA, Forbes, Ceph. looc. cit., p. 106.

Amm. Soma, Forbes (Trans. Geol. Soc., London, 1848, VII, p. 102, pl. VII, fig. 7)
must be considered as a synonym of the above species, the name having been proposed for
8 young specimen of the same. Forbes’ remark on the tablet of the original specimen in

London Geological Society’s collection was already to that effect.

AMMONITES INDRA, Forbes, Ceph. loc. cit., p. 112.

Amm. Garuda, Forbes (Ceph. loc. cit., p. 149, pl. 74, fig. §) is, remarkably enough, only
a young l}(’.S{;e('zl’men of the above. There are three specimens of this species 1n the London
Geological Society’s collection; all show the furrows on the back. The young shell has
really a very different aspect from the old' one, inasmuch as the whorls begin to increase
ery rapidly in width as soon as the specimen has attained a certain size. e specimen
ggured as 4. Garuda has a markedly large umbilicus. The outlines of the septa are quite
the same as those of Am. Indra.

A.ytno_mm VELLEDE, Mickelin, Ceph. loc. cit., p. 116.

Amm. Nera, Forbes (loc. cit., p. 106, pl. 8, fig. 7) is only a young specimen of the above
European species. )

AmuoniTes KoroToRENss, Stoliczka, Ceph. loc. cit., p. 127.

Amm. ? indicus, Forbes (loc. cit., p. 114, pl. 8, fig. 9) may be a fragment of a whorl of
the above species, but the o(l' inal ispso mulzzh mitil%ilated t{at it is impossible to form any.
decisive opinion. The fragment is valueless in point of identification. )

AuMONITES DIPHYLLOIDES, Forbes, Ceph. loc. cit., p. 119.

The specimen described by me, loc. cit., p. 120, pl. 69, fig. 12, under the name of
Amm. Yama, Forbes, is identical with the above species. It has the shell tgarh&llg preserved,
and the transverse furrows consequently not traceable; the difference then pointed out as
existing between the division ot?eale sutures was due to the small diameter in which the
sutures were observed on that specimen. The original imen of Amm. Yama, Forbes,
is the same which I have referred to Amm. Beudanti, which now must stand under the
former name, being distinct from the European fossil.
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AMMONITES VAJU, Stoliczka, Ceph. loc. cit., p. 132.

Prof. Qeinitz in Dresden dirested my attention to a fow specimens in his Museum, being
apparently identical with those described under the above name, but on the other hand not
easily distinguishable from Amm. lus, The relations of the two species are indeed
remarkablo, and 4mm. Vaju would only seem to be a compressed variety of Amm. peramplus
still the distinctions pointed out by me (loc. cit., p. 132) are remarkably constant; none of
our specimens of the former had the distinct furrows of the latter developed ; besides this
the direction of the ribs in both species also is somewhat different. Until more specimens
of the present form have been found the specific distinctions must be retained.

AMMONITES YAMA, Forbes,

1840, MYGC&MMMMMMMVILB 107, Pl. VII, Fig. 4; not idem, Ceph, loo.

1006, o Biont, Brang,, Solicaks, Goph. 10o.cit. p. 142

I am indebted to my friend Prof. Hebert in Paris for havm‘sdnecud my attention to the
most constant and distingnishing character of the European Gault es, Amm. Beudants,
Brongn., as compared with our Indian species, which in general differs from the former by
baving the whorls less high compared to their width, laterally a little more convex, along
the back not contracted, and the umbilicus slightly larger in proportion. There are, however,
of the European fossil occasionally specimens to be found, which are extremely closely allied to
our species, and only differ by a scarcely traceable greater compression of the whorls (compare
Pkt:f;mif::ures in lya.l. Suisse, 2nd Series). The most im'R)rtant difference between the two
species lies in the form of the outlind of the septa. ose of Amm. Beudanti are com-
paratively broader, less high, and the laterals ualr:{ diminish in size as they approach
the umbilicus, on the edge of which the si lateral saddle is situated; only one or two
very minute ones are Eresent on the umbilical slope. In our Indian amides the outlines
of the septa have higher, more ramifying saddles and lobes, and the third lateral saddle
lies on the edge of the umbilicus, there Eemg at least three additional and very oblique
saddles situated on its sloping side. All the lobes of Am. Beudanti are arranged in an
almost straight line, while those of the present species form a distinct curve. The namber
of the septa is tolerably well marked in d’Orbigny’s figure in the  Pal. Francaise.”

Prof. Forbes’ original specimen of Amm. Yama is a8 young shell of the present species,
and I therefore retain the olSelj name, which appears the more justifiable, ns? the speci exi
which I have previously (loc. cit., p. 120) described under that name has proved to i.): only
a somewhat abnormal form of Amm. diphylloides.

AuMONITES SacYa, Forbes, Ceph. loc. cit., p. 164

The species described by Coquand from the cretaceous beds of Algiers under the name
of Amm. Pauli is probabfy a young shell of this species (Geol. and Pal. Province Con-
stantine, 1862, pl. 85, figs, 1-2).

SCAPHITES.

ScarHITES CUNLIFFEANUS, Forbes, op.

Asmwmonites Ounliffes, Forbes, Oeph. loc. cit., p. 97.

Scaph. testa lateraliter compressa, costis ad intervalla fortioribus, flexuosis, nume-
rosis brevioribus ac tenuioribus interpositis ornata, primis ad mao?zm umbilicalem
et dorsalem acute tuberculatis ; anfractsbus junioribus requlariter snvolutis, ultimo antice
paulo-extenso, dorso subconvexo,

The original specimen figured by Forbes in Trans. Geol. Soc., London, 1846, VII
oL 8, figs. 2a and 2b, is unmistakably a Scaphite; it has the last whorl somewhat more
prod at the umbilical live, than is shown in the figure. The shell is flattened laterally,
ornamented with numerous flexuous ribs, which terminate in sharp tubercles at the
of the back and of the umbilicus, the former being alightly rounded; the sides of the
umbilicus are perpendicular.

The young shell has the lateral ribs more straight, and the tubercles on the umbilical
edge almost obsolete (see pl. L, fig. 3). ¢

The outline of the sutures, as represented in fig. 8 ¢, pl. 50, is also characteristic of a
Scaphite, there being only the first and second lateral lobe present, while the auxiliary lobes

s

and saddles rise suddenly in an oblique line towards the umbilical suture.
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SCAPHITRS SIMILARIS, Stoliczka.

1866, Soaphites aqualis, Sowerby, Stoliczks, Ceph. loo. cit., p. 167, PL. LXXXI, Figs, 48.

I have compared in the British Museum the orl;ilgina.l specimens of Sowerby’s Sc. @qualis
and obliquus as recorded in that author’s Mineral Conchology; the figures are in general
correct. The inner whorls of both the species are usually of the same thickness and not to be
distinguished from each other, but the form described as Scaph. @gualis has on the last
whorl the tr?nsverse ribs“less ﬂ:ﬂmexious, thl‘;hcﬁr, the si«}‘esobs?mawhat B!gghre ﬂnl:i:enedi m;d
the general form is usually a little longer in Scaph. obliguus. are very closel
al].ief,e and, when enmim'.nyg numerous specimens in Sharpe’s collection and othersryin Pa.ri{
and Dresden, the frequent occurrence of the two forms together in the same beds and the
same localities so very much struck me that I thought they very probably only represent
different sexes of the same species. Still so long a8 the distinctions, formerly noticed,
exist, and no other direct proof in favour of their specific identity can be produced, we cannot
but retain them as distinct forms under separate specific names. ‘

The ies which I have noticed as Scaph. o0bli Ceph., p. 168) is in every
identical m the European form, but the other m § have identified with Se. MP;:
and for which I now propose the name Sc. similaris, is distinct from it, though it undoubt-
edly must be regarded as a representative species. It differs from Sc. @qualis, by having
the first whorls less involute, flattened at the sides, almost smooth, and by the want of the
peculiar projection in the umbilical space at the base of the body-chamber, which projection
18 distinctgy traceable in both the European species. Scaphk. similaris also appears to be a
more compressed form than Se. equalis.

ANISOCERAS;#* Pictet, Ceph. 1. cit., p. 170.

AN180CERAS RUGATUM, Forbes, Ceph. loc. cit., p. 178.

Anisoceras sub-compressum, Forbes (Ceph. loc. cit., p. 179, pl. 85, fig. 7) is based upon
a fragment of the above species. Forbes’ figures of Anss. rugatum, sub-compressum, ﬁﬁd
indicum, are taken from fragments which do not exactly agree with the specimens in the
London Geol. Society’s collection, so far as the form of those specimens is concerned, but
there are fragments of all the species represented in the collection. Some of the specimens
determined by Forbes as Anis. sub-compressum belong to Anis, indicum.

TURRILITES, Lamarck, Ceph. loc. cit., p. 184.

TuURRILITES PLANORBIS, Forbes, Ceph. loc. cit., p. 185.

This name has most likely been applied to a small cast specimen of Amm. Sacya,
Forbes, of which I found several small specimens, but I have in this single instance not
succeeded in procuring Forbes’ original specimen, from which fig. 5, pl. 9, in the Trans.
Geol. Soc., London, was taken.

TureiLITES, Conf., BrAZORNSIS, Romer, Ceph. L cit., p. 189,

Rémer’s original of Twrr. Bragoensis is very like our fossil, but it shows a slight
difference in the direction of the ribbings connecting ‘the tubercles ; still their identity is
very probable; neither of the two respective fragments are, however, sufficiently preserved
to give a direct proof of this assertion.

. HAMULINA, & Orbigny, Ceph. loc. cit., p. 192.
HAMULINA 8UBLEVIS, Stoliczka, Ceph. loc. cit., p. 193.

I have seen specimens of this es in the National Museum at Prague ; they were

collected from the lower beds of the Bohemian crotaceous deposits at Korizanl;.gu ey
Summing up the most important changes ing the different species, it will be

observed that Ammonites Pavana, Forbes, has been newly added to the list of Ptr: Cephalopoda ;

s

* My friend Prof. Gabb writes word, under date of June 2nd, 1863, Philadelphis, that he has a new form, inter-
an

mediate between Awisoceras and Amcylocoras. He also suggests a new generic name for species like Ptychooer
Forbesianum, dis! by hav”hcf'g two links, but it seems to meg:znt our materi; ‘pegf o of

good of
Ptyokoceras are y suficient to support any essential changes in the nomenclature of these aud others allied
Ammonitoid forms,
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the smies formerly described as Amm. Beudanti is different from the European fossil,
and to stand under the name Amm. Yama, while the specimen formerly noticed
under that name is identical with Amm. diphylloides. Several other species formerly
described by Forbes under the names of Amm. Soma, Amm. Nera, Garuda, and others have
been found to be identical with other known species; the specific name 4mm. inflatus has
to be replaced by that of Amm. rostratus; Amm. Ounliffes is a Scaphite, and the species
noticed as Scaph. equalis has to be chanti,ed to Sc. similaris, n. sp.; and last Aaisoceras
sub-compressum has been found identical with Anis. rugatum.

These changes reduce the number* of Cephalopoda from 148 to 146, three species
having been identified with others, but one was newly added ; the genera represented are,
Belemnites with 3 ies, Nautilus with 22, Ammonites with 91, Scaphites with 4,
Anisoceras with 10, gelicom with 1, Twurrilites with 6, Hamites with 2, and Hamulina
with 1, Ptychoceras with 3, Baculites with 3. ‘The list of the 38 species identical with
those of Europe and other countries must be reduced by one, for though Amm. Yama and
8c. similaris must now be considered respective%as distinct from Amm. Beudanti and
8e. is, I have recorded the occurrence of Hamulina sublevisin the Bohemian creta-
ceous deposits.

LEap in the district of RARPoRE, Central Provinces.—In the month of May
last, a specimen of lead ore was received from the Deputy Commissioner of Raepore, with a
request for information as to its nature and value. It was stated by Captlain Twzt‘ord to be
found extensively in the hills between Raepore and Balaghat, and also near Chicholee, where
there is 8 DAk Bungalow on the great eastern road. On examination it proved to be galena
in_crystalline masses imbedded in green fluor-spar formei::‘f a vein in quartz. On assay
only a trace of silver was found to be associated with the lead. The impossibility of forming
an{io:&dea of the commercial value of a metallic vein or lode from a hand specimen was also
noticed.

Subsequently very similar specimens were forwarded by Colonel J. E. Gastrell, Deputy
Surveyor General, together with copies of letters from Mr. R. B. Smart, Revenue Surveyor,
who had collected these himself on the spot. He describes the locality thus: ‘The hills in
which the ore is found are situated in the lands of Khy'ugnrh and Nan n, and three miles
to the west of Chicholee Dik Bungalow, near the village of Raneetalao, and Nandga.
The hills consist of large masses of quartz imbedded in black earth. The metal runs
through the quartz in veins and crusts.” Mr. Smart considered it to be not galena, but the
tersulphide of antimony.

These better specimens enabled us to cupell a larger gortioh of the ore, but with the
same results ; the amount of silver present, although appreciable, is not sufficient to be of any

ractical value. There is no mtxmongmpresent. Fluor-spar is more abundant than was at
Erst thought, and the colour is quite as frequently of a rich purple as greenish.

From Mr. Smart’s description the specimens sent alziear to have been derived from
loose blocks, but there can be no question that they form rt of a r vein, which
must have existed where. these loose blocks were derived from. And in all probability
this was at no great distance from the spot where they were found. It will be desirable
to trace out this lode, and prove its extent or value. It looks,both as to rock and gangue,
decidedly promising.-—July 1868.—(T. O.)

CoarL 1X THE EasTERN HEMIsPHERE.—The vast importance of any local supplies
of coal in the eastern seas, both as bearing on the development of navigation and commerce,
and as tending to relieve the intensity of the strain on the limited resources of Great Britain,
from which hitherto most of the supply.has been derived, renders peculiarly interesting at
the present time any trustworthy information regarding the various sources from which coal
may possibly be procured, their exact locality, g:oba le extent, and the character and value
of the fuel obtainable. We have therefore abstracted, as briefly as possible, a paper

* Those like Amm, Soma, Amm. Nera, and pavana, etc., were not included in my paper published in Quart. Journ.
Geol, 8oc., London, 1865, vol. XXI, p. 408,
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by Cuthbert Collingwood, M. B., on the Formosa, Labuan, Siberia, and Japan coal, which is
printed in the Quar. Jour. Geol. Soc., London, No. 94; May 1st, 1868,

Formosa coal district is near Kelung, in north-east corner of island. Mines, about one mile
to east of town, on the hills bordering on Quar-se-Kau Bay, are reached by boat. Leaving the
boat you pass a range of red sandstone hills, dipping about 16°-17° to south-east. All the
ocountry around Kelung is of red sandstone, the weather-worn outarog; forming the depression
in which the coal appears fo have been deposited. The workings when visited consisted of
two small caverns at right angles to each other in the coal-seam, which was, at outcrop,
24 feet thick. It rested upon a thin bed of stiff whitish clatv;vmdwaseovered by a bank of
rubbly clay, 40 to 50 feet high. Workings were nearly on the level and of very primitive kind.
No machinery is used, no shafts are sunk; the coal is picked out and removed in small
baskets to boats, by which it is conveyed to the harbour and is deposited in the coal-stores,
where it i8 not in any way &r&%cfed from the weather, and rapidly deteriorates. The mines
are exclusively worked by Chinese. Coal is of recent formation, and lies over the sandstone.

Another thin seam of indifferent coal was seen near the town of Skiddow, about the
middle of this part of the island, ‘over which was a bed of stiff clay, abounding in large
¢ oyster-shells, seven or eight inches long, of & species (probably the recent Ostrea Canadenss),
¢ which I have seen brought to Canton in vast numbers for the purposes of lime-making.’

The Kelung coal is light, burns very rapidly, and gives out a great heat, so that it
readily sets the fannel on fire. It isextren.lelyrzrty, produces a vast number of blacks of a
soft and soiling character ; the flues get rapidly very foul, requiring frequent- cleansing. It
leaves 50 per cent. of ash: its cheapness being therefore doubtful.

The Zabuan coal-field is in a dense’ jungle, where the coal crops out conspicuously not
far from the sea. The coal district is chiefly composed of a soft {ellow sandstone, dipping’ 90°
north by east. There are several seams of coal; the lowest is 11 feet 4 inches thick, but in
quality this is not the best seam. The ooal roof is a stiff blue clay, not fire clay. The
highest seam is 4 foet 6 inches in thickness ; the second 2 feet 9 inches ; the third is 3 feet
9 inches; the fourth 11 foet 4 inoches. Above this fourth seam there are 8 fathoms of grey
shale in which foesil shells are occasionally found. There are two shafts, one to the first seam,
and the other 45 fathoms deep. A. third is being put down, which will go to 100 fathoms.
There are also 7 or 8 level workings. There is great difficulty in gebﬁngl‘ll: . Nominally
tlie Company have 600 of various nations, but only 800 are at work. e present out-turn
is 80 tons' per %;y This is conveyed down a tramway, less than a mile in lemgth, to the
oodling pier. 'With more labour it is said 200 tons per day could readily be raised.

Labuan coal is better than that from Kelung, heavier, close grained, tolerably clean,
very free from sulphur, and forms but little clinker. It barns fast, gives out much heat,
flames issuing from funnel often extending 6 or 8 feet, and endangering the rigging. It

roduces a large quantity of soot, wiich renders everything filthy. It would seem to be
Eke the Kelung coal, a lgnits. Mr. Low, of Labuan, states that he has found in * the stiff
“ olay roof of some’ of the seams impressions of leaves in very perfect preservation identical
“ with those of treee at the present moment growing in the jungle.”(?) There are in the coal
itself frequently found tears of ¢ pure Dammar resin’, and the Dammar pine is still a common
tree. On one occasion a mass, 6 Ibe. in weight, was found. It has a remarkable tendency to
oocur in veins.-

Petroleum is found in immediate vicinity of coal districts, both at Kelung (Formosa)
and at Labuan. The Chinese also have an idea that Formosa is rich in gold; gold has
been found. There is a petroleum spring not far from the mines; in Labuana way
to the spot in the jungle has been cleared, but no workings have been undertaken. ere are
other springs in the neighbourhood.

Russian coal.—This is at Possiette on the coast at south point of East Siberia, and
at Dui on the island of Saghalien, at the head of Castries Bay. The latter is a convict
settlement ; the coal is worked by the convicts, and used solely for the Russian ships of war.
This coal is small, of excellent quality, presents longitudinally a conchoidal, and transversely
a cabie fracture, like Welsh , producing & moderately dense dark brown smoke.
Steaming qualities said to be equal to Newcastle coal, and owing to its caking qualities it
would probably burm very well mixed with any small Welsh coal, too small to burn by
itself. Amount of ash, cinder, and soot 20 per cent.

s

e W e . Y T T e e

R



Pr. 2.] Meteoriles. 39

The Possiette coal has a vitreous fracture, more like Enihsh Cannel coal, is very bitu-
minous, and burns quickly; leaves a large residue of whitish brown ash, with a moderate
quantity of clinker ; deposits soot much more than Newcastle coal.’

The Dui coal appears to be a lignite.

In Japan also several kinds of coal occur, only small quantities are obtained, and the
Daimios will not allow it to be sold for public use, so that not much is known regarding
th«:l qn%ities of tl}:e goal There are five ldgoo,dkn::lrln as chit:i Hirad r:f Kﬂ(:rkora, Emakbodkh,
an orgah, which appear to possess ities. several others which are ve
inferior, r?orl:n an immense quantity of olinler, and unfit for steaming purposes, th
00 doubt valuable for domestic use.

The Korkora coal is of two qualities; one inferior, dirty brown, showing thin red
layers when broken and conchoidal in fracture. The better kindis bright, clean and hard,
liable to form clinker, so that it was found desirable to increase the apertures between the
fire-bars with the ordinary tubular boilers. It resembles Sydney in appearance, and
appears to have a waste (ash, soot, and clinker) of aboat 30 per cent.

Korgah ooal recently brought to Nagasaki is very similar in appearance and quality.

Emakbodkh coal shows clayey layers, and conchoidal laminations of a white calcareous.
substance, either carbonate or sulphate of lime. This scaly appearance is characteristic.
It burns well, though with much smoke.

Hirado coal is either hard or soft. The soft kind cannot be used for steaming, as it
is reduced to powder by being shaken up in the bunkers, otherwise it is a good coal. Of the
harder coal there are two varieties; one abounds in earthy mmtter and silica, producing a
vitreous glaze on the clinker, and the other is light in agfearanoe, resembling Welsh coal,
and contains about 72 per cent. of carbon. It bas a cubical fracture. Consumption is about
4 more than best Welsﬁecoal, with which, however, it might be advantageously mixed.

The best of the Japanese coals is the Gorio; a clean hard cubical coal, like Welsh, and
with 73 per cent. of carbon. Only small quantities, however, have been brought to Nagasaki ;
and the mine has fallen in in consequence of heavy rains, so that some time will elapse before
the old workings can be made use of. .

A remarkable coal has been brought in small quantity from Ivanai, in the north part of
Nipon, where there appears to be a large mine of i1t. The Daimio to whom it belongs is not
friendly to foreigners, and the coal is therefore procured with difficulty. The coal is worked
by the Japanese. It is aclean hi&ﬂy bituminous coal, and will burn with flame in the light
of a candle. “It apR‘em like the rest to be a lignite.” Quar. Jour, Geol. Soc., London,
Vol. XXIV, p. 98.—(T. O.). .

. MztroRITES.—Through the kindness of Dr. M. HSmes, Director of the Imperial Mineral
Cabinet, Vienna, we have received a valuable addition to our series of meteorites. This is
a very fine specimen of the fall which took place near Pultusk in the vicinity of Warsaw on
the 30th of January in the present year.

Through the Austrian Consul General in Warsaw Dr. Hornes had procured a specimen,
the third largest which fell. This was divided into three parts for examination, and of
these three Dr. Hornes with his usual liberality has sent to me the seocond in size. It weighs
6oz. 398grs. The largest specimen which foll was in possession of a private party ; the second
largest went to the Imperial Minoral Collection in St. Petersburgh.

The fall oocarred on the river Narew, about half way between Pultusk and Ostrolenka,
about 36 English miles north-east of Warsaw, The stone sent to Vienna was actually picked
up in the village of Sielé Nowy. .

Dr. W. Haidinger, in a brief notice of this fall (read to the Imperial Academy of Sciences
at Vienna on 12th March 1868) says: “ From the various reports which have appeared, it is
clear that we have here again to deal with a truly maﬁ(x_:.iﬁcent phenomenon, beginning as
a shooting star, afterwards appearing as a fireball of half tho diameter of the moon, then
vast detonations, at last a fall of meteoric stones, over a tolerably large extent of ground.”

[
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‘The stone received in Vienna was perfect, that is, it was covered on all sides with
& distinct crust, but at the same time, judging from its shape, it was truly an
fragment of a rock-mass, which burst long prior to its reaching our atmosphere. It was a
somewhat conical fragment, rather sharply an in one direction, where the sides, 2 to
8 inches broad, meet at an angle of about 60°. In the other directions, the three sides
meet at angles of from 90° to 105°.

¢ The surface is rather uniformly coated with a crust of about y3sth of an inch in thickness.
This black crust is dull, fine grained, and on all planes covered with the well known and
characteristic round shallow impressions. The stone was about 4 inches long, 3 broad and 2
thick. One side was rough, the other more even, before the incrustation, but both are simi-
. larly incrusted. Even at the sharp angles, no molten are traceable which would
indicate that the stone had passed through the atmosphere only in a given direction.’

¢ The fresh fracture of the stone, and especially the cut and polished surfaces, showed
that the stone undoubtedly belonged to the group of falls indicated by Partsch, and including
Eichstidt, Barbotan, Bielaja Zerkow, Timochin, Zebrak, Gross-Divina, to
which must since be added Pokra (Bustee). These are all eg, more or less dark coloured,
locally brown, with more or less globular portions distingui from the rest of the mass
by a nearly black colour with much finely divided iron, a little pyrites, and probably troilite.
e Pultusk stone is very similar to that from Gross-Divina. lts specific gravity is 3'660
(Schrauf.), which indicates the 1 proportion of iron it contains. The average specific
gravity of the group was determined by Partsch as 3:55 to 3:70."

The stone would beloug to the third class, sporadosidéres, and to the second sub-division
of that class, oligosidéres, of Mr. Daubrée’s classification.—(T. O.).
DONATIONS TO THE MUSEUM.
Specimens of the following mineFralsB.have been presented by David Forbes, Esq.,

. &o.,
Titanoferrite, with hornblende ... o «. Krageroe, Norway.
Eisen-nickelkies (original typical form) Esg:ialen, ditto.
Nickeliferous Pyrrhotine e e vee itto  ditto.
Bismuthine, with Pyrites .o ee ... Sorata, Bolivia.
Gersdorffite ove e oo «. Dolschau, Hungary.
Phosphorite . e e «. Estremadura, Spain.
Native Bismuth, with Bismuthine ... e oo Sorata, Bolivia.
N ative Silver eoe X0 oo oo Thundel‘ &y) I‘ake sumﬁor!
" Canada.

St&ﬂ'elifz oee e e see tes Staﬂ'el, Nma\l.
Tyrite ... ... Hamfernyr, Norway.
Titanoferrite, with Aspidolite " e ... Krageroe, Norway.
Gadolinite, with black Yttrotitanite o o Ytterby, Sweden.
Hornblende o e e ... Krageroe, Norway.
Tourmaline.., e vee aee s Emd, Norway.
Chlorapatite o e ‘e ++. Tambillos, Chili.
Rutile o o e Krﬁl:e, Norway.
Cerite | o " 0o .es ++. Riddarshyttan, Sweden.
Alvite e . e v +.. Arendal, Norway.
Igc:tivﬁ Alum vee %myma. -

po.te .se eee e e e rageroe, INOrway.
Cryolite ... e e ++o Greenland. y
Moroxite ... e e e ... Canada.
Titanic Magneﬁtﬁ oes ses eor e Norway.
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Large mammxlhted mass of Hematite e .. Whitehaven, Cumberland.
Three specmfen; of ﬁbions hwmhtaam etz t‘; Ditto ditto.
Spemmen of ditto showing ten to in
Spocrlar B e stalli od, ngth cycmws hematite Diten ity
Iron, crystallized, wi uartz on hematite i itto.
Copper pyrites, in mica schists (vgm) ... Fahlun, Sweden.
Veinstone, showing deposits of Galena, ch-blende, ca.lclte,
&c .o "o . .bmm! Bohemm'
Asphalt, from great Pitch-Lake ... . . Trinidad.
Tin ore with ’w&az Durango, Mexico.
Fahlerz, ized with quartz ., " «ss Saxony.
Celestine, from new red marls e e .. Bristol.
m crystals, group of v . Dauphine.
me ... . . Huel Spearne, Cornwall.
Tinstone, two large speclmens “e e . Huel Owles, ditto.
Pyromorphite oo - .. Wheatley, Mine, Pensylvania.
Cernsnte Y ver e . voe Dltto ditto.
Anglesi . “ Ditto ditto.
Chromo-molybdate of Load .. e ... __ Ditto ditto.
Copper glance .. Monte Catini, Tuscany.
Antimoniate of Lead ... ros . .. Spain.
Graphlte Alibert mines.. e e . Irkutsk, Siberia.
Zincite, with Frankhmto er .. New Jersey.
Mica e +ee Cornwall.
Magnetic Tron . Dannemora, Sweden,
Ditto ditto v o e o Bmpberg, ditto.
Red iron ore e Langbau, ditto.
Ditto  ditto " . “ . Nassau.
Schistose red iron ore ... s e ..+ Ditto.
Copper Pyrites ... Ditto.
Malachlte on brown iron ore . s ... Ditto.
Green carbonate of copper in gossm " «. Dillenburg, Nassau.
Pyrolusite . «ve Nassau.
. Cysno-mtnde of Tntanmm, artxﬁcml ' from Iron farnaces .., Workington, Camberland.
Fibrous gypsum e - e e Nottmg
Pectolite ... . . . Ayrshire, Scotlnnd
Carbonate of Lead . v ... Zillerfeld, Hartz.
Scheelite . e Ca.ldbeckfells Cumberland.
Titanite, in Granite .., e Nomy.
Sulphur . Valais,
Calcite " . Strontian, Argyleshire.
Green fluor spar " .or . Cumberland.
Plumbo-calcite e . . Leadhllls Lanarkshire.
‘Vanadinite o .« Wanlock-head Dumfriesshire.
Scapolite . .. Norw:
Beryl Gweeba.rm Mts., Donegal.
Garnet, with Idocrase ... i~ Dunglow, Donegal
Wulfenite oo - s Blexberg, Carinthia.
Rutile, in quartz oo o e . Perthshire.
S ecular iron ore e - e . Elba.
nite ™ ™ v . Hartz.
Baryto-calclte e . . . Alston Moor, Cumberland.
Barytes, in clay iron ore . . . Workington, Cumberland.
Actinolite oo P . .. St. Gotthard.
Zinc-blende e «.. Cumberland.
Texasite, on chrome 1 iron ore . ... Texas, Pe::x'lvania.
Green tale . " ™ .. St. Gotth
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Sanidine in Trachyte ... o . ++« Drachenfels, Rhine.
Green Pyremorphite .. v «. Cumberland.
Selenite with sand, from the basement bed of London clay,

Upnor, near Rochester s " ven .. Kent.
Purple fluor spar . . «. Cumberland.
Brown fluor spar, with carbonate df iron aee <o Allenheads, Northumberland.
Albertite ' see e oo X NOV& Sooti&
Quartz crystals oo - ... Snowdon, Wales.
Phosphorescent flaor spar, from East-pool mine, near Red-

ruth - " vee Cornwall.
Lithomarge, Restormal iron mine, near Lostwithiel " w. Ditto.
Fibrous Carbonate of Copper, with pyrites ... Ditto.

Gun Flints, showing effects of intense heat on flints, from
iléiil‘ower of London, after the great fire of October 31,

From J. bu.vnn'r, EsQ., ¢. E.~Specimens of Schorl from Beerbhoom, and of Gold soil from
Nicaragua. ’

ACCESSIONS TO LIBRARY.
Frou 1st ArriL 1868 To 30T JUNE 1868.

Titles of Books. Donors.
Apams, ARTHUR.—The Zoology of the V‘oynge of Her Maj. ship Samarang, under the
" command of Captain Sir Edward Belcher during 1843-46, 4to.,

London, 1850. , ) e

Apaws, HENRY, AND ANGas, G. F.—Descriptions of new genera and species of Chitonida
grom the Australian , in the collections of George French Angas,

vo. o .

ApansoN, M.—Histoire natarelle du Senegal, Coquillages; 4to., Paris, 1757.

AvrroN, DE. E. p’.—~Ueber die von Herrn Sellow mitgebrachten fossilen Panzerfragmente
aus der Banda oriental, und die dazu gehérigen Knochen Ueberreste,
4to., Berlin, 1834.

Arrox, Dr. E. »’ aND BueMrisTRR, DR. H.—Der fossile Gavial von Boll in Wurtemberg,
XII Plates, Fol. Halle, 1854.

ANSTED, PROF. D. T.~The Ionian Islands in the year 1863, 8vo., London, 1863.

AnTtHONY, J. G.—Descriptions of new species of American fluviatile Gasteropods, 8vo.

AncHER, Masor.—Tows in Upper India and in parts of the Himalaya Mountains, with
accounts of the Courts o? the native princes, &c., vol. IIL, 8vo.,
London, 1838.

BapIN, ADoLPHE.—QGrottes et cavernes, 8vo., Paris, 1867.

BaiLy, W. H.—Figures of characteristic British fossils with descriptive remarks, Pt. 1,
Pls. 1-X, 8vo., London, 1867.

BARRANDE, JoacHTM.~Systéme silurien du.ocentre de la Bohéme, Vol. IT, 3, Pl. CCXLYV,
CCCL, 4to., 1868.

Baupgs, J. F.—Kurze doch eigentliche Beschreibung eines bei Altdorf im Niirnbergischen
neuerlich gesundnen kostbahrn und noch nie gesehenen Ammoniten
und Belemniten Marmors den Hohen und allen curieusen Liebhabern
vorgeleget von dem Erfinder, 4to., Altdorf, 1754.

Baupeg, J. F.—Beschreibung des kostbahrn Altdorfischen Ammoniten und Belemniten-
marmors wie solche zum erstenmal im jahr 1754 gemacht und in dem
Drucke vorgeleget worden ist von dem Erfinder. ~4to., Altdorf, 1751.

BeDDOME, CAPTAIN R. H—The ferns of British Indis, Pts. XVII, XVIII, XIX, 4to.,
Madras, 1867-68. . ) :
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Titles of Books. Donors.

BINNEY, Auos.—Terrestrial mollusks and shells of the United States, Vols. I—IV, edited
by Gould, Roy. 8vo., Boston, 1851-59.

BINNEY, W. G.—Check List of the shells of North America, Terrestrial Gasteropoda (Smith.

' sonian Miscellaneous Collection), 2nd Edition, 8vo.

BraxrorD, H. F.—On the specific identity of the described forms of Tznalia, 4to., London.

BorN.—Testacea Musei Ceesarei Vindobonensis, Roy. Fol. Vindobonse, 1780.

BoaN.—Catalogue methodique et raisonné de la collection des fossiles de Mlle. Eléonore de
Bu&\. Vols. I, II, 12mo., Vienne, 1790.

BoureuieNaT, M. J. R.—Mollusques nouveaux litigieux ou peu connus, Fascl. VIII, 8vo.,
Paris, 1867.

BourNoN, CoUNT DR.—A descriptive catal of diamonds in the Cabinet of Sir Abraham
Hume, ., with Plates, 4to., London, 1815.

BravN, F.—Verzeichniss der in der kreis-naturalien Sammlung ru Bayreuth befindlichen
Petrefacten, 4to., Leipzig, 1840. v

Berarp, C.—Traite des pierres precieuses, des hyres, granits, marbres, albrates, et autres

o roches, propres a recevoir le poli et a orner les monumens publics et les
i edifices particuliers, Pts. I, I, 8vo., Paris, 1808.
Beoxw, H. G.—System der Urweltlichen Konchylien, with Atlas, Fol. Heidelberg, 1824,
Broxx’s, D2. H. G.—Klassen und ordn des thier-reichs wissenschaftlich dagestel]t in

iwsglét und Bild., Bd. V., Lief. 5, Roy. 8vo., Leipzig und Heidelberg,

BrowN, RoBERT.~—The miscellaneous botanical works of Robert Brown, Esq., Vol. II,
(Ray. Society), 8vo., London, 1867.

Carorro, T. A —Saggio di zoologia fossile, 4to., Padova, 1827.

CHARPENTIER, J. F. B.i—;glsinerdogische Geographie chursachsischen Landes., 4to., Leipzig,

Crexvu, M.—Illustrations conchyliologiques ou descriptions et figures de toutes les coquilles
connues vivantes et fossiles, classées suivant le systéme Lamarck,
24 Livraisons, Roy. Fol., Paris.

Cairry, Epwaep.—~Contributions to Conchol(?y (of Prof. C. B. Adams), No. 1, Terrestrial

. and fluviatile shells of Jamaica, 8vo., 1853,

CoNYBRARE, REV, W. D., AND PHILLIPS, WM.—Outlines of the Geology of Eng]and and Wales,
with an introductory compendium of the general principles of that
science and comparative views of the structure ofp foreign countries,
Pt. I (all published), 8vo., London, 1823,

Croizer, L'ABBE, BT JOBERT, AINE.—Recherches sur les ossemens fossiles du department du
N Puy-de-dome, 4to., Paris, 1828.
CrossE, M. H.—Observations sur le genre, et description de trois espéces nouvelles avec un
catalogue alphabetique des Cones actuellement connus, 8vo., Paris.
Cuvier, G.—Memoire sur les espéces d’6léphans vivants et fossiles, 22 pp. 4to., Paris.

Cuyegg, D, M. CE.~Revue de I ition de 1867, publiée par la Revue Universelle des
mines, de la Metallurgie, destravaux publics des Science et des Arts
appli%ms a |’ industrie sous la direction, Liv., 1la, 2, 2a, 8, and 3a,
8vo., Paris and Liege, 1867.

DiuBrER, A.—Rapport sur les p s de la Geologie experimentale. Rec de rapp. s. L. progr.

PPO des lett. et ﬁes Sci. en France, Roxge 8vo., Paris, 1867. P progr

D’ArcHiac, A.—Paléontologie de la France. Rec. de. rapp. sur les progr. des lett. et des Sci.
en France, Roy 8vo., Paris, 1868.

Davipsoxn, THos,—A few remarks on the Brachiopods, 8vo.
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Titles of Books. Donors.

D’AvuBuissoN pE Voisins (translated by J. G. Wiemann).—@eognosie oder Darstellung
der jetzigen Kenntmisse iiber die phys. u. min. Beschaffenheit der
Erdkiigel, Bd. I, II, 8vo., Dresden, 1821-22.

DerEAM, W.—Astro-Theology or a demonstration of the Being and Attributes of God, from
a Survey of the Heavens, 8vo., London, 1721,

Dorrrus-Ausser.—Materiaux pour I'etude des glaciers, Tom. VII, 8vo., Paris, 1867.

Dove, H. W.—Uber Eiszeit, F6hn und Scirocco, 8vo., Berlin, 1867.

EicawaLp, De. EDwARD.—Reise auf dem caspischen Meere und in den Caucasus, Bd. I,
Pts. I, II, 8vo., Stuttgart and Tiibingen, 1834-37.

Exez1s, J. A.—Flora der Vorwelt, aus dem Werdenschen Steinkoblengebirge, 4to.

ErriNasHAUSER, C. R. VoN.—Die Farnkriuter der Jetzwelt zur Untersuchung und Bestim-
mung der in den Formationen der Erdrinde eingeschlossenen Ueber-
reste von vorweltlichen Arten dieser Ordnung nach dem Flichemskelet
beearbeitet, Fol., Wien, 1865.

Faver, A.—Observations sur les diceras, 4to., Geneve, 1843.

FLemiNG, JorN.—History of British Animals, 2nd Edition, 8vo., London, 1842.

Fireming, JorN.—The Philosophy of Zoology, Vols. I, II, 8vo., Edinburgh, 1822,

FREMONT, BREVET CaPrarx J. C.—Narrative of the exploring expedition to the rocky Moun-
tains in the year 1842, and to n and North California in the
years 1843-44, with a map and illustrations, 8vo., London, 1848.

Frrrsce, K. V., HaRTING G., UND RE1ss, W.—Tenerife, geologisch-topographisch darges-
tellt, Fol., Winterthur, 1867. ]

Gavpi¥, CH. JH. ¥t DELAEABRPE, PH.—Flore Fossile des environs de Lausanne, 8vo.,
Lausanne, 1856.

GEMMELLARO, G. G.—Monografia del. genere Itieria (Matheron), 4to., Palermo, 1863,

GERvVAlS, PauL.—~—Nouvelles recherches sur les animaux vertebres dont on trouve les ossements
enfouis dans le sol., Ser. I, Liv. 6, 7, 4to., Paris. E

GMELIN, 8. G.—Reise durch Russland zur untersuchung der drei natur Reiche, Theil. 1,2, 3
4to., St. Petersburg. :

GoEBEL, DR. FR.—Reise in die Stepgen des siidlichen Russlands, Theil. 1, 2, and Plates, 4to.,
Dorpat, 1837-38.

Gourp, AvausTus A.—Expedition Shells, described for the work of the United States explor-
ing expedition, commanded by C. Wilkes, during 1838-42, 8vo.,
Boston, 18486.

GRIFFITH, WILLIAM.—Journals of travels in Assam, Birma, Bootan, Affghanistan, and the
neighbouring countries, 8vo., Calcutta, 1847,

Geoxovn, L. TH.—Museum Ichthﬁlo%icum, sistens piscium indigenorum et quorumdam
exoticorum, ol., 1754.

HAAPNER, JACOB.—. t&vallen og eene reize von Madras, over Tranquebaar naar het eiland

ilon. I, 8vo., Amsterdam, 1826.

HaAFNER, JacoB.—Reize te voet door Het eiland Ceilon, II, 8vo., Amsterdam, 1826,

HaarNER, JAcOB.—Reize in eenen palanquin of lotgenvallen en merkwaardige aahteekeningen
op eene reize de kusten Orixa en Choromandel, III, IV, 8vo.,
Amsterdam, 1827,

HarpiNGER, WILHELM.—Ueber das Vorkommen von Pflanzenresten in den Braunkohlen
: und Sandstein-Gebilden des EI er Kreises in Bohmen nebst

einigen damit zusammenhéngenden Bemerkungen, 4to., Prag, 1839.

HALDEMAN, 8. 8.—A monograph of the fresh water univalve mollusca of the United States,
Roy. 8vo., Philadelphia, 1842,
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Hawrgixs, THoMas.—The book of the Great Sea-dragons, IcAtAyosauri and Plesiosauri
. with thirty plates, Fol., London, 1840.

HEeLLER, P2or. DB. C.—Beitriige zur niiheren Kenntniss der Macrowren, 8vo.

HELMERSEN, G. Dl.—l?e&m gisements de Charbon de terre en Russie, Roy. 8vo., 8t. Peters.

HocHsrETTER, DR. F. VoN.—New Zealand ; its physical hy, geology, and natural

i , with special referenZe to tie rell:llt{ ogeaovemment expedi-

tions 1n the provinces of Auckland and Nelson, Roy. 8vo., Stuttgart,

1867.
HaeriNneHAUS, F. W.—Beitrag zur Monographie der Gattung Cranmia, 4to., Crefeld, 1828.

HouxT, JAMES.—Anniversary address delivered before the Anthropological Society of London,
January 5th, 1864, 8vo., London, 1864.

J®aEs, G. F., M. p.~Ueber die fossile Reptilien, welche in Wiirtemberg aufgefunden worden
sind., 4t0., Stuttgart, 1828.

Jaepine, 818 WiLttaMm.~The Ichnology of Annandale, or illustrations of foot-marks im-
ressed on the new red sandstone of Corncockle Muir.,, Roy. Fol.,
gldm‘ burgh, 1853.

JaY, JoEN C.—A catalogue of the shells of, 4th Edition with a supplement, 4to.,
New York, 1850.

JxrrREYS, J. GWYN.—The upper tertiary fossils at Uddevalla in Sweden, 8vo., London.

JEFFREYS, J. GWYN.—Remarks on Stilifer, a genus of quasiparasitic mollusks, with parti-
’ culars of the Europea’.n s];‘:cies 8. Turtoni, 8vo. ’

Jervis, Ligur. H.—Narrative of a journey to the falls of the Cavery, with an historical
and descriptive account of the Neilgherry Hills, 8vo., Lond., 1834. -

JoNas, Dzr. J. H—Molluskologische Beitrige, Tafl., VII-XI, 4to., Hamburgh, 1844.
JoxEs, J. Munxw.—-Cfsnﬁtzibntions to the natural history of the Bermudas, 8vo., Halifax,

KaurMaNK, F. Jos.—Der Pilatus, Geologisch untersucht und beschrieben, 4to., Bern., 1867,
) with Atlas Folio.

Kavp, J. J.—Description d'ossements fossiles de mammiferes inconnus jusqu’a présent, qui se
trouvent au Muséum grand-ducal de Darmstadt, avee ﬁgures?itho-
ghraphieds, Cahier, 1-4, 4to., Darmstadt, 1832-35.

K1exER, L. C.—Species gélifral et iconographie des coquilles vivantés, Vols. I—XII, Roy.
80., Paris.

KigcHEBR, Ammmsa:liix;gga subterraneus in XII Libros digestus, Fol.,, Amster-

Kn~og, G. W.—De natuurlyke histoire der Versteeningen, 4 Vols., Folio, Amsterdam, 1773.

Kzaus, Pror., DR.=—Neue Kaps'che Mollusken, als zusatz zu meiner Schrift “ die sudafri-
kanischen Mollusken,” 8vo.

Kuester, H. C.—Systematisches conchylien-Cabinet von Martini und Chemnitz, Bd. I,
Hf. LXXVIII, Lief. 186, 4to., Niimburg, 1868.

Lgea, Isaac.—A Symopsis of the family of Naiades, 2nd Edition, 4to., Philadelphia, 1838.

LEa, Isasc.—Rectification of Mr. T. A. Conrad’s Synopeis of the “Family of Naiades of
North America,” 8vo., Phil., 1854.

Lga, Isasc.—Description of new species of shells extracted from Proc. Acad. Nat. Sci.,
Philadelphia, 8vo., Phil., 1857-62.

LrcoQ, HENRY.—Les époques géologiques de I'’Auvergne, Tom. I—V, Roy. 8vo., Paris, 1867.

LeoNHARD, R. C.-Vulcalnsﬁ-A zur naturgeschichte der Erde, 15 maps, 4to., Stuttgart,



16 Records of the Geological Survey of India. [vor. 1.
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Ling, M. J. G.—Historia naturalis castoris et moschi, small, 4to., Lipsice. :
LisTeR, M.—Historiee sive g‘{nopsis methodice conchyliorum et tabularum anatomicarum ;

* editio altera, Folio, 1770,

Luxp, M. A.~—Recherches sur les emvelloppes d'oeufs des Mollusques Gasteropodes
pectinibranches, avec des observations physiologiques sur les embryons
qui y’sont contenus, 8vo.

Lymax, THEODORE.~Illustrated catalogue of the Museum of Comparative Zoology at
Harvard College, No. 1, Roy. 8vo., Cambridge, 1865.

MaRGOLLE BT ZUSCHER.— Les météores, 2nd Edition, 8vo., Paris, 1867.
MirreNs, E. V.—Die preussische Expedition nach Ost-Asien, Zoologischer Theil., Bd. I, 1
and II, Roy. 8vo., Berlin, 1865-67. L
MassoN, CHARLES.—Narrative of various journeys in Baloochistan, hanistan, and the
! Punjab, Vols. I, 1L, 111, 8%0,, Lond., 1842, Als
Muassor, CHABLES.—Narrative of a journey to Kelat, including an account of the insur-
rection at that place in 1840, and a Memoir on Eastern Baloochistan,

8vo., London, 1843.
MicazrLoTTI, G- io storico dei Rizopodi carratteristici dei terrani sopraeretacei, dto,
’ S8 fodens, 1841, P T

MiLxe-Epwarps, A.—Recherches anatomi ot Paléontologiques pour servir a I'histoire
des Qiseaux fossiles de la France, Liv., 8, 9, 15, 16, 17, 4to., Paris,

1867.
Mircarrr, Masor T. L.—Three expeditions into the interior of Eastern Australia, Vols. I, IT,
8vo., London, 1839.

MozsscH, Cas.—Geologische Beschreibung des Aarganer Jurs, und der Nérdlichen Gebiete
’ des Kantons Zirich, 4to., Bern., 1867.

MoussoN, ALsr.—Coquilles terrestres et fluviatiles recucillies par M. C. Prof. Bellardi dans
un voyage en Orient., 8vo., Zurich, 1854.

Moussor, ArB.—Coquilles terrestres et fluviatiles recueillies par M. C. Prof. J. R. Roth
dans son dernier voyage du Palestin, 8vo., Zurich, 1861.

MoussoN, ALB.—Coquilles terrestres et fluviatiles de quelques iles de l'ocedn pacifique re-
’ 9% sueillies par M. C. Dr. E. Graoffo, 8vo, pocifi

MogrcH, Orro A. L.—Review of the genus Tenagodus, Guettard, 8vo.

MoggcH, O. A. L.—Catalogus conchyliorum qus reliquit d. Alphonso d’aguirra, &c.,acephala,
annulata, cirripedia, echinodermata, Fas. 2, 8vo., Hafnie, 1853.

MuzeLLER, C. F.—Vermium terrestrium et fluviatilium seu anjmalium infusoriorum, helmin-
thicorum et testaceorum non marinorum succincta historia, Vols. I, IT,
4to., Hafnim, et Lipsie, 1773-74.

MuEeLLER, Jor.—Ueber die fossilen Reste der Zeuglodonten von Nord America mit Riick-
sicht anf die europaischen Reste aus dieser Familie, Fol., Berlin, 1849.

MuEeLLER, TH.—Synopsis novorum generum, specierum et varietatum testacoorum
. viventium, anno 1834, promulg., 8vo., Berolini, 1836.

MuNsTER, GEORG. GRAFF zU.—Ueber die Planuliten und Goniatiten im Ueber-gangs-kalk
des Fichtelgebirges, 4to., Bayreuth, 1832,

Newcoms, WesLEY.—Description of a new species of Heliz from Bougainsville Island, 8vo.

Ni1LssoN, SvEN.—The primitive inhabitants of Scandinavia, 3rd Edition, edited by Sir J. Lub-
%ock, Bart., 8vo., London, 1868.

Oxford Essays contributed by Members of the University, 8vo., London, 1855.
ParApiLHE, M.—Nouvelles Miscellanies malacologiques, Fascl, II, Royal 8vo., Paris, 1867.
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Parkrs, W. K.—A mon h on the structure and development of the shoulder-girdle and
s&grn?m in the vertebrata (Ray Society) Fol., London, 1868.

Paxpeg, C. H. vsp Artox Ep. »’.—Vergleichende Osteologie, Fol., Bonn.y 1821.

PrerrrER, DB. L—Verzeichniss der durch Herrn Dr.. V. Tschudi in Peru gesammelten Con-
chylien, 8vo.

PriLiper, DR. A.~Bemerkungen iiber die Molluskenfauna Unter-Italiens in Beziehung auf
die geﬁm hische Verbeitung der Mollusken und auf die Mollusken-
fauna der Tertidrperiode, 8vo.

Parrire1, De. A.—Zoologische Beobachtungen, 8vo:

Prmuirer, De. R, A.—Abbilds n und Beschreibungen neuer oder wenig gekammier Co
ehylien:mB%‘; I, 11, III, 4to., Cassel., 1845, e ge "

PrILLIPS, J. Axmm.-l—s'lél;e mining and metallurgy of gold and silver, Royal 8vo., London,

Piorer, F. J.—Matériaux pour la paleontologie Suisse on recueil des mon hies sur les
' fossl'i‘loes du Jura et des Aldps, Ser. 4th, Liv. 9, 4to., Geog:el: 1867.

PraYFAIR, JoHN.—The works of—, 4 Vols., 8vo., Edinburgh, 1822,

Poxson, A. T.—Handbuch der Steinkohlen-bergbaues oder Darstellung des in der bedentend-
sten Sheinkohlen-Bergverken Europa’s zur Aufsuchung; Gewinnung,
und Forderung der Brenbaren Mineralien angewendeten Verfahrens,
mit Atlas, 4to., Wiemar, 1856.

Poorz, R. 8.—The genesis of the Earth and of Man, 8vo., Edinburgh 1836.

Priue, Teurre.~List of the known species of Pisidium with their synonymy, 8vo.-

Prius, TeupLE.—Monograph of the species of Spharium of North and South America, 8vo.,
Phil, 1862

RaBUT, LAUBENT.—Habitations lacustres de ls Savoie, 2me. Mémoire, 1 Album,.17 Plos.,
Royal 8vo., Chambery, 1868.

RESVE, LOVELL.~A revision of the histo on, and. geographical distribution of the
* Terebratule, 8vo. ™Y Synonymy ) P
ReeNaUD, J.—Histoire 6lémentaire des mineraux usuels, 2nd Edition, 8vo., Paris, 1867.
Roemeg, Carl FERD.~Das Rheinische Uebergangsgebirge, 4to., Hanover, 1844
, GUSTAV.~Beschreibung und Eintheilung der Meteoriten auf Grund der Samml im
Boss, * minerg.lbgischen Museum zu Berlin, 4to., Berlin, 1864. e
RossuxssLEs, E. A.—Die versteinerungen des Braunkohlen sandstein aus der nd von
Altsattel in-Bohmen., Hf. I, Royal 8vo., Dresden und I;elpgz‘:g;,3 1840.
RossmzEssLEr, Pror. E. A.—Iconographie der Land und Siisswasser-Mollasken, mit vorzi-
licher Beriicksichti der europmsc"' hen noch nicht abgebildeten
ixtan-,‘ Royal 8vo., sden und Leipzig, 1835-39.. )
Sy, THoMAS.—Desoription of the land and fresh water shells of the United States, with
MS. translation in French, 8vo., Phil., 1819.
84¥, THOMAS.~American Concholo%y, or descriptions of the shells of North America, Vol. I,
Nos. I-V, and a Glossary to Say’s Conchology, 8vo.,, New Harmony,
Indiana, 1830-32.
ScHLUTEB, FB.~~Kurzgefasstes systematisches Verzeichniss meiner Conchylien sammlun
nngnebet Andeutung aller bis jetzt von mir bei Halle gefundenen Lans
und Fluss conchylien, 12mo., Halle, 1838.
Scuzexx, D'LEoroLp v.—Reisen und forschungen im Amur-lande in den Jahren, 1854-56,
Mollusken des Amur-landes und des Nord japanischen Meeres,
Bd. I, Lief. 3, 4to., St. Peters, 1867,
D
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SEELY, JoHN B,——The Wonders of Ellora ; or the narrative of a journey to the templos
. and dwellings excavated out of a mountain of granite, and extendi
upwards of a mile and a quarter at Ellors, in East Indies, 8vo.,
London, 1824,

SowERBY's Genera of Shells, Vols. I, II, 8vo.
S8owEersY, G&. B.—The conchological Illustrations, 8vo., London, 1841.

STEENS TBUP, J. J. SM.—Rhizockilus antipathium, Stp. en til Purpura, familien horende
! ny sleegt og art of Snegle, &o., 3?, 4t0., Kjobenhavn, 1853.

STRININGEB, JOHANN.—Geognostische studien am Mitielrheine, 4 Parts in 1 Volume, 8vo.,
Mainz, 1819,

STEININGEE, J.~Geognostische Beschreibung des Landes zwischen der untern Saar und
dem Rheine, 4to., Trier, 1840,

SreEvENs, De. R. P.—Remarks on the Taconic System, 8vo.

TERNER, M.—Catalogue des mollusques terrestres et fluviatiles observés dans les Fouum ns
Francaises, au Nord de PAfrique, 8vo., Paris and Lyons, 1839.

Txss1N, Dom. CAR. (asT.—Museum Tessianum, opera illustrissimi comitis &ec., Fo
Holmiz, 1758. » &ey o, Fl,

THEOBALD, G.—Die Siid Gstlichen gebirge von Graubiinden, 4to., Bern., 1868,
THOMSON, THOMAS.—Western Himalaya and Tibet, 8vo., London, 1852.

Troost, G.~Fifth Geological Report to the twenty-third general assembly of Tennessee,
8vo., Nashville, 1840. yEE 7 '

TrosoHEL, DB, F. H.—Das gebiss der Schnecken zur bergriindung einer naturlichen classi~
fication, Bd. I, II, 1, 2, 4to., Berlin, 1856-68.

VALvASORS, J. R.—Die Ehre des Herzogthums Crain, Theil. 1, 2, 3, 4, Fol., Laubach, 1689.

V1aNE, G. T.—A personal narrative of a visit to Ghuzni, Kabul, and Affghanistan, and of a
residence at the Court of Dost Mohamed, &c., &c., 8vo., London, 1840.

Viexg, G. T.—~Travels in Kashmir, Ladak, Iskardo, Vols. I, IX, with map, 8vo., London, 1842,

Voar, CaL.—Lehrbuch der Geologie und Petrefactenkunde, Pt. IV, Bd. I, 3rd ed., 8vo.,
Braunschweig, 1868.

‘WaLDIN, J. G.—Die Frla.7n7ksenberger Versteinerungen, nebst ihren Ursprunge, 4to., Marburg.,

‘WiLpg, W. R.—A descriptive catalogue of the antiquities in the Museum of the Royal Irish
Academy, articles of stone, earthen, ve%table, and animal materials ;

and of copper and bronze, Vol. I, 8vo., Dublin, 1863.
Wicpe, W. R.—=Cal of the antiquities of gold in the Museum of Royal Irish
my, 8vo., Du%lm, 1862.

ZryszNER, L.—Palmontologia polsks, Pt. I, 8vo., Warszwa, 1846.

ZryszNER, L—Nowe lub niedoklandnie opisane gatunki skamianialosci tatrowych, Pt I,
4to., Warszawa, 1843.

ZRUSCHNER, PROP. DR. L.—Palmontologische Beitrige zur Kenntniss des Weissen jura-
kalkes von Inwald bei Wadowice, 4to., Prag., 1857.

ZiaNo, B. A. pB.—Flora fossilis formationis oolithice, Pts. III, IV, Fol., Padua.
ZugcHER, et MARGOLLE.—Volcans et tremblements de terre, 8vo, Paris, 1866,
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. PERIODICALS.
Titles of Books. Donors.
American Journal of Conchology, Vols. I, II, ITI, Parts 1—3, 8vo., Philadelphia, 1865—67.

American Journal of Science and Arts, Vol. XLIII, 127-—129; XLIV, 130—132; XLV,
133, 8vo., New Haven, 1867-68.

Annales de Chimie et de Plgsique, Ser. 1, Vols. I=XCV, Ser. 2, Vols. I—LXXYV, Ser. 3,
Yols. LXXVI—CXLIV, Ser. 4, 1—3. Indices, 6 Vols., Paris, 1816-64.

Annales des Mines, 6me. Ser. XTI, Livr. 4, 6, 8vo. Paris 1868. 1’ApMINISTR. DES MINES.
Annals and Magazine of Natural History, 4th Ser., Vol. 1, 3—85, 8vo., London, 1868.
Engineer’s Journal, Calcutta, Vol. X1, 4, 5, 1868, 4to.
Geological Magazine, Vol. V, Nos. 2—8, 8vo., London, 1868.
Journal de Conchyliologie, 3me. Ser., Tom. VIII, No. 2, 8vo., Paris, 1868.
Neuss Jahrbuch fiir Mineralogie, Geologie und Palmontologie Hft. 1, 2, 1868.
Novitates Conchologics, Abth. I (Dr. L. Pfeiffer), Lief, 19, 20, 4to., Cassel, 1868.

» ”» Abth. IT (Dr. W. Dunker), Lief. 13 , 5 ”
Palwontographica, XV, 6, 4to., Cassel.
Petermann, Geographische Mittheilungen, 4to., Gotha, Hft. 1—4, 1868.
Professional papers on Indian Engineering, Roorkee, Vol. V, No. 19, Masor MepLEY, R. E.
Quarterly Journal of Science, Vol. V, No. 18, London, 1868.
Quarterly Journal of Microscopical Science, New Ser., No. 80, 8vo., London, 1868.
Zoologiltv—'.|31:o—(v:m(lm:l’tgi‘;3 by 518!‘.‘1. Newman, Vols. I—XVI (bound in XI) 8vo., London,

Zoological Journal—The—conducted by Bell, Children, Sowerby, Vigors, &c., Vols. I—V,
8vo., London, 1824-35.

GOVERNMENT SELECTIONS, &C. (FROM THE GOVERNMENTS).

Bompay.—General Report on the administration of the Bombay Presidency for 1866-67.
N. W. ProviNces.—Appendioes to Report on administration of—for 1866-67.
Report on meteorological observations in the North-Western Provinces,
by Murray Thomson, M. D. .
.. . s - 1
p g e e G IR
PuxsaB.—Annusl Report of the Lahore Lunatic Asylum for 1867.

NiapuR.~Chief Commissioner’s Report of EthnoloFical Committee on papers laid before
them, and upon examination of specimens of aboriginal tribes brought
to the Jubbulpore Exhibition of 1866-67.

Bexoar.—Report on cattle diseases, by Dr. McLeod.
Ixpia,—List of Civil Officers holding gazetted appointments to 1st of January 1868.
,,  Ain-i-akbari, Fase. 4, 5, Bibliotheca Indica, New Series, Nos. 120, 122.
, Annual Report on operations of the Post Office for 1866-67.
Annual Report on administration of the Province of Oudh for 1866-67.
Report of the revenus administration of the Provinoe of Oundh for 1866-67.
» Ditto ditto ditto, Part I, Settlement.

Report on administration of Penal Settlement of Port Blair, Andaman Islands,
fOl‘ 1866'670 .

»

”
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INDIA.—= Annals of Indian administration, 1866-67, Vol. XII, Part I.
» A oollection of existing Rules for the sale in fee simple of waste-lands in India
{compiled for Home Department).

TRBANSACTIONS OF SOCIBTIES, &0C.
AMSTERDAM.—Verhandelingen der Kominklijke Akademie van Wetenschaffen, 4t0., Deel
I, II, IV-IX, 1854-61.
BERRLIN.~Zeitschrift der deutschen Geologischen Geeellschaft, 8vo., Bd. XIX, g&t

.— Verhandl des naturhistorischen Vereines der Preussischen Rheinlande and
Box.—Ver mngee.hiilens, Jahrg. XXIII, Folge. I1I, Bd. 8, Hft. 1, with map,
8vo., Bonn., 1866.

BosToN.—Proceedings of the Boston Society of Natural History, 8vo., Vol. X, pp. 289-418:

Vol. XI, pp. 1-96. HE SOCIETY.
» Condition and doings-of the Boston Soc. of Natural History, 8vo., B;;t:nSocmr
.~Jahres-Bericht der Schlesiachen Gesellschaft fiir Vaterleendische Kultur, 4to., 1847
DaEstev 226) : 1849 (27)—1855 (33). Dz. M. Hornes.
.—Bulletin de I'’Acad. Roy. des Sciences, des lettres, et des Beaux-arts de Belgique,
B e e o Bmas s Tom ZXLY. e’ Tt Acsonae,
o Annuaire de 'Acad. Roy de Belgique, XIV, 12mo. Drrro.
» Mémoires couronnés, et _autres mémoires publies par I'Acad. Roy. de Belgique,
8vo., Tom. XIX, XX, ACADEXY.
» Mémoires couronnés, &c., 4to., Tom. XXXIII. Drrro.

, Mémoires sur les questions proposées par I’ Acad, imperiale ot ro des sciences
g t bellea lottres do Bruxelles, 4to., Tom I—IV, 177, -37;;.‘“

Mémoires de I’Academie imperiale et royale, des sciences. et bell lettres, de
¥ Bruxelles, 4to., Tom. I—IV, I7y7‘71?88. %

. Nouveaux Mémoires de I'Acad. royale, des sciences, et belles lettres, do Bruzell
’ 4t0., Tom. I—XIX, 18{?31.5. *

Mém. de Y'Acad. roy. des sciences, des lettres, et des Besux-arts de Belgi , 4
” Tom. XX—XXXV, 1847-64. o Belgique, to.

Mémoires sur les questions proj I'Academie Roy. d iences
> do Balgiqus, 40, Tom. T, 1818.26. . (oo acionces, &,
, Mémoires couronnés par I'Acad. royale, des sciences, et belles lottres de Bruxelles,
’ “4to., Tom. VI~XTV, 182743, ’

Mémoires couronnés, et Mom. des savants étrangers publiés par Acad. roy. des
” icienees, et belles lettres, de Bruxelles,p 4to., l.)l“:'m XV—1VIII,

v Mémoires publiés par I'Acad. roy. des sciences, des lettros, ot des Beaux-arts

& Belgique, dto., Tom. XIX—XXXTY, 1047 0"

Carcurra.~Journal of the Asiatic Society, Bengal, Pt. I, No. 1, 1867—Pt. IT, No. 1, 1868,
8vo., Calcutta. '

SocIETY.
» Index and Contents of Vol. XXXVI, Pt. IT, 1867, Drrro.
” Proceedings of the Asiatic Society, Bengal, 8vo., Nos. 3—6, 1868.  Drrro.

Total eclipses, and the total eclipse of 18th August 1868, by Major J. F.
" g.l‘enna.nt, R. E,, 8vo., Calcutta, 1868, “5“8 e 1TTO.
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CALCUTTA,~Annual rt of the Geological Survey of Indis and of the Museum of
R&logy for 1867, l80v8:>l ., Calcutta. THE SURVEY.

» Records of the Geological Survey of India, Vol. I, Pt. 1, 8vo., Calcutta. Drrro.
D1soN.—Mémoires de V'Acad. imperiale des Scxenoec, arts, et belles lettres de Dijon, Tom.

X171, X111, 2me Ser. 1865-66, 8vo. THE SURVEY.
Dmnut.—Sxtzungsbenohte der naturwiss. Gesellschaft, Isis, Dresden, Nos. 2-12,
February—December 1865, Nos. 1—8; Ji anuary—Juna 1866,
Nos. 7—12, 1867-68, 8vo. THE SOCIBTY.
» Schnee Krystallen beobachtet in Dresden, 1845-46. Drrro.
» (Jena) Verhmdlnngen der Kais. ldmo-Cn'ohmacben deutachen Academie
der Naturforschen, 4to., Vol. THE ACADEMY.
DUBLIN.~Journal of the Royal Dublin Society, No. XXXI, 1864, THE S0CIETY.

FRANKFORT ON MAIN.~Museum Senckenbergianum, Bd. I, IV, Pt. T, 4to., 1834-39.
GENEVA.—Mémoires de 1'Institut National, Genevois, 4to., Tom. I—VIII, 1854-62.

G&TriNgEN.—Abhandlungen der Koniglichen Gesellschaft der Wmenschaﬂen, Gottmgen
nngem X111, 1866-67.

» Nachrichten von der K. Gesellschaft d. Wissen. und der Georg-Augusts
Universitit, a. d. Jahre. 1867, 8vo., Gottingen. THE SoCIETY.
Huu.—Abhandlungeli sdgg.geaturfomhenden Gesellschaft zu Halle, 4to., Halle, Bd. I—IX,

LissoN.—Historia ¢ Memorias da Academia R. das Sciencias de Lisboa, 2nd Ser., Tom. I
{’g;;-, 5%1 : Tom, IL, Pt. I, II: Tom. III, Pt. I, II. Folio, Lisbon,

LoxpoN.—Philogophical Transactions of the Royal Society of London, 4to., Vol. CLVI,
Pt. II, CLVII, Pt. I, 1866-67. Tuz Soctery.

» Proceedings of the Royal Society of London, 8vo., Vol. XVI, Nos'i‘g—loo. ]

» List of Fellows of the Royal Society, 30th November 1866. Drrro.
» Quarterly Journal of the Geological Society of London, Vol, XXIV, No. 94, 8vo.
THE SoCIETY.
» Proceedings of Geologists’ Association, 8vo., Nos. 1==10, Pror. TENNANT.
- Proceedings of Royal Geographical Society, 8vo., Vol. XTI, No: 1.
THE SoCIETY.
Proceedings of the Royal Institution of Great Britain, Vol. TII, Nos. 81, 32:
” Vol V, Puyd 1, I, Nos. 45, 46. " " Tug InsmiroTION.
» Additions to the Library of Royal Institution, July 1859 to Jul ’EéSGO
INsTITUTION.
» Journal of the Society of Arts, &c., Vol. XVI, Nos. 793—801, 803—807, 8vo.
TaE Socn'r!.
Ditto ditto Vols. I XV, 8vo., 1852—867. Drrro.
Mn.uw ~=Atti della Societa Italiana di Scienze Naturali, Milano, Vol. IX, Fasc. 8: X,
Fasc. 1, 2, 8vo., 1867.
Moscow.—Bulletin de la Société Impérialé der Naturalistes de Moscow, 8vo., Tom. XL,
No. THE SOCIETY.
Mlmlcn.—Annalen der Komglmhen Sternwarte bei Miinchen, 8vo., Munich, Bd. XV, XVL
Taz B.wm.m Ac.u)nxr.
»n Sitzungsber, der Konigl. Bayer. Akademie der Wms. zu Miinchen, Bd. I, Hf. 4.
THE BAVARIAN ACADENY.
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, Titles of Books. ' Donors.

Newcastze oN TyNE~Transactions of the Tyneside Naturalists’ Field Club, 8vo.,

: Vols. I—VI, 1850-64.

NewravEN, CoNN.—Transactions of Connecticut Academy of Arts and Sciences, Vol I,
Pt. I, 8vo., 1866. THE ACADEMY.

Paxis.—Bulletin de la Soc. Géologique de France, 2me. Ser. Tome XXV, I, XXIIIL

Mémoires de I’Academie des Sciences de VInstitute de France, 4to., Tom, I—XXXIV,

”

1815-1864.
,  Comptes rendus hebdomadaires des séances de V’Academie des Sciences, 4to. Tom.
I—LVII, 1856-68.

PrrERsBURGH.~Commentarii Academim Scientisrum Imperialis Petropolitanse, Tom. I—XTIV,
4to., 1728-1751.
» Novi Commentarii Acsdemise Scientisrum Im Potroi poli tans,
Tom. I—XX (XIV in 2 parts), 4to., 1749-1776.
Acta AI?B%M Scientiarum Imp. Petropolitans, Tom. I—XII, 4to., 1778-
Nova ]%3% Acad. Scient. Imp. Petropolitane, Tom. I—XX, 4to., 1787—

”

”

» Mémoires do I'Acad. Tmpérisle, des Sciences de St. Petersburg, 5me Ser.,
Tom. I—XI, 4to., 1809-1830.
Bulletin de PAcademie Impériale, des Sciences de St. Petersburg, 4to.,
Tom. XII, 4.
PrrLapeLPEIA—Journal of the Franklin Institute, Vol. LIV, No. 6: Vol. LV, Nos. 1-3,
8vo., Phi TaE INSTITUTE.

” Proceedings of the American Philosophical Society, 8vo., Vol. X, No. 76.
THE SOCIETY.

—Prosoodings of the Fasex Tnstitute, Selem, Yol. TV, 1—4, Jan. to Dec. 1864
SarEu 5.8, Jan. to Dec. 1865: Vol. V, 1, 2, 1866, 8vo., Salem.
THE INSTITUTR.

"The Naturalist's Directory, Pt. I, North America and West Indies. Dirro.

%:monn.—xongh Svelllgl;;Vetenskaps Akademiens Handlingar, 8vo,, Tom. I—XL, 1739

Nya Handlingar, 8vo., Tom. I—XXXTIV, 1780-

” *  18i2 "
Kongl. Vetenskaps Akademiens, Handlingar, 8vo., Tom. 1813-1836.
rgische naturwissenchaftliche Jabreshefte, Jahrg., XXIV, Hf 1, 2,

Srorrasnr.— Wiirttembe
8vo., Stuttgart, 1868.

or1n.—Memorie della Academia delle Scienze di Torino, 2nd Ser., Tom. XXT, XTI, XXITI,
4to. THE ACADEMY.

»  Atd della Real. Academis d'Scienze di Torino, Tom. X, disp. 1-7; II, disp. 1.7;
111, d. 1, 8vo., 1866-67. . THE ACADEMY.
— Aota regi Societatis Scientiaram Upsaliensis, Ser. ITI, Vols. I—V (7 parts).
Uzsaz—Nom ‘sto., Upsalis, 1855-65. et ) ’
_Jahrbuch der K. K. Geologischen Reichs-Anstalt, Royal 8vo., Bd. IV, Hft. 1,2,1853.
VA e ditto . Bd. XVII, 1—3, Jan. to Sept. 1867. 7" s InerrroTs.
Verhandlungen der K. K. Goologischen Reichs-anstalt, Royal 8vo., 1867, 1-12.
Tgg INSTITUTE.

W asisGros.—Annual Report of Board of Regents of the Smithsonian Institution, showing
: the operations, &c., &, for 1865, 8vo. Tae INSTITWTION.
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Titles of Books. Donors.
WasmINaToN.—Bibliography of North American Conchology previous to the year 1860,
ogi’at. ﬁ (Smiths. Misc. Collection 174), 8vo. THE INsTITUTION.
v Land and freshwater shells of N. America, by W. G. Binney, 8vo. (Smiths,
Misc. Coll., 143 and 144), 1865. TaE INsTITUTION,
» Catalogue of N. American birds, chiefly in the Museum of the Smithsonian
Institution, Washington, by S. F. Baird, 8vo. THE INSTITUTION.
» Check List of the invertebrate fossils of N. America (cretaceous and jurassic ;

Miocene), (Smiths. Misc. Coll., 177 and 183), by F. B. Meek.
THE INSTITDTION.

| Geological researches in China, Mongolia, and Ja during 1862-65, b
’ " "R, Pumpelly, 4to., 1866, 80 P e INerrromion,
» Palmontology of Upper Missouri, Pt. I, by F. B. Meek and F. V. Hayden,
4to., 1865 (Smiths. Contr. Knowl., 172). THE INSTITUTION.
» On the fresh water glacial drift of the North-Western States, by C. Whit-

tlesey, 4to., 1866 (Smiths. Contr. Knowl,, 197). Tmr INsTITUTION,

” Memoir on the Mosasaurus and three allied new genera (Holcodus, Conoe
saurus, Amphorosteus), by R. W, Gibbes, 4to., 1849.
THR INsTITUTION,

” Cretaceous Reptiles of the United States, by J. Leidy, 4to., 1865 (Smiths.
Contr. Knowledge, 192). TaE INSTITUTION.

» Catalo%;of N. American Mammals, chieﬁsy in the Museum of Smithsonian
titution, by 8. F. Baird, 4to., 1857. TR INSTITUTION.

ZitpicH.—Vierteljahrschrift der Naturforschenden Gesellschaft in Ziirich, 8vo., Jahrg. IX,
Hf 1-4: X, Hf. 1-4: XI, Hf. 1-4. THE SocrETY.

” An die Ziircherische Jugend, a. d., Jahre, 1865-1867, LXVII, LXVIII, LXIX,
12mo. THE Sociery.
Mars, GEOLOGICAL, &C.

Bravuorr, E. px, n@ﬁﬁ;’iﬁ%ﬁhm 19 &:ls:xfsbgsage des six fouilles de la Carte
BereHAUS, H,, U. StULPNAGEL, F. V. Chart of the World, Gotha, 1867.
RauEes, F.—Geognostische Karte von Ober Schlesien, Fol., sheets 2, 5, 6.
BaiLy.—Map of Central America, London, 1853.
GEOLOGICAL SURVEY oF GREAT Brirain.—Geological maps of various districts, 101 sheets,
Fletz Karte des Nieder Rheinisch Westfilischen Stein-Kohlenbeckens, 7 sheets. '
Admiralty Charts of West Coast of India, Fol. 1826-56, 3 sheets.

DecueN, H, V.—Geologischen Uebersichts-karte der Rhein-provinz und der Provinz Weste
phalen, 1867,
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GENERAL RESULTS OBTAINED FROM AN EXAMINATION OF THE GASTROPODOUS FAUNA OF
THE SOUTH INDIAN. CRETACEOUS DEPOSITS, by FERD. Storiczxa, Ph. D, F. G. 8.,
Palmontologist, Geol. Survey, India. ' '

The second volume of the * Pal@ontologia Indica,” recently completed and published,
contains the descriptions of 237* species of Gastropoda from the cretaceous deposits of South
India. The fauna is very rich and varied, though probably not quite so extensive as might
have been expected relatively to the large number (146) of Cephalopods which were descri
from the same beds. Still as many species, only represented by specimensin the state of casts,
have been laid aside, further examinations of the ground will no Eoubt furnish large additions.

Taking a general review of the fauna of the Gastropoda, it will be interesting to point out
some of the more important families and genera which were found to be represented.

The first family which in this is deserving of special attention is that of the
HBLICIDE, represented by four species, three of which belong to the genus Angystoma and
one to Macrocyclis. Nearly all are found in the uppermost beds, stated by Mr. H. F.
Blanford to have been deposits in shallow water. The extremely rare occurrence of land
shells in cretaceous rocks increases the interest connected with those four species, especially
:ls they mostly belong to types which are still found living in the same or neighbouring

istricts. .

The sub-order PROSOBRANCHIA counts 174 species, of which the larger number
belongs to the SIPHONOSTOMATA CTENOBRANCHIATA. Among the 4L4T4 the genus
Pugnellus, which up to the present has only been found in cretaceous rocks of North
America, has yielded three very interesting species; it is in the recent fauna represented
by species like Strombus gallinula. The CYPREIDE are remarkably numerous, being repre-
sented here by almost as many species as were previously known from cretaceous deposits in

neral, in which, as aTule, they are very rare. Among the types described are some which
elong to Cyprea proper, several to Luponia and others to Aricia, Epona, &c. From
the large number of CYPREIDE, as also from that of the yoLuTID.&, the peculiar forms of the
MURICIDE and of the PURPURIDE, 1 draw the conclusion that the genera and species
belonging to these families were already during the cretaceous time somewhat more numerous
in the eastern than in the western hemisphere, or, in other words, that the present
distgr(-)i(llr.ution of a portion of the Gastropoda, at least, was already indicated at that remote
per1 :

The OLIVIDE are represented by a species of Dipsacus, the CASSIDIDZ by a very interest-
ing small apecies of Oniscia, the PLEUROTOMIDE by Cythara and Pleurotoma, the CONIDE by
that pecuhar form Gosavia, intermediate between this and the next family. Of the
POLUTIDE, 18 species are described belonging to the genera Scapha, Melo, Ficulopsis
(n. gen.), Fulguraria, Athleta, Volutilithes, ﬁ/ria, Polutomitra, Mitreola and Turricula.

_* Including some new specific forms, which on account of the imperfectness of the specimens have not yet
received specific names, though acknowledged as distinct from other known species. .
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Of the MuricIDE 1 would perticularly mention Pollia Pondicherriensis, because it so
much recalls the form of our common, recent Pollia melanostoma, and a species belonging
to the genus Trophon.

The TRITONIIDZE have representatives in species belonging to Hindsia, Tritonium and
Lagena ;. the BUCCINIDA in those of Nassa and Pseudoliva; the PURPURIDE in Tudicla,
numerous species of Rapa and one of Rapana. Not less interestini are also two species of
Tyichotropis and five species of the CANCELLARIIDE, representing the genera Cancellaria,
Fuclia and Narona. No TERBBRIDE have oocurred, and the PYRAMIDELLIDE offer no
peculiarities, nor are they very rich in species or genera.

The CERITHID.E mostly belong to marine sub-generic types, the absence of the very
large number of POTAMIDINE, occurring in the deposits of the Alpine-Gosau formation, being
remarkably conspicuous as one of the most important differences between the two faunas.
The same applies to the MELANIIDA, their absence in Southern India being equally due to
the apparent want of brackish or fresh water deposits, so far as they are known at the present.
The TURRITELLIDE have yielded five forms identical with European ones, 7. multistriata
being probably the best known, T nerinea, nodosa, affinis and Neptuni. The rest of the
species pecaliar to the Indian deposits do not differ in ienera.l character from European types.
Of the $CALIDE three out of four are identical with European species. Of the VERMETID.E
two interesting species have been referred to a new genus Tubulostium, being very charac-
teristic for the Ootatoor beds, which are the lowest of the series. Of the LITTORINIDE, the
ocourrence of which in cretaceous rocks was always disputed, six different species have been
met with. Of the R1ssorpZ I may draw attention to two rather large species of Rissoa,
one smooth Rissoina and three species of that peculiar genus Keilostoma, differing from
Rissoina by the great thickness of the a%:rtuml margins. The NATICIDE are characterized
by the usual large number of species belonging to the genus Euspira; three genera,

aticina, Velutina and Amplostoma of the VELUTINID also deserve specially to be noticed.

When speaking of the family NERITIDE, the UMBONIIDE, TURBINIDE and TROCHID.E:
&c., T had occasion to remark that most of the recent so called sub-generic forms are already
to be found during the cretaceous period. Some of the generic types are very interesting
and new to the fauna, as, for instance, Velates; Teinostoma and Vitrinella; Oxytele,

- Gibbula, Euchelus, Cantharidus, &e.

The PLEUROTOMARIIDE are not very varied in genera, but one species of the peculiar type
tomaria (L.indica), is very common, occurring almost through all the successive groups
from the lowest to the highest ; it greatly resembles several of the European forms.

The OPISTHOBRANCHIA are also worthy of notice, being represented by 24 es ;
these belong to Actmonina (2), Acteon (6), Trockacteon (3), Bullina (g), Bullinula
(1), Avellana (4), Ringinella (1), Ringicula (2), Euptycka (3) and Cylichna (1). This un-
usually large number of species of that sub-order is the more interesting, as the recent species are
far from common shells. The genera Trockacieon, Avellana, Ringinella and Euptycha
are chiefly cretaceous forms, an therefore in comparison with the present fauna of very
great importance. Act@onina is one of the oldest genera, but I believe there are a
number of species of recent shells which ou}ght to be transferred to that genus. O}E the
DENTALIIDE, being the only representatives of the PROSOPOCEPHALA, merely four species of
the genera, Dentalium, Antale and Fustiaria (n. gen.) were recorded.

After thi;l&enera.l review of the fauna I may now enter upon the distribution of the
species in the different groups which, beginning with the lowest, are the Ootatoor, Trichi-
- nopoly and Arrialoor in the Trichinopoly district, and the Valudayur and Verdachellum
groups near Pondicherry. These last two are equivalent to the first and third named one,
respectively. Geological details respecting these groups and their fauna will be found in
Mr. H. F. Blanford’s Report in the IVth Volume of the Memoirs of the Geological Surve,
of India. The present remarks regarding the distribution of the species of Gastropoda will

therefore be very general.

The 237 species of Gastropoda, described from the cretaceous deposits of South India,
divide themselves into the different groups, thus: 113 species are peculiar to the Arrialoor
group, 59 to the Trichinopoly and 36 to the Ootatoor; 20 species are common to the
Trichinopoly and Arrialoor. groups, 4 to the Ootatoor and Trichinopoly, none, however, with
sufficient certainty to the Qotatoor and Arrialoor solely. Only five species, Fulguraria elongata,
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Ampullina bulbiformis, Gyrodes pansus, Solariellq radiatula and Leptomaria indica are
common to all the three divisions of the deposits. The Gastropodous fauna of the different groups
is therefore tolerably well defined, the distinction between the Ootatoor and the Arrialoor
groups being especiaﬁ prominent. The large number of species common to the two higher

ups is principally due to the uncertainty of the geological boundary between them. When

is point has been more satisfactorily settled, it may show that an equal distinction exists
in the Gastropodous fauna between them, as does between the two lower groups. All the species
occwrring in the Arrialoor group belong to such genera as are now commonly found
living in shallow water, while many of those of the Ootatoor groug are littoral forms,
living on rocky coasts or on coral reefs.—The fauna, as a rule, is purely marine, and there
is a remarkable absence of the POTAMIDINE, of the MELANIIDE and others which are very
characteristic for some of the beds of the Alpine cretaceous deposits. The comparison of
our rocks with those of the Alps only applies, therefore, to the purely marine fauna. The
Arrialoor beds were probably deposited over a large, very slightly undulating ground in
from 2-10 fathoms of water, but at some distance from the coast.

In point of comparison of our fauna with that of other countries I must direct attention
to the following table, giving a list of those species which are also found elsewhere :—
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Of these 30 identical species, forming very nearly one-eighth of the entire fauna, 10 species
occur in the Senonien, 12 in the Turonien, 4 in the Cenomanien (including 2 species from the
South African deposits); 1 species is common to the first and second, 1 to the second and third,
and 3 are quoted from the Gault, 2 of which, however, are also found in the Cenomanien.
Aplllhyiug these results in detail to the groups distinguished by Mr. Blanford among the
South Indian cretaceous deposits, it will be found that they do not correspond exactly.
Thus, species which in Europe occur in the Cenomanien are in India occasionally found
in the Arrialoor beds, not as would be expected in the Ootatoor beds only; and again there
are Senonien and Turonien species found in the Qotatoor as well as in the Trichinopoly
beds. As a rule most of the species from our Arrialoor beds are identical with those from
the Senonien; but there appears to be an equal difficulty experienced in India in separating
the Arrialoor and the Trichinopoly group, as is felt in Europe in distinguishing properly
between the Senonien and the Turonien. The general conclusion, therefore, derivable from
the examination of the Gastropoda regarding the a%:’ of the South Indian cretaceous
deposits is that they represent only the beds above the Gault, that is, the Cenomanien,
Turonien and Senonien.

It is possible that the Ootatoor beds represent the Cenomanien, but the number
of fossils obtained from these beds is, in one respect, comparatively as yet very small;
in other respects the boundaries between this and tge other groups may not have been suffi-
ciently worked out. It appears more justifiable to regard the Trichinopoly beds as the
representatives of the Turonien, and (as already stated) the Arrialoor as those of the
Senonien. Stratigraphically this tri-division has also great probability.

When reviewing the Cephalopoda of the same rocks (Quart. Jour., Geol. Soc., Lond.,
1865, p. 407, etc.), I have stated that the largest number of the identical species of
Cephalopoda occurs in Europe in the middle cretaceous strata and especially in the
Gault; thus I placed the lowest beds of our South Indian cretaceous rocks as equivalents
of the Gault. After having gone over the Gastropoda I found that no Gault species
were represented, and conferring with some of my friends at home on this point, Prof. Hebert
specially directed my attention to several species of the Cephalo which are strictly
speaking not typical Gault fossils. I had already occasion to mention* that the identification of
Am. Beudantty?now Am. Yama, Forb.) was found incorrect; but several other species - which
undoubtedly appear to be identical with European fossils, like Nautilus eleguns, N. sublevi:
gatus, Am. rostratus, Am. Rotomagensis, Am. Candollianus, Am. navicularis, Am.
Mantelli, Am. peramplus, Am. Timotheanus and latidorsatus, Turrilites costatus and
Bergeri and others, are such species as pass from the Gault into the Cenomanien and the Grés
werts. Prof. Hebertt is of opinion that the true Gault beds must be considered as the upper-
most group of the Neocomien or lower cretaceous series, all the beds above being included in
the upper cretaceous ‘series. There appears to be a relation of several of our species to
such Gault species as Am. Beudanti, serratus, lautus, denarius, splendens and to some
Neocomien forms, but, on the other hand, the numerous Cristati and Ligati of our rocks
are strongly marked upper cretaceous types. The fauna of the Gault is undoubtedly an
intermediate one, and possibly when the stratigraphy of the rocks has been better studied
many corrections in points of identifications, "at present doubtful, may be made. Some of
the species like Naufilus pseudo-elegans and Neocomiensis, and Am. Rouyanus and
Vellede 1 am still unable to distinguish satisfactorily from the typical Neocomien species ;
the number of these species is, however, so small that they cannot outweigh the other facts
which would place the cretaceous deposits of South India higher in the series.

Considering, therefore, that most of the so-called Gault species of our Cephalopoda are
equally common in the Cenomanien, and that the Gastropoda have not yielded any undoubted
Gault forms, I believe I am more justified in stating that the South Indian cretaceous
deposits only represent the wpper crefaceous strata, beginning with the Cenomanien. The

" larger number of reFresentative species were found to agree with the Turonien, which
is a very wide spread formation, though its limits must be considered rather different from
those given to it by d’'Orbigny. I have reason to suppose that the present statement re?ud-
ing the age of our cretaceous deposits will also %e supported gy the examination of the

* Records Geol. Surv., India, I. pt. 8, 1868, p. 85.
1 Bull. 8oc. Geol., France, 2d ser., t. XXIV, p. 323, ctc.



PT. 3.] Stoliczka, Cretaceous Gastropoda. 59

Pelecypods, especially the various Inoceramus- and H&mwite-types. Thus the original
notion of r;presentatives of Neocomien beds in South India more and more loses supgplort,
as already pointed out by me in the first volume of the “ Paleontologia Indica.”

In conclusion I should like to draw attention to a parallel of our cretaceous deposits
with those of Bohemia, Saxony, North Germany, etc.; this parallel being indeed a ve
remarkable one. Dr. Giimbel, who has lately (Sitzb. Gesellsch. Isis, Dresden, 1867, p. 72, etc.),
devoted a little time to the study of the Boﬁemian and Saxon cretaceous deposits, states that
they generally begin with a kind of fresh-water deposit containing numerous plant remsins,
a.ndy being sometimes represented by a coarse conglomerate, both filling up cavities in the
older rocks, which in many instances are metamorphic or crystalline. Immediately above
these plant beds follows the series of Quader- and Plmner-beds, the oldest of which are
characterized by Am. Mantelli, Inoceramus striatus, Ostrea biavriculata, Exogyra columba,
etc., as Cenomanien or the Upper Greensand of English Geologists; the highest beds are the
equivalents of the upper chalk with Inoceramus Cuvieri and Crispi, Rhynchonella octoplicata,
etc., or Senonien. Dr. Giimbel conseguently a.cknowledges an upper, middle and lower Plener,
which may apﬁroximately be called Senonien, Turonien and Cenomanien. Dr. Schlénbach,
in a very valuable paper, printed in the Official Report of German Naturalists, etc. (Hanover,
1865, p. 160, etc.), expressed similar opinions on the French equivalents of cretaceous beds
in Hanover. Zittel, in his admirable work on the Bivalves of the Gosau-deposits (Denksch.
Akad., Wien, XXV, 1866, part. II, p. 174, etc.,) enters upon the question of parallelism
of those deposits with others in great detail and corroborates the opinion of most of his
predecessors that they principally represent the Turonien and the Senonien. Were I to give
at this early stage of examination of the fauna an opinion regarding the parallelism of our
South Indian cretaceous rocks, I could, as I stated, only compare them with those of
North Germany (Aachen, Saxony, Hanover) and Bohemia, but it 1s impossible to say which
of our beds exactly correspond to the Cenomanien, Turonien, and so on; probably the
parallel must remain only a general one. To the Gosau-deposits our Trichinopoly and
Arrialoor beds appear to form a correlate. What characterizes the Cenomanien of our beds
are the Cephalopoda; these are, however, very scarce in the Gosau-deposits. Those lately
described by F. v. Hauer have fully the character of Cenomanien species.

There is one gt:int which deserves special attention during any subsequent examination
of the ground of the South Indian cretaceous deposits, and this is respecting the plant beds,
which underlie all the undoubted cretaceous rocks. Some time ago the Geo%ogists, engaged
in the survey of the Madras Presidency, have sent numerous plants and a large number of
bivalves, etc., from these strata in the neighbourhood of Sripermatoor. A few small Ammo-
nites belong to the Dentati grougé but they are insuiﬁcientliepreserved for identification.
Of bivalves there is a large number of species belonging to Leda, Yoldia, Tellina, Psam-
mobia, Lima, Pecten and others ; all forms with a remarkably thin shell and the allies of
which are at present usually found living on sandy ground in from 8-10 fathoms of water.
Several exhibit a resemblance to species from the cretaceous rocks of Trichinopoly, but none
appear to be specifically identical. At another locality, fragments of an Jnoceramus, which be-
long to a flattened ribbed species like I mytiloides, have been found with the same plants.
Of the plants there have been several species (Pal@ozamia Cutchensis and acutifolium,
and a Dyctyopteris?) reo?ignized ag identical with those from the Rajmahal beds and again
with those found associated with the jurassic Cutch fossils. Thus this would distinctly prove
that the South Indian plant beds below the cretaceous rocks are jurassic. I cannot express
the slightest opinion on this matter, but in pointing out the parallelism existing between the
Indian and North German cretaceous beds, the similar structure of those whitish clay plant
beds underlying, in both countries, the above formation appeared to me deserving of marked
notice. Special attention must at any subsequent examination be devoted to tracing out the
relations of those plant-bearing beds to the cretaceous beds of the Trichinopoly district.

September, 1868.
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Notes on route from PooNa to NaePUR, vid AHMEDNUGGUR, JALNA, LooNag,
YEoTMAHAL, MaNgarr and HixeunemaT, by W. T. BLANFORD, F. G. 8., &e.

Almost throughout the entire route the rock is trap.

Poona to Akmednuggur.—Leaving Poona the traps between the Moota Moola and .

Bheema rivers present but few peculiarities. They are the usual stratified amygdaloids,
more or less compact, with some bands of ashy, or of basaltic varieties. Dykes are scarce,
and very small, if they occur at all. .

The beds are nearly, if not quite, horizontal. There is an apparent very low dip to the
south-west not amounting to 1°

The hills east of Wagoolee appear to be formed of beds absolutely horizontal. Upon
their top, which is quite flat, is a plain of cotton soil, cultivated in places, which must have
resulted from decomposition of the trap.

Crossing to the north bank of the Bheema, the traps have the same low dip. The
country is an undulating plain, and the flat hills which dot it near the Bheema dxss,pﬁear
entirely further on. Cotton soil occurs everywhere; it is more sandy near the river where
there is alluvium in places.

Beyond Koondapoor the plain is traversed by streams which have cut valleys, with
steep sides and more or less flat bottoms. The whole country has very much the appearance
of a plain formed by marine denudation, through which plain the streams have cut. But
the general uniformity of the surface is doubtless due to one hard bed of trap. Where this
has been cut through by a stream, the rocks beneath are easily removed till another hard bed
is met with, and this generally forms the base of the valley. .

Over a large area the principal bed is seen to have a very low easterly dip, not nearl
amounting to 1,° at the most § to } a degree. It is a very flaggy bed. o

About a mile east of Bangungaon the beds appear to roll over and to dip at a very
low angle to the south. This is at the watershed between the Bheema and the (goor rivers.
A more rubbly bed of trap comes in decomposing into round boulders. There is an apparent
undulation in the beds hereabouts, but at such extremely low angles that the appearance
may be due to the lenticular form of beds or accidents of denudation.

Thence to the Goor at Seroor the road descends gradually, passing hills more or less
rounded in form, composed of the softer beds of the trap.

The hills immediately north-east of the Goor are much rounded and the bedding
inconspicuous : it is, however, nearly, if not quite, horizontal.

Near the 24th milestone from Ahmednuggur the road comes up upon high ground.
The beds around are well seen; and are nearly horizontal. Indeed, the apparent low dips
may be due to the lenticular form of the beds. An instance of this is seen on a hill about
one mile south of the road just where the latter attains the summit lével. One of the strata

composing the hill thins out rapidly, so that the terrace formed by its upper surface dips east,
A .

and that formed by its lower surface dips west.

Still there is here, as before, the appearance of a very low westerly dip. The country
as far as Soopa is an undulating plain with scattered rocky flat-topped hills. The traps as
usual consist of alternations of hard basaltic beds with softer ashy strata. .

From Soopa eastwards the same horizontal stratification prevails. About the 11th mile-
stone from Ahmednuggur there is an apparent low southerly dip. Thence the country
falls gradually to the broad and nearly flat valley of the Sina river. .

From Ahmednuggur the road runs north to the base of the flat-topped hills which
enclose the Sina valley. In these hills the traps appear to be perfectly horizontal. Thirteen
miles from Ahmednuggur at the Seeor Ghﬁ the road suddenly descends a scarp 500 feet
high to the nearly flat valley of the Godavery. On the side of the road towards the top
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of the scarp a fine section of traps is exposed, and the following beds are seen in descending
order. The thicknesses given are merely approximate :—

1. Compact basaltic trap weathering into rounded boulders, and divided
: by numerous in‘eﬁ;ﬂu Jjointing planes of a yellow brown colour;
thickness considerable ; upper surface not seen . e

2. Soft ashy purplish amygdaloidal trap, about ... . . 20

3. Hard crystalline compact basaltic trap, with but little jointing, con-
taining agate and quartz in parts; this bed is softer and less com-
pact, &out . .

4. Soft am, oid, containing horizontal layers of agate, and
keg: of Zgggtan} and of stilbite or heulandite. Some l?g:nels also
contain a black micaceous mineral ; none of the kernels are sur-
rounded by green earth. This bed has a thin layer of red bole
on the top: about

6. Very amygdaloidal soft grey trap, half composed of small nodules
rzf agate and zeolite all covered with greelx)l earth; surface of bed
6. Thin parting of red bole ... . W 3 or 4"t 1

7. Amygdaloid similar to 5, but containing fewer nodules, and these also
covered with green earth .. 10'to 16

8. lish very amygdaloidal bed. Kernels covered with green earth.
e rock mixed here and there with large patchesof felspar porphyry ?

From below this the section is less distinct, all the bed(; l’co d?e bottom of the Ghat being
much decompoeed at the surface: the majority are amygdaloids—felspar porph: (basalti
trap with large tabular cx;{lstals of glassy felspar) occurrymg in places. Thopbzgsygpear thi:‘:
where seen along the hill side, generally 10 to 15 feet each. The upper hard bed appears
to have preservedg the hills and given them their flat top.

For some distance below the Ghdt while traversing the gently undulating plain of the
Godavery much trap appears at the surface; beyond that distance black soil aB)ne is seen
in general, the trap only cropping out in rises here and there. This is the case throughout
asfar as the Godavery. e cotton soils appear greyish on the hifher parts of the country,
darker in the hollows, and they are much mixed with sand and salts in the neighbourhood
of the river.

On the banks of the Godavery near the villages of Moonghee and Pyton, there is a
considerable thickness of brown clay above, generally abounding in kunkur, and evidently a
river deposit. Below this is gravel, chiefly of fragments of agate and of a zeolite (apparently
natrolite). In places this gravel is united by a calcareous cement into a concrete. The
upper kunkuriferous clay is frequently obliquely laminated, the lamin dipping, as a rule,
though not invariably, down the stream. Trap rarely apm below Moongiee; above that
village, between it and Pyton, it is seen in several p! . The concrete sometimes, but
rarely, occurs in the tributary streams.

Mammalian remains in gravels, &c.—In the concrete and gravel mammalian bones are
met with, and hence, doubtless, the specimen of Elepkas (Namadicus) mentioned by
I]))r. F:&c&ne\' (Quart. Journ., Geol. Soc., Lond., Vol. XXI, p. 381, November, 1865) was
obtain

Mr. Wynne found near Moonghee a fragment of some large bone, and, iz sifx, a chipped.
:gate flake, the latter possibly of human ori%::. I found, #n situ, a molar of Bos, mgpgnd

e river sand, one or two other teeth probably washed out of the gravel. Bones spraued
to be scarce just here, however. Shales frequently occur near the top of the gravel, and
perhaps in the base of the clay ; they were not observed below, but in this neighbourhood
very few sections of the gravel are exposed.

50’

15'

* The history of this sreclmcn is not detailed bg Dr. Falconer. The cranium was found by General (at that time
Major) Twemlow, then stationed at Aurungabad, who took it to England. This must have been 30 years ago at
least. The same officer found mammalian bones in large quantities near Hingolee,
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Many of the agates in the gravel have a Eculmr dark semitransparent look, resembling
flint. Such do not elsewhere prevail amongst the varieties occurring in the traps.

Large numbers of the agates in the gravels are fractured.

In the drift wood, twigs, grass and rubbish deposited at the edge of the river, I found
the following land and fresh-water shells. The list may be useful, if the sub-recent and
pleiocene deposits be hereafter searched for comparison.

Heliz Tranquebarica, Fabr. (the Deccan variety, which is near the shell figured by Reeve
in the CI(‘)‘nc.bIcol?.' ﬁs S.Hé vitellina, Pffr.). € th M. i bling
sy atomus, Fairbank, M. 8. (a very minute species of the Macrocklamys type resembli
H. vitrinoides or o::yof the European Zonites in form).y

» crassicostata, Benson. H. fallaciosa, Fér.

Bulimus pullus* Gray, 2 or 3 varieties. B. c«znopictua,’ Hutton. B. Abyssinicus,

Riipp. (a finely costulated var. B.moussonianus?).

Pupa (or Carychium ?), sp. ’

Achatina Vagtlzlica, Benson. A. brevis, Pffr. A. balanus® Bens.

Planorbis compressus, Bens. : P. sp.* small : P. coromandelianus, Fabr.

Melania tuberculata,® Lam.

Bythinia pulckella? Bens. B. sp. (minute).

Paludina melanostoma.

Unio ceruleus P Lea, rare: U. favidena' P Bens.

Corbicula arata®P Bens.: Pisidium sp.

Those marked thus® are most abundant.

The road from Moonghee to Jalna traverses for some distance the gently undulati.nﬁ
lain, which does not end to the north abruptly in general, though at Chandalla an
ambeera a little escarpment is seen, formed by a hard bed of trap. It is apparently
perfectly horizontal. The same horizontality is seen in the range of hills near Um&ud and
on the traps around Jalna. If there be any dip it must be a very low one indeed, to south
or south-east.}

From Jalna to Loonar the traps appear horizontal. No change whatever takes
place in them near Loonar. The beg on the edge of the singular crateriform hollow are
the usual basalts and amygdaloids abounding in kernels of agate, carbonate of lime, zeolites,
&c., coated with green earth as usual. No dykes whatever were observed. Ash certainly is
met with, but it 18 the ordinary vesicular ash of the traps, full of zeolite, and such as may be
found everywhere in the Deccan. The hollow is as nearly as possible circular, rather more than
a mile in diameter. The sides nearly precipitous. A stream from a small spring which supplies
Loonar with water has cut a shallow ravine down to the lake which occupies the depression.
There is no outlet. The sides of the crater to the north and north-east are absolutely level
with the surrounding country, while to the west, south-west, south and south-east, there is a
raised rim never exceeding 100 feet in height, and frequently only 40 or 50 feet. In this low
raised rim there is no trace of distinct ash-beds or lava flows; it is unquestionably composed
of huge blocks of trap, precisely similar to those of the beds below irregularly piled together.
The types of the ordinary Deccan traps are so peculiar that their identification is easy.
The mass of materials forming the rim resembles those thrown out of an artificial hole in
everything except the size of some of the fragments.

The trap beds dip away from the edge of the hollow generally, but irregularly, and
appear to owe their dip entirely to disturbance.

There is thus a total absence of everything which in general characterizes a volcano.
And yet without volcanic action it is inconceivable that such a hollow should "have been
formed. No process of aqueous denudation can explain it. The rim, too, appears formed
from the fragments ejected from the crater. True, this rim cannot contain one thousandth
part of the material removed, but the majority was probably reduced to fine powder by
repeated ejections, scattered over the country, and removed by subsequent denudation.

4+ In Sheet 55 of the Indian Atlas, so far as it was traversed, the mapping appeared good, but the shading of the
hills is greatly exaggerated. No one would imagine by looking at it that the great scarp represented as stretching
away to the south of east from Loonar is only in ity about 100 feet high in general, and never, so far as I saw,
much over 160 feet, if it is anywhere so much. Moreover, it riscs gently and not abruptly. The country in gencrn
jscomparatively level, low fiat topped rises, and broad undulating plains, less cultivated than is the case to the
westward. No hills of any height occur.
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The hollow might be due to sinking, but in this case it is probable that the trap beds
around the rim would dip towards the hollow rather than away from it, while the rim is
simply unaccountable on such an hypothesis. It is certainly strange to find so well marked
a crater without any trace of anything ejected from it. Such a crater might just as well have
been found in sedimentary rocks.

Malcolnson’s description (Trans. Geol. Soc., London, 2nd Ser., Vol. V, p. 562), is admira-
ble in every way ; he observes well that if denudation had removed any cone formed of scoriee
and lava, the crater itself could not have preserved its form uninjured.

Dr. Carter's description, (Journal Bombay Br. Royal Asiat. Soc., Vol. V, p. 324), copied
from a manuscript by Dr. Bradley, is very incorrect. The latter found lava flows, or, as he
terms them, lavic currents proceeding from the crater, greenstone dykes and scorim. I did
not discover the two former. Scoriz I certainly found, but they came from brick-kilns.

The water has a peculiar saline taste. It is so heavy that a slight breeze does not
appear to ruffle it. It Jooks like a lake of oil. There is a slightly unpleasant smell caused by
the decay of a green scum (P conferve) which occurs on it. Malcolmson’s analysis shows
that the water contains no lime, yet there is a calcareous deposit on the rocks of - the ravine
by which water reaches the lake. The accumulation of salt must be due to the absence of
an exit. All the salts carried in by streams accumulate, the water evaporates.*®

The shore of the lake is of muddy sand. Around is a fringe of babul trees (Acacia
arabica), and beyond them tamarind and bhér (Zizypkus jujuba) and date palms. The sides
are covered with jungle.

By aneroid measurement my camp at Loonar was about 313 feet above the lake. The
rim might be in places 100 feet above my camp, so the whole depth can barely exceed 400 feet.

The salt of the lake is largely collected in the hot weather. A Parsee is said to have
paid 11,000 Rupees to Government for three years’ monopoly. The princiral use is for the
manufacture of glass bangles for women, for which purpose the salt is smelted with quartz
(ghr). The purer salt is used by washermen. ere are said to be five kinds of salt, but

ey appear to be merely varieties of the same, differing in purity and state of aggregation.t

East of Loonar Lake the traps appear to be gerfectly horizontal. One bed extends for
a considerable distance near the villages of Devilgam and Lony, and beyond the last named
village to Mudhee, and appears to be absolutely level throughout.

Towards Wakud on the Pain Gunga the beds may dip somewhat to the north; they
seem to fall somewhat from Loonar and Lony towards the river, while there is a scarp to
the south, but the dip, if it exists, is very low.

The Pain Gunga near Wakud and for many miles below is a deep sluggish stream,
with earth banks covered with grass and exposing no section at the sides. Trap occasionally
but rarely shows. Near Muslah a little gravel is cut through here and there.

From the Pain Gunga the road leads over an undulating plain, stony in places, to
Bassim, and thence to Mungrool. Between Parudee and the latter place the road for
five or six miles traverses a very stony plain, covered with trap boulders, the majority small,
not above 2 to 4 inches in diameter, and unusually well rounded, not by rolling,” but by
weathering. The bed of trap from which they are derived (by weathering), and which forms
the surface throughout, is compact, and very minutely crystalline, containing no olivine, nor
any other mineral distinct from the mass, and, so far as I observed, neither zeolite nor
agate nodules. : .

To the north this bed ends in a low scarp (not a great range, as represented on the map).
1t may consequently have a slight dip to the south, but if so, the inclination is so small as
to be imperceptible.

From Mungrool the road taken} leads east through the Woon or south-east district
of Berar. A scarp is descended about 4 miles east of Mungrool, and a second about

M l’ "l‘hls di)eo not alone, however, account for the composition of the solid contents of the water, for which see
alcolmson, 1. c.

+ Alexander, Ed. Phil. Journ., 1824, Vol. XI, p. 308: Orlebar, Proceedings of Bombay Geogr. Soc. for February,
1839, p. 85: Buist. Ed. New Phil. Jour. 65, Vol. I, New Ser., 260: Newbold, Journal Royal Asiatic Society,

1 From Mungrool I proceeded nearly duc east to Mangali, and thence north to Nagptr, X
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12 miles further on. The rocks appear perfectly horizontal, and these scarps which are not
of great height may be merely steps in the descent from the high ground, and the upper traps
of the Deccan plateau to the lower ground and inferior formations of Nag ,}nh. At the same
time it is quite possible that the traps have a low dip to the west, but if so, it is, as usual,
80 slight as to be imperceptible.

The country continues to fall beyond Dharvi towards Larkeir. A little south-east
of Larkeir the traps have a distinct low dip, about 2° to north or north-east. A similar
low northerly dip is seen about the village of ﬁoth. There are low scarps to the south, and
long slopes on the north side of the hills.

Near Kini, a few miles west of Yeotmahal, there are some small rounded hills of very
compact laterite. It is highly ferruginous, and might doubtless be used as iron ore. It is
generally concretionary in its structure (but not formed of minute concretions aggregated
together like the Bengal laterite), and covered with the usual brown glaze. Some fragmerits
show distinct stratification, and pass into ferruginous shale. The mass of the rock resembles
the laterite of Mahableshwar, and like that contains yellow or white clay in small angalar
or rounded fragments.

East of Yeotmahal other knolls of laterite occur. They are about 100 to 150 feet
high, but it is impossible to see how much consists of laterite and how much of trap. The
laterite appears to be horizontal, but only isolated caps remain. It contains small rounded
grains apparently of decomposed trap. )

Yeotmahal stands high: there is a considerable ascent to it from each side. To the
east the road continues to descend towards the Warda valley and about Kalam emerges
from low hills into a broad open plain. The traps along the sides of the hills appear horizon-
tal as usual.

There is some peculiar compact and crystalline limestone near Ralagao and Antargao,
apparently intertrappean, but so far as was observed unfossiliferous. %t.s character differed
from all other intertrappean beds seen.

The boundary of the trap at the Wurda on Malcolmson’s map (Trans. Geol. Soc., Lond.,
2nd Ser., Vol. V) is incorrect. He makes the subjacent formations extend in a great wa
to the northward and westward. Really all is trap on the Wurda to below its janction wi
the Wunna.

No intertrappeans (unless the limestone of Ralagao belongs to that formation) had been
met with throughout the Deccan or anywhere along the road until between the Wurda .
and Méngali. Near the village of Dodchi, 5§ or 6 miles east-south-east of Pohna and
to the west of the village, there is fine compact brownish-white limestone with fragmentary
fossils and occasionally perfect Melanias (M. quadrilineata?). East of the village a good
section of limestone associated with fine white and yellow shales is seen in a stream with
trap both above and below. In the underlying trap are fragments of the limestone enclosed.
The amount of trap seen below is very small, and limestone may recur beneath, otherwise the
former must be intrusive. It does not follow that the intrusion is more than local. The
shales contain ides in abundance, with fish scales and wings of insects. They dip
slightly to the northwards

In the Wunna close to its confluence with the Wurda a fossil vertebra of some large
animal was pulled up. Probably the ossiferous gravel occurs here.

Trap occurs at Chikni; thence to Samli very little rock could be observed. At Don.
gurgaon, 2 or 3 miles south of Chikni, is a low ridge of hard siliceous rock, but
whether it belongs to the gneiss series, or is one of the usual sedimentary rocks more
hardened than elsewhere, it 18 impossible to say.

At Almoodi south of Samli trap occurs, probably an outlier. At Talligaon just north
of Almoodi between Samli and Mangali close to a tank sandstones fine, hard and compact
in general, containing bands of pebbles and conglomerates in places, oocur with a north or
north-east dip (towards Mangali). The sandstones are white and grey, with specks and
patches of bright red. The pebbles in the conglomerate comprise vein quartz, quartzite,
metamorphics of various kinds, red jasper (rarely) and a somewhat sandy rock having the
appearance of silicified wood or coral. Beneath the conglomeratic beds are some fine red
argillaceous sandstones.
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From north of Samli to 200 or 300 yards north of the deserted village of MAngali
all is trap. About Samli no rock is seen, nor are any sections seen south of the trap between
Talligaon and Mangali. Coming south from the trap at the latter place the first sedimen-
tary rocks seen are fine grey quartzose sandstone, conglomeratic in places, as compact as
Vindhyan sandstone, much more so than Damudas usually are,* having a general resem-
blance to the beds at Talligaon.

Just south of these are the old quarries whence Mr. Hislop is said by the villagers to have
obtained his fossils. The rock is a very fine deep red argillaceous sandstone, shaley in parts.
Thin layers of a yellow colour are frequent, and these appear to be richer in fossils than
the reg portions. stherias (of two species apparently) abound, and some ill marked
plant-remains also occut.

The surfaces of the slabs are frequently covered with irregular pits, and appear as if
corroded by surface waters. This is curious, as argillaceous sandstone is not a rock easily
dissolved by water, yet it seems difficult to account for the corrosion otherwise.

From Méngali to Hingunghat and thence to Nagpir no rock except trap is seen.
The country is mainly an open cultivated plain, thickly covered with cotton soil, a few
scattered flat-topped hills occurring towards the south, and nearer to Nagptr some well
marked hill masses come in to the westward. The traps wherever seen are apparently
perfectly horizontal. *

On the road from Nagpir to the Wurda on the way to Oomrawatee all is trap,
perfectly horizontal to all appearance, except an inlier of Damudas near Bazargaon, (not
examined), and some isolated caps of laterite near Koondallee.

July 1866.

On the AGATE-FLAKRE found by Mr. WYNKE, in the Pleiocene (P) deposits of the
UrperR GODAVERY, by T. OLpHAM, Esq., LL. D., &ec., &c.

On the accompanying Plate (Plate 1) I have given full-sized figures of the agate-flake
referred to above (p. 61) by Mr. Blanford—Mr. Blanford here says, ¢possibly of human
origin.’ Further examination and comparison satisfied him of the true nature oiY this speci-
men. He said (Proceedings Asiatic Society, Bengal, October 1866), “ I was at first very
sceptical as to the genuineness of this flake, but a recent examination and comparison of it
witg some of the J ubbulPoor specimens have strongly inclined me to believe that it is really
of human manufacture:" and he pointed out the similarity with one of those found near

Jubbulpoor.

The flake here represented was found by Mr. A. B. Wynne while searching the banks
of the Upper Godavery for fossil bones. It was discovered just below the village of
Moongee, near Pyton. The river cliff here has a height of about 50 feet. And in a bed
of uncompacted sub-calcareous conglomerate or concrete, gravelly and containing shells of
species similar to those now living in the neighbourhood, the specimen was found imbedded.
A brief but careful search was made in the neighbourhood for other specimens, but without
success. Not more than 15 to 20 miles, however, of the river could at the time be visited.

The flake was found about 20 feet above the base of the cliff. Its general form and
character will be understood from the Plate better than from a description. It is formed
from a oomiact light coloured agate chip, which near the surface has become blackened, and in
two parts the original smooth ferruginous (rolled ?) surface of the agate mass remains. The
flake 1s rudely triangular in section, one side being flat, while between the two edges, although
not centrally, it rises on the other side into a ridge. The whole is slightly curved, and at
one end the sharp edges are curved so as to form a slight reflexion of the whole flake, givin
that end very much the form of the curved end of a carving knife for game. The other en
of the flake has a lateral extension which may have served as a means of attachment to a
handle. The sharp cutting edges are much blunted and hacked, obviously by use. The total
length oi;1 the flake is 2} inches; its breadth, which is tolerably constant for its entire length,
is v’y inch.

* This appears to be universally the casc near Nagptir. The Damudaes and Mdngali beds are much harder and
more compact than the corresponding rocks in Bengal and the Nerbudda valley. However, this remark is based
on but a slight acquaiiatance with the Nagpdr beds,
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The first notice of the discovery of this flake was given at the meeting of the Asiatic
Society of Bengal on the 6th December 1865. The specimen had not then reached me, but
Jjudging from the description I had no doubt about its character, and the matter was brought
forward as of “the highest interest.” I then said: “Many of the members of the Society
are perhaps not aware that, spreading over a large area, in the country drained by the upper
waters of the Godavery and its affluents, there is a widely-spread deposit of clays and gravels
containing remains of large mammalia, which are probably of the same kind as those which
occur in the similar gravels and clays of the Nerbudda valley, and of which the Society pos-
sesses many specimens. From these iravels and in the valley of the Godavery near Pyton, an
agate flake, bearing evident marks of having been artificially mad®, has been dug out recently
by Mr. Wynne of the Geological Survey. This is a fact of t importance, and we must
only hope that further research will tend to clear away any difficulties that now remain, and
add to the history of these interesting relics of the early inhabitants of these countries,”
(p. 207). This mportant discovery of Mr. Wynne's was alluded to by Mr. H. F. Blan-
ford in a letter quoted in the Geological Magazine (London) for February 1866 (where
Mr. Wynne’s name is erroneously printed Bynne), p. 93. And Mr. Wynne himself gave a
more detailed account of the mocﬁa of its occurrence in the same Magazine (June 1866,
p. 283). Mr. W. T. Blanford more recently (October 1866 and September 1867) has again
alluded to this discovery of Mr. Wynne's as bearing on the early appearance of man
in' India.

This question of the antiquity of man in this country long since excited much interest.
Almost the earliest speculations in which my lamented friend Hugh Falconer indulged when
the Sewalik fauna was beginning to unfold its richness to him were on this point, and he, to
the last, believed that there was good reason to suppose that several of the animals whose
remains were found imbedded in the so called miocene deposits of the Sewaliks had been
cotemporaries of man. Much more therefore would he have been prepared to admit the
validity of proof tending to establish his existence at a more recent period.

Unfortunately as yet we have no specific determination of the animal remains from the
Godavery valley excepting in one case (Elephas Namadicus). Bones of oxen, &c., have been
found, but have not been identified specifically. Still looking to the marked general resem-
blance both in mineral character and in mode of occurrence and distribution, and to the fact
of the comparative proximity of the Godavery to the Nerbudda, there can, I think, be little
doubt that these similar deposits in the two valleys are approximately of the same_ geological

From the Nerbudda valley a large number of species and of genera have been deter-
mined, and to these deposits Falconer assigned the general age of  pleiocene’ in these cautious
words, alluding at the time specially to the researches of the Geological Survey of India: “In
designating the formation as pliocene which I have during many years, I have been guided
by the indications of the mammalian fauna, as intermediate between the miocene of the
Irrawaddi, Perim Island and the Sewalik Hills, and that of the existing period” (Quarterly
Journal, Geological Society, London, XXI, p. 383). In the same masterly paper, Dr. Falconer

inted out that mo trustworthy cases of the occurrence of very ancient human bones, or
industrial objects,-have yet been established from the section of the Jumna and Ganges, but
that they may be looked for on & more careful and extended search, stating alsothat the
ancient fossil Mammalia of the Gangetic valley belong to the pliocene fauna of the Nerbudda,

* “to which also it would appear certain that the deposit of the Godavery” (from which the

.

flake now described was obtained) * also belong.”

The vastly interesting results which these researches involve have for years past been
most closely and keenly discussed in Europe and America. The antiquity of man is there
one of the most eagerly investigated questions of modern science, while in this country,
where 80 many reasons combine to indicate a greater probability of success, but little has been
done. It will be useful to quote here the eloquent words of Dr. H. Falconer on this subject.
After referring to the curious support which the discovery of the huge Colossockelys served to
give to mythological tradition, and the inference that this animal may have lived down to an
early epoch of the human period, he proceeds :

“It is not meant to be urged now, after a lapse of more than 20 years, that an
serious claim can be preferred on the speculation put forward in the passages above citedy.
But it will perhaps be admitted that the mind of the observer from whom it emanated was
then oocupied with the subject of the possibility of the remote antiquity of man in India
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on palmontological evidence. It is true that the expressed view is, that the Colossockelys
ma{ have lived down to an early epoch of the human period, and not that man had lived
back to be a contemporary of the tortoise, now proved to have been miocene. But the
two views are reciprocal ; and the form of expression selected on the occasion was that which
was least calculated to provoke ridicule, or to shock the strong prejudices on the subject
which were then dominant among educated men.* And so firmly was-not merely the
possibility, but the-probability of the case im‘pressed upon our minds, that Captain Cautley
and myself were constantly on the look-out for the turning up, in some shape or other,
of evidences of man out of the strata of the Sewalik Hills, partly from considerations
of a different order, to which I shall briefly allude.

“ The cataclysmic speculations of Cuvier and the diluvial theory of Buckland were then
exploded. The wide spread of the plains of India showed no signs of the unstratified
superficial gravels, sands, and clays, which for a long time were confidently adduced as
evidence that a great diluvial wave had suddenly passed over Europe and other continents,
overwhelming terrestrial life, and leaving the marks of its course and violent action in those
enormous deposits of transported debris. Every section along the Gangetic plain indicated
that the superficial strata there were of local origin, and the result of tranqm’g sedimentary
deposition. Viewed in the light of a strictly physical inquiry, the chief rational argument
in support of the opinion that the advent of man upon the earth dates from a very modern
epoch was first, the negative evidence in the non-occurrence of human relics, and next the
fact that taking him in conjunction with the mammals with whom he is now associated, they
appeared, as a groe?, to belong to a new order of things strikingly different from that of the
immediately prec in¥ periocf The mammoths, wool-clad rhinoceros, the cave-lions, and
spelman hysnas, the Irish elk, &c., of the European fauna were all extinct, although the
carcasses of some of them had been discovered, under favorable circumstances, in the most
perfect state of preservation. Facts of corresponding import were yielded by a glance cast
upon the latest palwontology of the American Continent. There also the huge extinct

entata, the mammoth, and the mastodon indicated a different order of life, especially from
that now existing. But in India the problem presented itself under another aspect. There
no break was visible in the tranq'uir succession of deposits, no interference of a general
oceanic submergence, followed by incoherent beds of sand and gravel, no intercalation of
glacial phenomena to disturb the previous system. The present physical order of things
-modified only by alterations of level, by upheavement and depressions—could be traced back,
in. an unbroken chain, to the ossiferous strata of the valley of the Nerbudda and of the
Sewalik Hills. Results in harmony with these indications were yielded by a retrospect cast
upon the system of organized Life. The Mastodons, the Stegodons, and the xrodon
Eﬁfphants were extinct, as were also the Sivatkerium, the Chalicotherium, the three-toed
Hipparion- Horse, the Hexaprotodon, the Mezzcopotamus, and other peculiar forms. But
they were found associated in the same Sewalik deposits with species of true Equus, of Camel
and of Giraffe, the two last being characteristic cotemporaries of man at the present time.
The pliocene fauna of the Nerbudda valley produced, along with the miocene Stegodon
insignis of the Sewalik Hills, an extinct Elephant (E. Namadicus), the dental system of which
is closely allied to that of the existing Indian species; a true Hippopotamus, and, not to
mention others, a true Taurine Ox, Bos Namadicus, and a huge Buffalo, B. (Bubalus)
(Palaindicus), which is nearly approached by the living ‘Arnee’ of the forests of Assam,
being the stock from which the domestic Buffalo of Oriental countries is supposed to have
sprung. That the actual order of the present system of life had begun during the Sewalik
period was indicated by the living Gharial Crocodile and Emys tecta being found associated
with the extinct mammalian forms. And of the latter, some, .llke Stego.dan insignis, accom-
anied by a species of Hexaprotodon, descended to the ghocene period_of the Nerbudda
gauna., to be associated wlth a true Taurine Ox and with a Buffalo which hardly appears to
differ more from the living Arnee than does the ancient Bison priscus from the living
Aurochs. Another fact chimed in with special force. An}on the four or five species of
Sewalik Quadrumana alluded to above, one was inferred by Sir Proby Cautley and myself, in
1837, to have been a large Ape, exceeding the size of the Orang-Outang, but of unknown
pril 20th, 1363), requested the opening of a sealed packet, which
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immediate affinity. This opinion wasfounded upon a canine tooth of an old animal, which
is figured and described in the Journal of the Asiatic Society of Bengal (Vol. VI, p. 359).
Five years afterwards, in 1842, I instituted a close comparison between the fossil specimen
and the corresponding tooth of three skulls of the Orang-Outang, contained in the Museum
of the Asiatic Society in Calcutta, and found that their agreement was so close that I con-
jectured that the extinct Sewalik form had been a large Ape allied to Pithecus satyrus.

“ A quadrumanous astragalus derived from the same strata approached in form and pro-
rtions so near to that of the existing Honuman Monkey, Semnopithecus entellus that the
elp of the callipers had to be put in requisition to enable us, in 1836, to discriminate them
by differences not exceeding millimétres. The distinction between the fossil and the recent
bone is hardly greater than that which might be expected to occur in any two individuals
of the living species. Here, then, was clear evidence, physical and organic, that the present
order of things had set in from a very remote period in India. Every condition was suited
to the requirements of man. The lower animals which approach him nearest in physical
structure were already numerous. The wild stocks from which he trains races to bear
his yoke in domesticity were established. Why then, in the light of a natural enquiry,
might not the human race have made its appearance at that time in the same region P
Cuvier, notwithstanding his strong bias in favor of the modern appearance of the human
race, admitted, in language which has often been overlooked in later discussions, that man
may have lived before the last great revolutions which were the subject of his disquisition :
¢ Tout porte donc & croire que l'espéce humaine n’existait point dans les pays oti se découvrent
les os fossiles, & I'epoque des révolutions qui ont enfoui ces os; car S n’y aurait eu aucune
raison pourqu’elle @chappit toute entidre & des catastrophes aussi générales, eb pour que ses
restes ne se retrouvassent pas aujourd’hui comme ceux des autres animaux ; mais je n’en
veux pas conclure que I'homme n’existait du tout avant cette époque. Il pouvait habiter
uelques contrées peu etendues, d'ot il a repeupld la terre aprés ces événements terribles,’ &c.
he valley of the Gaunges seemed to present the exceptional conditions here demanded ; it
was exempt from the protracted submergence under the ocean, the effects of which on
Europe suggested the idea of cataclysmic revolutions. I dwell upon the subject now in
the hope that, when the palzontological exploration of the Sewalik Hills and Nerbudda
valley, or of other equivalent formations, is resumed, these remarks may attract attention
in India, and that a keen look-out may be kept up for remains of the large fossil Ape above
alluded to, and for traces of man, in some form of equally remote antiquity. For it is
not under the hard conditions of the glacial period in Europe that the earliest relics of
the human race upon the globe are to be sought. Like the Esquimaux, the Tchuktshes,
and the Samoyedes on the shores of the Icy Sea at the present day, man must have
been then and there an emigrant, placed under circumstances of vigorous and uncertain
existence, unfavorable to the st le of life and to the maintenance and spread of the
species. It is rather in the great alluvial valleys of tropical or sub-tropical rivers like the
anges, the Irrawaddi, and the Nile where we may expect to detect the vestiges of his
earliest abode. It is there where the necessaries on life are produced by nature in the
greatest variety and profusion, and obtained with the smallest effort ; there where climate
exacts the least protection a.%ainst the vicissitudes of the weather; and there where the
lower animals which approach nearest to man now exist, and where their fossil remains
turn up in the greatest variety and abundance. The earliest date to which man has as yet
been traced back in Europe is probably but as yesterday, in comparison with the epoch at
which he made his appearance in more favored regions.”(a)

Years since the officers of the Geological Survey en, in Madras discovered chipped
stone-implements identical in character and form with those so generally known from the
Amiens and Sussex Gravels. These have been described by Messrs. Foote, King, Oldham, &e.,
but unfortunately there was nothing tending to determine exactly their age. They occurred
abundantly in a lateritic conglomerate, or somewhat compacted gravel, near to, or on the
surface ; others, again, more nearly approaching in character the flake now described had been
discovered in the vicinity of Jubbulpoor. These latter, as is this Moongee specimen, exactly
represent the flakes so frequently found associated with human remains in Europe, under

(). H. Falconer, Palzontological Memoirs and Notes, Vol. 11, p. 576, and . Jour, . 3
ob. Thr, ook eamer. I\ 3 P nd Quar. Jour, Geol. Soc., London
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circumstances indicating great antiquity. Unfortunately, however, very little information
was obtained regarding the mode of occurrence or the antiquity of these specimens. And
it therefore was of the highest interest to find absolutely in the bone-bearing beds of the
Godavery some 30 feet below the surface at that place, and in a bed, not of soft easil
movable silt or sand, but of hard compacted calcareous conglomerate, the flake of whicg
drawings are now given.

It is, however, as yet the only case on record of such eccurrence of works of human
art in these beds in this country. And we would earnestly seek the co-operation of those
who may be more permanently in the vicinity of these deposits to institute and maintain
a search for others. Mere casual visitors have comparatively but slight chance of. success
in such researches.

September, 1868.

The boundary of the VINDEYAN sERiEs in RasrooraNa, by H. B. MEDLICOTT, F. 6. 5.,

The strata of the Vindhyan period have long since received a prominent place in the rock
series of Hindustan. In the typical area between the Nerbudda and the Jumna, the
Geological Survey had been for some time more or less accurately acquainted with the
relation of the Vindhyans to the underlying rocks along the south-eastern and north-eastern
boundary, when, in the cold season of 1865-66, I was sent to investigate their western
extension towards the Arawali range in Rajpootana. The formation as a whole shows no
effects of disturbance ab extra. Along the entire north-eastern boundary, wherever older
rocks are exposed, the Vindhyans rest totally unconformably upon all, whether crystalline
schists or unmetamorphic strata. The junction is normal and undisturbed, being simply
exposed by denudation; and its position coincides more or less with an original limitation
of the basin of deposition. Along the south-eastern boundary there is the same total
unconformability with all underlying rocks; but here there is a margin of variable width in
which the strata are more or less intensely disturbed ; for the most part this has the character
of simple elevation outside the boundary or of depression inside it; but the junction is often
locally faulted. Here too, however, there are indications of an original limitation of the
deposits corresponding with the actual boundary ; several of the sub-groups thin out and
disappear on approaching it. Besides the feature that has been noticed in the north and
south extension of the 5indhyan groups there is an analogous feature in the east and west
distribution ; along the south boundary several of the groups are overlapped and so disappear
from east to west; thus it is only in the eastern portion of the area that we find the important
and peculiar strata which are known among us as the lower Vindhyans, and which are well
exposed throughout the entire length of the Sone valley.

- The examination of the third and western boundar%hof this area has not added anything
to our general knowledge of the Vindhyan rocks. e boundary is as sharply defined as.
elsewhere ; the groups that are seen are like their representatives 500 miles to eastwards,
with which they are continuous; and even the features of the boundary are like what
is seen in the Nerbudda valley. The lower Vindhyans do mot ap%ear anywhere along
this junction ; but the several groups of the upper Vindhyans—the Bundairs, the Rewahs
and the Kymores—are well represented. The famous old fort of Chittorgurh stands close
to the western boundary, upon a scarped hill of Bundgjr sandstone, an outlier of a plateau to
the cast; the limestone and shales of the same group being well exposed in the plains
at its base. The same beds are also well seen to the north-east, about Parsoli and at
Boondi, close to the boundary ; and at several places the lower groups crop out .along the
boundary from beneath the Bundairs. Although here, as elsewhere throughout this series,
there is a strong apparent likelihood for the deposition and preservation of fossil remains,
none have been discovered. :

To the west of Bagh the steep scarp of the Deccan trap bounding the Nerbudda valle
on the north is rather the face of a ridge than of a plateau. There is a very considerable fall
on the northern side, and the country is deeply undulating instead of formed of open plains
as at a few miles distance to the east. In the valleys and low ground about Jubbooah the
crystalline rocks are freely exposed. We here, in fact, come upon the western boundary
of the Malwa plateau. ft is a very irregular orographical feature, being purely determined
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by denudation, and it is interesting to observe its very apparent relation to the distribution
of the rocks. The river Mhye with its tributaries is the first of the streams flowing north-
ward from the south edge of the plateau which has not to encounter the resistance of the
horizontal Vindhyan strata; beneath the trap it only encounters the decomposable and
variable rocks of the metamorphic series, and erosion has gone on unchecked. After a
northernly course of many miles the Mhye bends westwards and southward into the
gulph of Cambay.

The greater part of the plateau of Malwa is formed entirely by the great Deccan trap
formation. In going northward along the table land from Indore through Rutlam, the
Vindhyans first appear at Mundesor, about 140 miles from the Nerbudda; they gradually
emerge from beneath the great expanse of trap to the east. In following a parallel course
a little to the west, along the boundary of the table land, it is seen that the non-appearance
of the Vindhyans to the south is not owing to their being concealed by the trap; for all
along the boundary the crystalline rocks immediately underlie the volcanic roc]l:); and an
examination of the Vindhyans themselves shows that their boundary at Mundesor is a feature
of very ancient date. It runs in a north-west by west line from Mundesor, and the
Vindhyans rise into small plateaus in that direction, the strata being quite horizontal. Even
on the high level signs of disturbance are traceable along the line of contact, but it is where
the strata run out along this strike into the low ground that the structure is fully seen.
Here the lower groups of the upper Vindhyans croix out with a rapidly increasing north-
easterly underlie against the crystalline rocks ; the lowest band being a conglomeritic sand-
stone. Inthe opposite direction the boundary at Mundesor strikes towards Ig oshungabad
and Burwai, the lowest point to which the Vindhyans reach in the Nerbudda valley.

About the point where the Mundesor line of boundary strikes the edge of the plateau,

the boundary makes a sudden bend of half a right angle, running due north for 40 miles,

assing about 20 miles west of Neemuch. This is the most westernly position of the

%ind.hyan boundary. With it there commences an immediate change in the character of

the contact : the margin of disturbed rocks is several miles wide, marked by flat, symmetrical,

anticlinal flexures, causing ridges along the outcrop of the sandstones with intervening
valleys on the contorted shales.

These features are well seen where the Neemuch and Oodipoor road crosses. The
actual line of junction is marked by no special feature, the contact taking place on the low
ground with the Vindhyan shales, which seem to be about equally liable to erosion as the
gneissose series. It seemed to me that the shales at the contact were those with which
the limestone is associated and which I have considered to be of the Bundair group. There
would thus be presumption in favor of a fault.

Close to Chittorgurh there is another abrupt bend in the direction of the boundary ;
from north and south 1t turns to the north-east. For some distance at least, in this new
direction, the character of the junction is the same as that last described; the Nusserabad
road north of Chittor crosses at the same level from the crushed Vindhyan shales, with
limestone, on to the friable granitic rocks. The strike of the contortions in the shales has
already become identical with the new direction of the boundary. The actual contact often
runs in a slight depression of the surface, there being no vein-stone visible or any direet
evidence for the supposed fault. Where I next examined this boundary near Parsoli, some
15 miles north-east of Chittor, although its strike and that of the strata continue steadily
to north-east, the conditions of the junction have entirely changed, having again assumed
the form noticed in the Mundesor reach. From the north-west one approaches upon
granitic and schistose rocks up to the very base of a stee&) ridge of sandstone in which the
dip is south-easterly. Beyond this ridge there is a steady longitudinal valley upon crushed
shales, without limestone; then aiain another ridge of sandstone with the same south-
easterly dip; just inside this ridge the village of Parsoli stands in an irregular open valley
formed of the shales and limestones, the plateau-hills to the south-east being formed of
the sandstone overlying the same. This is the most compact section I observed of the
three groups of the upper Vindhyans.

At about 4 miles to north-east of Parsoli the regularity of the section terminates in the
most obscure manner, involving a fresh change in the direction of the boundary and in the
strike of the rocks. At Bumunia and Singoli the sandstone ridges come to a sudden
termination along an east-west line, facing a low wide-spreading plain. The feature is
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manifestly connected immediately with structural conditions of the rocks. At the end of
the outermost ridge, that of the Kymore sandstone, I could trace a change in the dip from
the steady south-east of the ridge to east-north-east, to north-east, and to north-north-
east, there being here a little spur of sandstone tailing off to the west-north-west. Of the
middle ridge of iewah sandstone I could make nothing; at its present termination the
south-east dip is still maintained. On the undulating high ground formed by the top
band of sandstone, that of the Bundair group, the undulations which at Parsoli corresponded
with the north-east strike, are rapidly replaced towards Singoli by a north-west strike,
and the outermost ridges underlie towards the plains to the north. On the low ground
for some distance in front of all the ridges, Vindhyan shales (I cannot say of what group)
are the only beds seen; they are much crushed, but with a prevailing east-westerly strike.
On a mere cursory survey and without any map of the ground my study of the sections
;ould not be sufficiently detailed to offer any explanation of these complex stratigraphical
eatures.

From Singoli the tracing of the exact line of junction is greatly obscured by a change
in the nature of the older rocks in contact; instead of the easily distinguished granite,
gneiss and schists, the prevailing rock here is an imperfectly cleaved clay-slate, often scarcely
distinguishable from ,tie crushed Vindhyan shales. Superficially the change is indicated
by the abundant debris of quartz derived from the veins that freely traverse the slates, but
are altogether wanting in the Vindhyan rocks. The run of the boundary here would seem
to be much less regular than what we have seen to the south. Towards Boondi the
Junction is again somewhat better defined, at least locally. Boondi stands at the end of a
valley formed on an anticlinal of the Bundair group (taking the limestone associated with
the shales as a criterion of that group). The striﬁe is about 15° north of east. On the
north side of the valley is a massive ridge of quartzite sandstone, which must, at least
in part, be formed of the Bundair rock. ~The slates are found close to the north base of the
ridge. The difficulty of discriminating the series is increased in this vicinity by the occur-
renlfe olf allimestone, not markedly different from that of the Vindhyans, among what I took
to be, the slates.

The crystalline metamorphic rocks underlying the Malwa trap on the west show much
variety, and invite a closer examination than I could give. They are decidedly gneissose;
and granitoid masses are frequent. There is one strong and persistent run of a coarse
conglomerate. ~It is well exposed in the river at Tandla: the matrix, though coarsely
foliated, is rather earthy, the pebbles are often large and subangular, not always elongated
in the strike: whatever they may once have been they are row mostly granitoid. North
of Tambsera the same 13 well seen: the boulders in it are sometimes 2 and 4 feet in
diameter ; they are thinly and partially distributed in the matrix. There is a crystalline
limestone largely developed alongside the conglomerate. I also noticed some earthy graphi-
tic schists associated with it. At Talwara, 10 miles to west of Banswarra, a white
gl:'anula.r limestone is quarried to some extent. A north-westerly strike prevails throughout
these rocks.

Rocks of semi-metamorphic character were first observed north of Chittorgurh. Ribs
of quartzite tail out from a considerable group of hills to the north to within half a mile of
the Vindhyan boundary. They are associated with earthy ferruginous flaky slates or semi
schists. They are in very irregular junction with a coarse, quartzose, friable granitoid rock,
which largely prevails here in the metamorphic series ; it is quite massive and amorphous. It
is found in contact with the guartzite, and within a few yards is separated from it by many
feet of the slates; yet I noticed no case of special intrusion or any signs of contact meta-
morphism. At Gungrar the quartzites have become very massive, apparently overlying the
slates, and forming considerable hills. A limestone shows very subordinately in these slates.
I was greatly struck here by the resemblance of the lithological and stratigra{)hlcal con-
ditions to those of the slates and quartzites of the Rajgir hills in Behar. The p
of Hameergurh are formed on these slates, the northernly strike having changed to a steady
east-north-east direction ; and thus they stretch away to the east, being the same as have been
already noticed in contact with the Vindhyans from Singoli northwards.

Of rocks younger than the Vindhyans the Deccan trap is almost the only representative
within the area I refer to. At one spot about a mile south of Jabbooah, near the no_rtb
base of the great ridge of trap, there is a small remnant of the Bagh cretaceous deposits;

ains south :
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sandstone and bryozoan limestone, scarcely more than 10 feet in all, catgping a low ridge of
crystalline rocks for about a mile in length, and then itself covered by the trap. Although
I examined the base of the trap at many places in the vicinity and all along for nearly a
hundred miles to the north I found no other representative of the Bagh beds.

Of the trap itself a great variety occurs within the area I traversed. I did not notice a
single instance of intrusive trap of this age. The trap is first met with on the Great Deccan
road, at about half way between Sipri and Goonah; and from here its spread is unbroken,
save by a few projecting ridges and points of the Vindhyan sandstones, and this only in the
northern part of the area. ﬁea.r Kotra I noticed large blocks of baked sandstone weathered
out of a trap flow. I nowhere found large siliceous geodes so abundant as in the bottom flows
at the boun of the trap area. On tE: whole, porous vesicular trap highly charged with
zeolitic matter largely predominates. In the road cuttings through the hills south of Goonah
there are excellent sections exhibiting the distinct flows of rock. In several I noticed the gradual
passage, within 8 or 10 feet, from a close-grained crystalline ball trap to a highli vesicular
and earthy rock at the surface of the bed. At the base of a flow also, compact rock takes the

lace of the large spheroidal trap of the centre of the mass. In the region from Beora to
g(ehidpur a strong, dark, columnar basalt is constantly met with in the beds of the large
rivers. In the western region north of Rutlam a porphyritic basalt is common. It is the
hornstone-porphyry of Dangerfield’s description.

Intertrappean beds were noticed at many places in the north-eastern part of the area; but
always very II:)ca.l, thin and highly altered into a confused agglomeration of crystalline lime-
stone, arragonite and silica. At the village of Bugleri, 3 miles north-west of Mundesor,
I noticed at the base of a small scarp of Vindhyan sandstone a bed of breccia made up of
Vindhyan debris. Although the fragments were not water-worn the bed seemed to me to be
certainly water-laid ; and it is overlaid by trap.

Laterite of various descriptions occurs at many places. The regular, primary form of
this rock,-that so generally associated with the éreat Deccan trap formation,-is found
capping the hills south of Goonah; and, again, the plateau on which Augur stands is covered
by about 50 feet of laterite, rocky and massive at top, and soft, earthy and ochreous at base,
as is generally the case with this deposit. ,

Black cotton soil occurs frequently over large areas, but its connection with the trap
seems very indirect. I frequently observed trap decomposing into an ordinary yellow kun-
kury clay, this being overlaid, with a sharp surface of junction, by a thick layer of black soil.

August, 1866.

MzreORITES.—The Museum of the Geological Survey of India has been enriched, during
the past quarter, by a magnificent specimen of the meteorite which fell at Menow, in
Mechlenburg Strelitz, on the 7th of October, 1861 (P1862), and also by a perfect cast of the
whole mass. This mass was purchased at the time by Baron Reichenbach, and has ever
since remained almost intact in his collection. He would not have it cut, and specimens,
therefore, excepting a few of very minute size, were unknown in other collections. More
recently, Baron Reichenbach has been desirous of disposing of this splendid meteorite, and
after sometime it passed into the hands of Mr. Wm. Nevill, now of Godalming, Surrey,
whose valuable collection of meteorites i8 well known. This collection is now, I believe,
the finest private collection in the world, and it would rank very high even among the series
in Public or Government Institutions. To Mr. Nevill, I am indebted for the splendid

imen now here. It consists of about one-third of the whole mass, showing on all but
the cat and polished plane the original crusted surface of the mass. This vitrified crust
is coarser, more granular, and altogether less truly vitreous than usual. I have as yet only
had the opportunity of seeing the polished surface of the cut stone, and it is not easy to
distinguisi the structure in this way. The sp. grav. is more than 4, showing the amount
of metallic matter in the stone. But & more careful examination of it will be made.

To Mr. Nevill, I am also indebted for the extremely rare specimen of the stone which
fell at Perth, Scotland, on the 17th May, 1830. Of this fall, only one specimen was known.
This which belonged to Mr. Nevill (having been a part of the Lettsom collection purchased

-by him) was divided with the British Museum, and the fall was, therefore, only represented
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in the collections of Mr. Nevill and of the British Museum. Mr. Nevill bas now, with
singular liberality, presented his almost unique specimen to the Geological Survey collection.
The specimen is small, only weighing 6'5 grains.

In the previous number (p. 39), when noticing the addition of the specimen from
Pultusk, I had only received the early intimation of the fall, when it was supposed that
not more than three or four pieces had fallen. Subsequent research has shown that the
number of separate stones, the majority of them being perfectly crusted on all sides, exceeded
even a thousand ! ! A perfect shower of meteorites ! .

DONATIONS TO MUSEUM, &c.

A series of bones of various parts of the Solitaire (Pezophaps solitaria, Gmel.) from
-Rodriguez Island, by Edward Newton, Esq., Auditor General, Mauritius, through
Geoff. Nevill, Esq.

Specimen of Meteorite which fell at Perth, Scotland, on the 17th of May 1830, by
‘Wm. Nevill, Esq., Godalming.

Two specimens of roofing slates from Chamba quarries, by Captain J. P. Turton,
4th Goorkas.

ACCESSIONS TO LIBRARY.

FrouM 1st Jury 1868 1o 30TH SEPTEMBER 1868.

Titles of Books. Donors.
BeppoME, CapTaIN R. H.—The ferns of British India, Pt. XX, 4to., Madras, 1868.

BINNEY, WM. G., AND TRYON GEORGE, W. J.—The complete writings of Constantine
S. Rafinesque on recent and fossil Conchology, 8vo., New York,
1864. .

BoureuieNaT, M. J. R.—Etudes géo]ogictw et paleeontologique des hauts plateaux de I'Atlas
entre Boghar et Tibaret, 4to., Paris, 1868.

CATALOGUE of scientific papers, 1800-1863, compiled and published by the Royal Socie
* oprI:)don, Vol. I, A—Clu, 4to., London, 1867, ¥ K

CuypEeg, M. CH. DE.—Revue universelle des mines, de la Metallurgie, des Travaux publics,
des sciences et des arts appliques a I'Industrie, Tom. L, 6, 6,
XXIII et XXIV, Liv. 1, 2, 8vo., Paris, 1868.

DaNa, J. D.—A system of mineralogy : descriptive mineraloiy, comprising the most recent
discoveries, 5th edition, 8vo., New York, 1868. -

Davis, J. B.—Thesaurus craniorum, Catalogue of the skulls of the various races of man,
8vo., London, 1867.

DawsoN, J. W.—Acadian Geology. The geological structure, organic remains, and mineral
resources of Nova Scotia, New Brunswick, and Prince Edward
Island, 2nd edition, 8vo., London, 1868.

Dorrrus-Ausser.—Materiaux pour l'etude des glaciers, Tom. I, P. 2, 3. Roy. 8vo., Paris,
1865-68.

Dove, H. W.—Der Schweizer Fén; Nachtrag zu ¢ Eiszeit, Féhn und Scirocco,’” 8vo., Berlin,
1868.

ErDpMANN, A.—Sveriges geologiska Undersdkning, 22, 23, 24 and 25, 8vo., with maps,
Stockholm, 1867.

GERSTAECKER, DR. A.—Klassen und Ordnung};s des Thier-Reichs, wissenschaftlich dargestellt
i{‘S V8Vort und Bild., Bd. V, Lief. 6., 8vo., Leipzig and Heidclberg,
68. .
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GueMBEL, De. C. W.— ostische Beschreibung des ostbayerischen Grenz%ebirgea oder
des bayerischen und oberpfalzer Waldgebirges, Abth. II, and Atlas.
Roy. 8vo. and Roy. Fol., 1868.

Kexnaort, DB. A.—Elemente der Petrographie, zum gebrauche bei vorlesungen und zum
selbststudium, 8vo., Leipzig, 1868.

Larter, E. AxDp CrBIsTY, H.—Reliquiee Aquitanics, Pt. V, 4to., London, 1868.

Lorior P. pE, 81 CorTEAU, G.—Monographie paléontologique et géologique de 1'é
portlandien du département d 1'Yonne, 4to., Paris, 1868. tage

Lyern, Stk CHARLES.—Principles of Geology, 10th and entirely revised edition, Vol. II,
8vo., London ; 1868. -

MiLNE-EpwaeDps, A.—Recherches ann.tomitéues et paheontologi%nes pour servir a I'histoire
des oiseaux fossiles de la France, Liv. 18, 19, 20, 21, 22, 4to, Paris,
1867.

ScHRAUF, DR. ALB.—Lehrbuch der Physikalischen Mineralogie, Bd. II, 8vo., Wien, 1868.
PERIODICALS.

Ain I Akbari, (Bibliotheca Indica, New Seﬁes, 141,) Fas. VL. GovrT. oF INDIA.
American Journal of Coggl;oé%gy, Vol. III, Pt. 4, 1867, and Vol. IV, Pt. 1, 1868, 8vo. Phil.
1867-68.

American Journal of Science and Arts, Vol. XLV, Nos. 134, and 135, 8vo., New Haven, 1868.

Annales des Mines, Series VI, Tom. XII, Liv. 6, Tom. XIII, 1, 8vo., Paris, 1867.
L’ApMINISTR. DES MINES.

Annals and Magazine of Natural History, 4th Series. Vol. I, No. 6, Vol. II, 7.8, 8vo.,
London, 1868.

Engineers’ Journal, Vol. XI, Nos. 7, 8, 9, 4to., Calcutta, 1868.

Geological Magazine, Vol. V, Nos. 6, 7, 8, 8vo., London, 1868.

Indian Annals of Medical Science, XXIV, 8vo., Calcutta, 1868. Tae Epitor.
Journal de Conchyliologie, 3rd Ser., Tom. VIII, No. 3, 8vo., Paris, 1868.

Journal of Travel and Natural History, edited by A. Murray, Esq.,, Vol. I, Nos. 1—4,
8vo., London, 1868.

Neues Jahrbuch fiir Mineralogie Geologie und Pal®ontologie, Hft. 3, 4, 1868, 8vo.,.
Stuttgart, 1868.

Petermann, Geographische Mittheilungen, Nos. 5—86, 1868, 4to., Gotha, 1868.
Ditto Supplement, XXIII.

Professional Papers on Indian Engineering, Vol. V, No. 20, 8vo., Roorkee, 1868.

Masor J. G. MEDLEY, R. E.
Quarterly Journal of Microscopical Science, New Ser., No. XXXI, 8vo., London, 1868.
Quarterly Journal of Science, Vol. V, No. XIX, 8vo., London, 1868.

GOVERNMENT SELECTIONS, &C.

BeN@AL.—Principal heads of the History and Statistics of the Dacca Division.
' BeNeAL GOVERNMENT.
” Annaial Report of the Insane Asylums in Bengal for the year 1867, by W. A.
Green. BEeNGAL GOVERNMENT.
» Report on the Jails of the Lower Provinces of the Bengal Presidency for the
year 1868, by F. J. Mouat. %BNGAL GOVERNMENT.

" General Report on the Topographical Survey of the Bengal Presidency for 1866-67,
by Col. H. L. Thuillier. SURVEYOR GENL. oF INDIA.
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BeNaGaL.—Geographical and Statistical Report of the Districts of Jessore, Furreedpore, and

Backergunge, by Col. J. E. Gastrell.
il Dy. SURVEYOR GENL. OF INDIA.

BoMBaY.—Papers relative to the Revision of the Assessment of the Indapoor Talooka
in the Poona Collectorate, with Map and Diagram. New Series,
No. CVIIL. BoMBAY GOVERNMENT.

Inpia.—Report on Judicial and Revenue Administration of Coorg for the year 1866-67.
GOVERNMENT oF INDIA.
Police Report British Burmah, 1867. Extract from the Proceedings of the Chief
Commissioner in the Home Department, No. 209. Drrro.
NorTH-WEsT ProvINCES.—Selections from the Records of Government, North-Western
Provinces. 2nd Series, Pt. 1. Tea Plantations, Vaccination, Benares
College, &c. &c. Govr., N. W, PROVINCES.

OupH.—Annual Report for the year 1867, on the Condition and Management of the Jails
in Oudh. CHI1EF CoMMBE. oF OUDH.

Annual Report of the Administration of the Province of Oudh, for the year 181(;7-68.
1TTO.

»  Report on the Police Administration of OQudh for the year 1867. Drrro.

PuxsaB.—Report of the Lahore Medical School Hospital, for the year 1867.
Govr. or Punyas.

” Report of the Lahore Medical School, for the year ending 31st March 1868.
: GovT. oF PUNJaAB.

Report of the Inspector General of Prisons in the Punjab, for the year 1867.
GovT. oF PUNJaAB.

RoorkER.—Report of the Annual Examination of the Thomason Civil Engineering College,
August 1868. Fol. Roorkee, 1868, Masor J. G. MEDLEY, RB. E.

”

»

”

TRANSACTIONS OF SOCIETIES, &C.

BerLIN.—Zeitschrift der deutschen Geologischen Gesellscheft, Bd. XX, Hft. I., 8vo, Berlin,
1868. THE SoCIETY.

BoxN.—Verhandlungen des naturhistorischen Vereines der Preussischen Rheinlande, und
Westphilens, XXIII, Fol. III, 3, and XXIV, III, 4. 8vo. Bonn.
1866-67. :

Carcurra.—Journal of the Asiatic Society of Bengal, New Series, Vol. XXXVIII, Pt. I,
No. 1, Pt. II, Nos. 2, 3, 8vo., Calcutta, 1868. THE SOCIETY.

Catalogue of Reptiles, by W. Theobald, Esq., No. 146, extra number.
THE SocIETY.

Proceedings of the Asiatic Society of Bengal, Nos. 7, 8, 1868. THE SoCIETY.
Journal of the Agricultural and Horticultural Society of India, New Series,
Vol. I, Pt. 2, 8vo., Calcutta, 1868. THE SocIETY.
CorLoMBo.—Journal of the Ceylon Branch of the Royal Asiatic Society for 1846, Vol. II,

No. 1—3, 1863-65, and 1868-66, 8vo., Colombo.
H. NeviLi, Esq, c. 8., CEYLON.

DEEsDEN.—Sitzungsberichte der naturwissenschaftlichen Gesellschaft, Is1s, in Dresden,
Jahr., 1868, Nos. 1—3, January to March, 8vo., Dresden, 1848.

”

”

”

THE SocIETY.
LavsanNE.—Bulletin de la Société Vaudoise des Sciences naturelles, Vol. IX, No. 68, 8vo.,
Lausanne, 1868. : TaE SocIETY.

LoNDON.—Journal of the Society of Arts and of the Institutions in Union, Vol. XVI,
Nos. 808—819. London, 1863. TaE SocIETY.
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LoxDoN.—Smith, W. W., Address delivered at the Anniversary Meeting of the Geological
Society of London, on the 21st of February 1868, 8vo., London.
THE AUTHOR.
' Journal of the Royal Asiatic Society of Great Britain and Ireland, New Series,
Vol. I1I, P, 1, 8vo., London, 1867. THE SocIETY.
» Proceedings of the Royal Bociety, Vol. XVI, Nos. 101, 102, 108, 8vo., London,
1868. TaE Socrery.
” Proceedings of the Royal Geographical Society, Vol. XII, Nos. 2, 3.
Address at the Anniversary Meeting of the Royal Geographical Society,
Vol. XII, No. 1V, 8vo., London, 1868. THE SocIETY.
’ Report of the 37th Meeting of the British Association for the Advancement of
Science. Dundee, September 1867, 8vo., London, 1868.
MiraN.—Atti della Societa Italiana di Scienze Naturali, Vol. X, Fascl. III, 1867, 8vo., Milan.
NEwcASTLE-ON-TYNE.—Natural History Transactions of Northumberland and Durham,
Vol. 11, 8vo., London, 1868.

Pagis.—Bulletin de la Société Geologique de France, Tom. XXIV, Ser. II, p. 721 to end,
8vo., Paris, 1866-67.

PHILADELPHIA.—Journal of the Franklin Institute, Vol. LV, Nos. 4, 5, 8vo., Phil., 1868.
THE INSTITUTE.

» Journal of the Academy of Natural Sciences of Philadelphia, New Series,
Vol. VI, Pt. 2, 4to., Phil., 1867. THE ACADEMY.
» Proceedings of Academy of Natural Science of Philadelphia, Nos. 1—4,
8vo., Phil., 1867. THE ACADEMY.

St. Lovuis.—Transactions of the Academy of Sciences of St. Louis, Vol. II, No. 2, 8vo.,
. St. Louis, 1866. .
St. PerERSBURG.—Bulletin de I'académie impériale des Sciences de St. Petersburg, Tom. XII,
: No. 5, 4to., St. Petersburg, 1868.
ToroNTo.—Canadian Journal of Industry, Science, and Arts, New Series, No. LXVI, 8vo.,
Toronto, 1867. THE INSTITUTE.

Maps.

Fleetz Karte des Niederrheinisch-Westfelischen Steinkohlenbeckens. Sections Sprockhével,
Vollmarstein, Kettwig, Langenberg, Langschede, Mintard. Folio,
1868. .

Haves, FraNz, r. v.—Geologische Uebersichtskarte der Oesterreichischen Monarchie
nach den Aufnahmen der k. k. Geologischen Reichsanstalt, BI.
No. VI, with description, Large Fol. and Royal 8vo., Wien, 1868.
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THE VALLEY OF THE PooRNA Bi1vir, West Berar; by A. B. WinNE, Esq, F. 6. 8, &c.

The Poorna valley between longitudes 76° and 78° east, is traversed by the 21st
parallel of north latitude. It is about 124 miles in length from its upper or eastern end
to where it passes into the larger valley of the Taptee ; the main directions of both diverging
at first s0 as to include an angle of about 50,° but afterwards becoming more nearly parallel
or east and west. The width of the valley may be roughly estimated at from 30 to 40 miles
on an average, but is in places greater.

Its boundaries are—on the south, the range of the Adjunta ghits,—an abrupt scarp of
the Deccan ‘flabean produced, and gradually becoming less marked, to the eastward—some
hilly and undulating ground forming the watershed in that direction between the Poorna-
and Wurdah valleys; and on the north, the lofty bold and varied escarpments of the Gawil-
ghur range, which carry a high crest westwards near to where the Poorna river runs into
the Taptee, the termination of the mountain range here sinking with some rapidity, though
not being by any means abrupt. ’

The southern ranges pass imperceptibly into the usual steppe character of the Deccan,
while the mountains on the north are a complex mass or group with a generally east and
west extension, and such summit elevations as 3,595, 3,778, and 3,975 feet, declining gradually
northward into the valley of the (upper) Taptee.*

. These Gawilghur mountains are intersected by steep glens and wider valleys, sometimes
presenting nearly vertical precipices of great but unmeasured height which may in places
peach 1,000 to 1,200 feet. The glens and ravines wind intricately among the mountains,
affording some very fine scenery, and as their streams seldom retain water for any considerable
time, the wildness of this is increased by solitude. :

The valley of the Poorna possesses but little variety of geological interest and is prin-
dipally distinguished by monotonous repetitions of features observable in crossing the Deccan
from the seaward to this localitr, where each hill and ghit and undulating slope or plain
exhibits similar kinds of nearly horizontal flows of gray amygdaloidal trap, with here and
there a bed of harder texture of columnar structure, or of bright red bole, or alternations of
these ; the traps sometimes containing numerous zeolites.

In the river valleys, and where superficial rain-wash’ has accumulated, a light brown
‘kunkury’ alluvium is associated with calcareous sub-recent conglomerate below and black
cotton soil above, one being quite as occasional and accidental as the other, the conglomerate
or concrete being perhaps the most persistent along the river courses, the brown alluvium
or (P) “ soda soil”} more universal and the cotton soil occurring, subject only to the rule that
it is always uppermost. ’

Upon descending the escarpment of the Deccan into the valley of the Poorna its alluvial
Eln.ix_l is entered, often at no great distance from the ghat, and stretching away as far as can

e seen; only clear days permitting some of the nearest mountains upon the opposite side

* These heights are taken from a small photograph copy of & map of Gangra by J. Mulhersn, Esq.
1 This effl ing brown alluvium is sidered by Mr. Blanford different from the “ sods soil” of Madras. .
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to become visible. Heights not being Fiven upon the best maps obtainable, the elevation of
tbis plain and its bounfary ranges could not be ascertained even agproximately in the absence
of & barometer—which is to be regretted, as the main watershed of India separates the
sources of the Poorna from those of the Wurdah, the water of the former being disch
eventually at Surat whilst those of the Wurdah are tributary to the Godaveri, which
enters the sea below Rajahmundry on the opposite side of the peninsula.

The alluvium of this great plain, although of very considerable depth and occupying
so large an area, is as completely isolated from that of the neighbouring rivers as such a
deposit can be said to be. A section crossing the valley from the Adjunta ghéts, by Edula-
bad across the Poorna river, to the western termination of the Gawilghur range, would show
the ordinary trap of the Deccan, forming the high ground at either end, and an undulating
country between, which viewed from above or from a distance has a plain-like aspect, but
frequently exposes the rocks of which it is formed ; oonsisting of the usual traps, here and
there covered only by slight detrital accumulations of the same kinds as those of the Deccan.
Except on the very banks of the Poorna no considerable quantity of alluvial matter would
be found, and this does not extend far from the river at either side. North and south through
Mulkapoor a different section would be obtained. Here a wide space, chiefly on the south
side of the Poorna, is occupied by fine brown calcareous alluvimmn with ‘kunkur’ and is
connected by a narrow neck, at Peeprala, with the great alluvial deposit of this valley which
in thickness may exceed 150 feet; and nothing else, save varieties o?othis, is to be seen in or
near the river from Dadulgaon onits south bank eastwards up the stream nearly to the
“ sungum” or junction of the Phairlee river, which enters the Poorna near Kowsa, if we
except two or three small exposures of trap in its bed near Peeprala Pulsoad and about
three miles west of Burra Golagaon. The Poorna changes its course from the N. N. E.
.at the junction of the above-named tributary, and thence takes a westerly direction :—the
alluvium on its south side seldom extending beyond an average of ten miles from the river
and nearly coinciding along its southern boundary with the Nagpoor extension of the Great
Indian Peninsula Railway—while on the north it reaches nearly to the base of the moun-
tains. On the east its rather arbitrary. and more or less indefinite boundary closely
approaches the watershed east of Ellichpcor and bending southward traverses undulating
country eventually reaching the flanks of the hills near Oomrawuttee *

All round the margin of this alluvial tract is a belt of country that might or might
not with {mopriety be included within it, although the surface deposits there do not conceal
the under Iy:ing rock, the exposure of which was taken as the chief guide in determinin
the line of boundary. On the north and east, this tract of country is very stony, thongg
nothingl resembling an old beach is seen, and it may be supposed that streams descending
from the mountains and hills have frequently travelled across this space, their courses sub-
ject to lateral deviation, covering the whole of 1t with the coarser fragments brought down

y floods at a time perhaps when the water of a lake or the sea, occupied the basin of the
finer alluvium and arrested the boulder-bearing velocity of these mountain streams.t

In every part of the alluvium calcareous conglomerate or concrete is of common
oocurrence. It occasionally contains fragments of bone or fossil teeth of ruminants, but
although sought for, no large accumulation nor even a large fragment of these fossils, was
observed. Yet enough was seen to show an identity of the corl:§itions under which these
deposits and those of the Nerbudda valley were formed. This sub-recent conglomemt:ﬁ
is very frequent in the stony tract above mentioned. It was everywhere searched for work
flints but without success, although one flake was found in a quite similar deposit, forming
the ﬂx;ight_ bank of the Godaveri at Pyton in the Deccan, at a considerable l(;ista.nce to the
south.

. Small land shells are not uncommon in the allavium, some were preserved and trans-
mitted to Calcutta, but in %enelzal they were too fragile for removal. They appeared to
belong to existing species. Specimens of Melania tuberculata ; Paludina Bengalensis;

Bithwmia pulchella ; Lymnea—; Planorbis—; Unio (?) favidens: U.—? have been
recognized.

* Pronounced Oom’'rowtee. -

+ At one place in the stream nesr Dhanapoor the ston: unite ‘
alternations of coarse and fine strata two feet or mn thicknelz. margin seemed to with the finer allavium by

$ The native name for this ‘ concrete’ is “ Karruk.”
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A deposit of varying thickness (within three feet) and but small lateral extent, consist-
ing of fine dazzlingly white sand finely laminated occurs in the alluvial bank of the Poorna
at Paruth. It appears to be com of comminuted or disintegrated crystals of felspars
with & small admixture of clay. It did not appear to be formed of or to contain minute
organisms, such as foraminifera, and was not elsewhere observed.

Much of this Poorna alluvium produces efflorescences of salts, of soda chiefly, and in
many places the wells sunk in it are brackish or salt. Over a wide tract on each side of the
Poorna river, north of Akola and thence eastward towards Oomrawuttee, wells are
specially sunk for obtaining common salt from highly saturated brine.

Some of these salt wells near Dyhunda in the lands of Gunoree are from 120 to 180
feet in depth or probably more. They are sunk through yellow clay, then redder clay, and
below this a coarse sand or fine gravel from which tie water issues with great force. They
are lined with wicker work in order to preserve the pottery vessels, in which the water is
raised by hand, from breakage. The crystals of the salt are small and it is rather dirty, but
during the “dhiip kAla” or hot season, it can be obtained whiter. The wells are numerous
over the tract north of the river and some also occur to the south.

That the alluvium of the valley is of considerable depth may be perhaps inferred from
the absence of numerous exposures of rock, as well as from the depth of nullahs and height
of the river cliffs. 'I'he conglomerate, as usual, occurs in its lower portions, but was observed
in some places west of Patulla at different heights in the sections exposed. Its constant or
frequent occurrence beneath the rest of the alluvium would not prove its being contem-
poraneous in all places, as the trap rocks, upon which these deposits lie, cannot be presumed
to have had a surfaco sufficiently even to have permitted this.

Whether the whole of this alluvium was deposited in a lake, or by the river travelling
from side to side of the valley under other conditions than at present obtain, does not appear. A
former estuarine state of things may be indicated by the salt-bearing gravels, or a large
salt lake, but the even though interrupted surface of the alluvium is against the probability of
its having been depositedi the Poorna under present conditions; while want of informa-
tion as to the relative levels, obscures the possibility of determining whether the rocky
country about Edulabad ma{ not have formed a natural bund flooding the country occupied
by the alluvium; certainly the stream through most of this is sluggish, but it seems to be
a rather strong assumption, that no greater fall than the height of the river banks whero
it enters this rocky tract—perhaps on an average not more than 30 feet—takes place within

eat a distance as extends between this and the upper end of the alluvium, about or

80
8. W of Qomrawuttee.

Good water is scarce in this district, in some places shallow ‘jhieries™ alone can be
depended upon for a su ply, the wells being brackish and even the river gravels furnishing
brackish water if pierced to any considerable depth. A succession of dry years seems to
have greatly reduced the usual supplies of water, and very many of the villages among the
hills to the north are deserted, it is said, because the streams which supplied At%)em formerly
do not now furnish sufficient water. Not improbably the diminution in the supply has been
caused by the wholesale cutting down of the jungles which covered the country fore the
period of the English Raj.t

The hills and portion of the valley south of the Poorna river have been stated to consist
of trap similar to that of the Deccan ; all the usual varieties of amygdaloid, zevlitic,
columnar, hard, gray, and softer, a.shrlooking traps occur, their stratification being very
perceptible, and always nearly horizontal.

 This name is applied to small excavations in the sandy bed of a river reaching the water which trickles
beneath the surface, and thus becomes naturally filtered.

+ Want of water is much eonaplolned of at Chikulda. There seems $o be mo reason why the platean to the
east of the bungalows should not af ord a sufficient catchment basin for the stati As the trapp strata of tda
hill dip N. by W. at &’, if wells wero sunk, the north side of the plateau would be the position to choose with most
prob.bgmy of success. Near the b lows however the ﬁ)lntean. if such it can be called, is very narrow, and affords
s much smaller catchment area, ﬁo even hero tho hill must contain strata which retain water as it issues from the
rocky beds of nullahs, and one we immediately beneath the morthern edge of the plateau, and at a conalderable
briggt upon the mountain side, is stated never to go dry.
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About the Gawilghur range on the north there is a constant dip at low angles in that
direction, the lower part of the range being chiefly composed of amygdaloid and soft traps;
‘and hard bassltic beds occurring in greatest quantity among the higher parts of the hills,
where such bands mag be seen to course along the sides of cliffs and mountains for several
miles ; acagping of the harder trap remaining here and there on top of an isolated peak or

hill, while lower elevations around have less angular and more flowing outlines, being formed
of the softer varieties of the trap.

... Occasionally along the base of this range, the beds have been thrown into wide curves
with very gentle inclinations, their axes dipping but slightly to the northward.

. Intertrappean beds are said to occur among the Gawilghur hills ; they were only detected
in one place, and consisted of hard chert enclosing numerous shells : but though near, this is
not properly speaking within the Poorna valley.

Perhaps the most interesting geological feature of this country is the occurrence of a
great fault, with a down-throw to the south, which may be very considerable, as it shifts the
trap downwards for some two or three hundred feet visible, added to an unknown thickness
of the trap which is buried by it, so that trap, of what exact horizon cannot be stated, is
brought against the underlying Mahadeva or Bagh (Tanda)* sandstones. This fault crosses
the country in an east and west direction, close to the foot of the Gawilghur range north of
Ellichpoor, where the abrupt southern scarp of the range shows these sandstones, occupying
the interiors of open curves in the trap like those just now mentioned. - The difference of
inclination between the sandstone and the traps is but slight, so that their unconformity is, as
usual, not very strongly apparent, though it nevertheless exists; the line of contact where the
overlying traps rest upon the sandstone, is frequently difficult to see when close by it, though
from a distance the difference of coloring and the bold projections of the sandstone outer:
mark it well. The sandstones are chiefly soft or coarse white and even-grained rock, whic
would doubtless make a good building stone. A large mass of these occurs in the lower
portion of the group exposed ; above them are conglomerates, other sandstones of similar kind,
purple and black shales and flagstones, variegated and white flagstones and shales, and then
solid gray limestone with silicious or cherty nodules of peculiarly rugged aspect; these lime-
stones in some places becoming so variegated as to form what if poﬁghed would doubtless be
a handsome marble.

In this group of Mahadeva or BiAgh beds dips to the north of 10° and 16°, with others
-more nearly horizontal, may be sometimes seen ; these becoming less as the sandstones finally
disappear beneath the Gawilghur traps to the north of the cantonments of Ellichpoor. In
the river at Nurrha, north-east of the latter place, the section is somewhat unusual. The
ground here seems to have been intensely faulted, and instead of leaving the trap and passing
over the fault on to sandstone at the base of the hills, trap is again found north of the
general line of fault ; then occur several large dykes of another intrusive trap different from
that usually met with, between which are masses of the limestone, sometimes resting upon
a conglomerate, and tilted in various directions at angles of 35° and 50.° Beyond this
disturbed locality the next rock seen is sandstone, horizontal for some distance but soon
overlaid and covered up from view by the unconformable trap.

In the rtion of the Mahadeva or Bigh group, impressions of large plants
have been o{)l:grgv{dl,)oand in the shales and some of the limestones numerous small \m?v&lve
shells.

Fossils were known to have occurred north of Ellichpoor, as mentioned by Dr. Bradley.
These sandstcnes were known to the late Rev. Mr. Hislop, but seem to have been erroneously
considered inter-trappean. Lithologically they frequently recalled the appearance of the
sub-trappean cretaceous rocks of Bigh-Tanda and Rajpoor along the Hutnee river, &c.,
in the valley of the Nerbudda, and it was a disappointment not to find the same, or the
same quantity of fossiliferous evidence here, the %eds in both places being possibly, or
probably, of the same age.

Laterite occurs on the new road from Ellichpoor to Qomrawuttee at a place called
‘Bulgaon or Burgow, about six miles from the latter citg. It is more Rroperl a lateritic
. conglomerate of small pebbles cemented together by iron oxides. It lies horizontally, and has

(¥

. BAgix-’Imda i- the name generally used by people when speaking of Bigh at a distance therefrom.
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much the appearance of a re-composed rock, in many places quite incoherent, harder at the
top and outsides than internally, and the pebbles are all red, bright purple or ferruginous,
zl:zed outside and not recognizable as derived from any of the traps of the country, unless

m their resemblance they might be taken to have come from one of the beds of red
bole, which are not very uncommon ; but then there is no reason why if so derived they
should not be intermixed with other trap pebbles. This has all the appearance of a local
deposit, does not crop out in some natural excavations near at the same level, and appa-
rently passes away underneath the cotton soil, but being horizontal or nearly so shows
for a considerable distance along a sluggish stream which occurs here, occasionally vary-
ing in structure so as to become a mottled white and purple rock of some strength.

In one place on the bank of this stream a little cliff shows the incoherent gravel
resting upon a soft ferruginous bed, about 9 feet thick, with some lines like those of
deposition. Beneath this are 5 or 6 feet of greenish-gray trappean mudstone, very splinte
and breaking up into cubical forms so much that it is nearly impossible to obtain a fresh
fracture ; some 1inu'der parts seem calcareous, and have a fracture resembling that of compact
limestone. The laterite may be traced for more than a mile in an east and west direction.
Near Budja Kaira, on the larger river here, strong vesicular laterite undulates about
horizontally, but does not continue down the stream.

Again at Reethpoor lying to the eastward from Qomrawuttee, there is a quantity
of laterite in low swelling undulations—with the usual appearance of lateritic ground, &
ferruginous more or less smooth surface and occasional hard projecting knobs, but no good
sections of the rock.

At Chickulda (the hill station on top of the Gawilghur range frequented by people
from Ellichpoor), the plateau upon which it stands and the surrounding summits have a
strongly lateritic appearance such as may be seen at Matheran and other summits of the
Western Ghats.

These indications of laterite, occurring as they do in situations where the uppermost
beds of the trap series might be supposed to occur, may indicate a similar or nearly the same
lateritic horizon, which is known to occur among the uppermost, if not actually on the top
of, the Deccan traps along the Western Ghts. Otherwise they may be referrible to zones
of ferruginous strata more specially lateritic than the layers of red boley trap referred to as
occurring in this neighbourhood and on the Deccan plateau ; but their limited development
and isolated character hardly afford sufficient grounds to reason upon with much probability
of arriving at trustworthy conclusions.

The cotton soil or black soil of the Poorna valley, although common enough, as is usual
in these trappean districts, has no geological peculiarity here requiring attention. To its
development, however, and the fertile nature of soils derived from the trap may be traced
doubtless the name which this country has obtained as a cotton-producing district.

On the Kuppirax and KurNoor FoRMATIONS: by W. Kixng, Junr,, B. A.

The rocks forming the greater parts of the Kuddapah and Kurnool districts in the
Madras Presidency have been long known through previous explorers under the names of
“ Diamond Sandstone,” “Clay-slate Formation,” &c. They extend over such an immense
area, and are fourid to be so complex in their stratigraphy and so diversified in their rela-
tions, particularly among the lower and older groups, that their systematic survey is not
yet quite completed, though some years have already beéen spent in their examination. Suf-
ficient, however, is now known of them to warrant the giving a short sketch of this interest-
ing series of rocks.

The series consists of great thicknesses of quartzites (altered sandstones), slates, trap-
flows and their associates, and limestones ; and &sese are found to constitute two (if not
more) great and distinct formations. To the older, being so typically and largely exhibited
in the Kuddapah district,* the name KupDAPAER FORMATION been assigned ; while the
newer KUvrNooL ForMaTION derives its appellation from the adjoining district over which
it is 8o very well seen.

* Kuddapah town iteelf is on shales and limestenes of one of the groups in the newer formation.
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The area of these rocks, from the Kistnah river down to Naggery Nose,#* théir
southernmost extremity, is about 13,500 square miles. The greatest thickness of each for-
mation, as at present known, is: —Ku=NooLs, 1,200 feet ; Kupparans, 21,000 feet.

The most interesting ‘feature about these formations is that they are most Erobably
representatives of the great VINDHYAN series of Indian rocks. This conclusion has been
arrived at from careful comparisons of typical rock-specimens from either series, and of the
recorded observations made during the surveys of each. The VINDHYAKRS have now been
traced as far south as the Godavery river, where it traverses the district bearing its name;
and here they are so lithologically and stratigraphically like the Kupparans and Kur~ooLs
on the Kistnah river, not very far south, that there hardly remains a doubt as to the identity
of the one with the other.

The history of the Kubpapams is still to be thoroughly worked out; and on this
account, the present sketch will be more directly confined to a description of the KurnNoors.
There are, however, some well-marked and clearly made out features of the Kupparans
which may in the mean time be adverted to.

Both formations agree in this, that they are largely made up of buartzites. while
limestones are sparingly developed in one and extensively in the other; but the Kupparaus
are distinct in showing strong groups of clay-slates, with one of which it may be necessary
eventually to include the trap-flows and their associates referred to above.

Supposing at present that all the quartzites, slates, &c., not included in the following
description of the KurNoors, may be considered as of the KuDDAPAHR FORMATION,
it is then possible to give an idea of their locality in the great area of country occupied
by this formation.

The Goolcheroo hill-ranges south of Kuddapah, and their extension south-eastward
down to Triputty and the Naggery hills, are made up of quartzite sandstones and conglo-
merates ; while rocks of the same kind with bands of slate go to form the long range of the
Eastern Ghats or Yellacondas lying between the Kuddapah and Nellore districts. The
country south-east of Kuddapah, that is Ontamitta, Chitwail, Poolumpet, &e.,
within these mountain ranges, and that due north of it:—Nullamullays, Budwail and
Cumbum, up to the Kistnah river, are also made up of like rocks of the same formation.
The Gundicottah range of hills, north-west of Kuddapah, is likewise of these old

uartzites, and the parallel ridges and valleys between that range and the Bellary district to
e west, with their extensions right up to Jaggarnat-Conda (hill), a few miles south of
Kurnool, are of quartzites, slates and traps.

These older rocks are interesting as being traversed, at rare intervals, by veins and
strings of copper and lead ores, accounts of which have from time to time been given by
writers on the resources of Kurnool and Kuddapah. Copper ore occurs very sparingly ; in
fact, there are only traces of it, but the sulphide of lead is more abuudant. TEe workings
for both were abandoned years ago; a state of things perhaps due to the difficulties
in the way of living at, and working the mines, rather than to a failure in the ore.
t'll‘lrwd: of tt:ese ores are also known in the older crystallines or gneiss, of the remainder of

e districts.

With such a brief account of what is at present known of them, the KuppaPaHS may
be left for future description.

KuryooLs. :

This formation unfolds iteelf as a double series of groups of limestones and quartzites ;
the lowest beds of all being quartzites, as thus, in descending order :—

8. Calcareous shales.

1. Limestone group ... ... b. Limestones.

 Quartzitegrowp .. ..{5 Pinacled bedu

3. Limestono group ... ...{ 3 Jlom.calcarsous shalee-

4 GQuartaitogromp ... .. {} Bods (eoniaining dismend gangus).

* A peak of the Naggery range, about 40 miles W. N, W. of Madras.
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These four groups are quite distinct, though conformable; they generally overlap each
other in some part of the field, and they lie, for the most part, very much as they were
originally deposited, viz., in great flat basins with edges slightly turned up®* or in very flat
ungulations, from which, however, the upper limestones are always denuded, leaving the
quartzites exposed.

18T Grour, KHOONDAIR LIMESTONES.

The uppermost g;oup lies nearly all over the wide Khoond-air (river) valley which
stretches northwards from Kuddapah town, and over most of the Kuddapah basin or southern
extremity of this valley. There is a small outlier under the fort of Kurnool; while more
of the same rocks cover the eastern extremity of the Raichoor Doab. Again, a considerable
detached area of these beds, with the other groups, occurs in the Palnfd, or western taluga
of the Kistnah district.

The rock coming to the surface,} especially in the Khoond-air valley, is not, however,
always limestones ; more generally, there are reddish-purple calcareous shales (occasionally
cleaved), and these constitute the upper member of the group. For instance, the shales occur
all up the middle, and very strongly at either end, of this great valley. They gradually shade
down into the typical limestones of the group, which are dark-gray, more or less earthy,
sub-crystalline beds; sometimes very massive and thick, oftener flaggy or easily split up
into flags of 1—3 inches in thickness. The limestones are also occasiona{ly more crystalline
and compact, and cleaved to a certain extent, where folding or crushing of the beds has
taken place, as along the eastern side of the Khoond valﬁ)y. They of course show most
along the skirts of the valley, as near Kuddapah, Podatoor, Dhoor, Chagalmurry,
Sirwél, and so on up to the banks of the Kistnah.

28D GroUP, PANEUM QUARTZITES.

Along the western side of the Khoond valley, the country rises very gently in a series
of low long-sloping lills, with a few plateaus and undulations, which finally present an
irregular scarp towards the Bellary district. These are the Gundicottah, Ramwarum
and Paneum hills, whose surfaces, with the exception of the Gundicottah range, are made
up of quartzites of the second group, which thus rises up from under the limestones of the

hoond valley.

This is the only side of this part of the country over which these quartzites occur;
they do not appear on the western side of the valley, for the group thinned out altogether
in that direction, as well as to the north and south ; the sections among the turned up strata
on this side showing the upper limestone group lying on the lower one without any inter-
vening quartzites, as 18 the case in the sections on the western side.

Altered sandstones of the same group show rather strongly in the Kistnah district;
where they are again, through the denudation of the upper limestones, the superficial beds
of the low hills in the south-west corner of the Palndd.

The quartzites are of two kinds, quite distinct enough ns features in the landscape, but
hardly suéciently so to be referred to as separate members of a group. The upper variety
is a thick-bedded, massive, com}mct, white sandstone, much vitrified, but granular, and
showing a very peculiar style of weathering into massive buttresses and pinnacles. The
strata are generally horizontal, or at a very low angle, and the steep-sided ravines and scarps
denuded in these are often fringed with strangely picturesque masses of rock, or the slopes
below the scarps are strewn with great fallen masses of the same beds. The high-road from
Kurnool to Nundial passes over a plateau of those white quartzites, and the quaintly worn
masses immediately vremind one of some rocky coast from whence the rushing and tumbling
waters have long since retired.

Coarse sandstones and grits, with pebble beds, of dark colors, and in thinner strata
are generally found subjacent to the thick, white, pinnacled quartzites, and are often alone
without the covering of the upper beds. In such last cases, the remaining beds now form
the summits of a number of flat-topped hills fringing the Koilkoontla and Banagan-
pilly sides of the Khoond valley.

R ‘dThc subjacent KupDAPARS are, on the contrary, turned up on end, convoluted, crushed, and faunlted in the most
varicd way.

t The Khoond valley is very extensively covcred with cotton soil.
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38D GROUP, JUMMULMUDDAGOO LIMESTONES.

Wherever the above group of quartzites has been cut through, it is seen to be resting
quite conformably on a thick series of shales and limestones; occasionally the shales thin
out and nearly disappear altogether, and then the-quartzites look to be resting directly on
gray limestones.

These constitute the second limestone 5:0\1& among the KurNooLs, and they are
generally easily distinguishable from those of the Khoond valley. The shales are generally
of a bu.é color and are never calcareous, while the purple shales of the upper group are’
always more or less s0; and again the limestones are as a rule more crystalline and compact.
There are, it is true, just as earthy and flaggy beds to be found in the upper as in the lower
group, but such beds are less frequent in the latter, and they are arranged in definite
succession. There is generally a -fold series, thus:—at the bottom, compact, sub-
crystalline gray, and some purplish beds, with a thin series of peculiar limestone breccias ;
in the midgf:, thick, compact-splintery dar:r-timy and blueish beds; and thirdly, pale and
dark-gray compact, sub-crystalline and sub-earthy, often flaggy, beds.

The more crystalline and compact beds weather in a peculiar coralloid manner; the
worn surfaces being so radiately furrowed, pitted, and concentrically terraced, that the rock
seems to be made up of two or three different forms of coral ; but close examination has
failed to show any organic structure. This coralloid appearance is characteristic of any

t show of these lower limestones, though the same feature is also seen every now and

en in the upper group.
" This generally more crystalline set of limestones is seen at intervals, along the eastern
side of the Khoond valley, in a narrow belt of outcrop at or near the western base of the
Nullamullays. Again, on the western side of the same valley in Koilkoontla and
Banaganpil{y. and in the valley between the low Nosoom ridge and the Gundicottah
hills, and so further south, in the western part of the Kuddapah basin, where the Nerjee
quarries* have been opened up in the thin and compact beds of the group.

In the steep western slopes of the Gundicottah, Ramwarum, and Paneum ranges
of hills, these limestones again come to light and form a narrow continuous terrace below the
vertical scarps of upper quartzites, all the way from the tops of the hills east of Tadpurthee
(Bellary district), up to within 24 miles south-south-east from Kurnool, when it spreads
out in wide sheets between the lower and gentler undulating hills which are here sinking
mn to the flat country of Kurnool, itself built on a further out-stretch of these same

Here, in Kurnool, the group has thinned out a great deal, but still there are the three
varieties of limestones in their proper order: the canal being cut in thin ﬂa.g% upper beds;
the more crystalline strata cropY‘i;:g out between the canal and the village of s,lfoor; and
the thin grey compact sub-crystallines, though altered much by local igneous action, showing
close umf:: the western bastions of the town. Thence, with the exception of some slight
denudation in the Toongabudra and Kistnah, these limestones extend northwards to a
few miles beyond the latter river, in the Hydrabad territory.

In the Palndd there is the limestone again in great force. It here presents identical
characters with those in Kurnool and Kuddapah, except that it is more extensively
cleaved ; and that the white and buff non-calcareous shales are only seen to a small extent, -

4tH GROUP, BANAGANPILLY QUARTZITES.

Lowest of all of these strata comes another quartzite group which is interesting as
including the beds from which only diamonds are known to have been extracted in the
districts under description.

Hence, if the old nomenclature of * diamond sandstone,” or * diamond formation” was
to be employed in a classification of Madras rocks, it would have to be applied to the Kug-
NooOLS, or one of the groups included in that formation. There is no case known of diamonds
having been found in quartzites of the Kuppaprams, or in fact in any other group of

* These quarries were opened, and are now extensively worked by E. W. Barnett, Esq., who has used the stone
whenever practicable on the Madras Railway, and for the new Madras University and other public buildings in the

Presidency. .



paeT 1.] King : Kuddapah and Kurnool formations. 9

uartzites but the one now described. It is not, however, advisable to employ a name to
3istinguish a formation, which is derived from what is evidently only an accidental attribute
of the rocks ; while it is not certain that the diamond sandstones of Punna in Central India,
which belong to the VINDHYAN SERIES, are on the same geological horizon as the diamond-
bearing beds in the KuvrNooLs.

This group of quartzites is a generally thin series of coarse sands, grits, and pebble
beds, of dark colors; the sandstones being in thick beds, while the grits, &c., are generally
thin and sometimes y. The pebble are full of small fragments of chert of various
colors which are evidently derived from the slates and trappean beds of the Kupparans, on
the up-turned edges of which they now rest.

The relations and constitution of the group were first made out at Banaganpilly in the
Kurnool district, where the long sloping hll which rises to the west of the town is faced
with the quartzites.* From this point the strata were traced to the west, on either side of
the Puspulla valley, as another narrow terrace of nearly horizontal beds of not much
thickness, below and continuous with the terrace of limestones of the second group, already
referred to as lying below the western scarps of the Ramwarum and Paneum hills.
Indeed, these lowest quartzites form the toe of these western slopes.

The thin-bedded pebbly strata which are generally the lowest in the group seem to be the
holders of the gangue, or shaly seams, in which the diamonds are found, but it is only at
rare intervals in the exgosed area of these pebble-beds that workings have been opened, which
is partly accounted for by the fact that these seams of sandy and pebbly shales are only of
local occurrence in the quartzites. The selection of working sites seems mainly to have
been guided by chance, as the finding of a diamond by a ooolﬂ or shepherd, and the selection
bas been a lucky one in only some cases, for there are localities where extensive workings
have evidently been carried on for centuries; while others have soon been deserted. The
diamonds found at present are very small and not of much value, nor do the returns seem to
have been any better for many years. The workings are of two kinds; mines. excavated in
the strata, or pits sunk at various points in the recent deposits of ddbris, shingle, and gravel,
derived from the denudation of the quartzites.t The Banaganiill y workings are mainly
mines, while the now deserted pits at Chennoor near Kuddapah were in recent gravels.

In the Palnad,} there are again a set of altered sandstones answering to this group, and
there too among these beds are frequent traces of old diamond workings.

The lowest group of the Kurnoo! formation is always found to be resting unconform-
ably on other quartzites, slates, and limestones ; and where it is overlapped by the superincum-
bent limestones, these in their turn are found covering the older rocks in the same way; in
fact, there is not the smallest doubt but that the four groups now described constitute a
%sﬁnct formation separable by a great interval of time from the subjacent strata, or the

UDDAPAH.

Both formations are totally devoid of any fossil remains, at least not a trace of evidence
of organic life has been found 1n their strata, and in this they are like the VINDEYANS which
are as indicative of a period when there was no life. No more likely series of rocks for con-
taining such remains could be imagined ; and one is tempted again and again to examine
favourable localities, but always with no other result than some deceptive concretions, or
worm-like tracks, or the most perfect surface of ripplings in the sandstones.

Neither can it be that fossil remains which may have once existed can have been so
completely obliterated by the metamorphic influence to which these rocks have been exposed,
as to have left no trace behind; for whenever we have the originally sedimentary contri-
tution of the rock apparently completely baked out of sight, as it were,—as in the case of
pebble beds and the coarsest conglomerates, which, until they are weathered, are as uniformly
granular quartzites as one coulg wish to see—, the various weathering influences have again
revealed the original constitution. .

* The Banaganpilly diamond mines are sunk and worked on the slope of this hill,

4 These dobris-deposits are often quite outside the area of Kunpararsand KurNoors, and hence we occasjonall
h;arl of"e dhmokl;ds being found in the neighbourhood of granite, or gneiss, when they m’mppoud to be derived n‘on{
the latter rocks. .

1 1t may be as well to notice that the so-called Juggiapett coal-field i8 a north-easterly extension of the Palndd
ares, and the Juggiapett rocks are KuanooLs and Kupparams which are not at all of a coal-bearing cha.ract:r.

B
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There are deceptive appearances of organic structure, such as, minute oomoentricall
laminated globular ies, in some of the KuDDAPAH rocks; the coralloid charaeter of th{
Kurnool limestones; minute Cypris-like bodies in the upper limestones; the dendritric
izations of the oxide of manganeee in quartzites, imestones, and slates ; and lastl
the cavities of clay-galls so frequent in the sandstones; but these of course are all referribli
to other than organic origin.

’

GEOLOGICAL SKETCH OF THE SHILLONG Prartrav: by H B. MepLicort,
F. G. 8., Geol. Burvey of India.

The main features of the geology of the Shillong plateau, on the north-eastern frontier
of Bengal, have been known for some time: cretaceous, nummulitic, and younger strata,
resting horizontally upon metamorphic rocks of various types, at an elevation of 4,000
to 5,000 feet, and doubtfully related to extensive masses of trappean eruptive rocks. A brief
opportunity has recently occurred of visiting the hitherto geologically unexplored western

rtion of the plateau in the Garo region; and also of re-examining the central portion,
in the Khasia district, at a season when field work was possible. A brief abstract of the
results is here given in anticipation of the more detailed description.

Re%u-dmg' the supra nummulitic rocks, which are very poorly exposed in the central
region, little fresh i.n!grmstion has been gained. Frome't:{e sandstone of Nongkalong on
the western limits of the Khasia district, where it rests upon nummulitic limestone, Cap-
tain Godwin-Austen has made a collection of fossils upon which Dr. Stoliczka remarks that
*“ none of the species, so far as recognizable, appear to be identical with those known from
the nummulitic beds of the same district.”

The nummulitic formation presents a total change in the character of the deposits
from east to west: from being purely sandy and calcarcous, they become almost entirely
argillaceous.

The doubtful horizon between the nummulitic and cretaceous formations has been
worked out. The former does not overlap the latter ; the northern outliers, so far as known,
are all of the cretaceous deposits.

The local order of the cretaceous deposits at Cherrapoonji is described.

Many of the fossils collected have been identified by Dr. Stoliczka with forms oocarring
in the Ootatoor and Arrialoor groups of the upper cretaceous rocks of South India. In
the small collection obtained, there were recognisable eleven forms of Cephalopods, twenty-
seven of Gastropods, eleven of Lamellibranchiata, three of Brachiopods, and four
Echinoides.

A very extemsive formation of stratified eruptive rocks is exposed, unconformably over-
laid by the cretaceous strata and resting in natural junction against a steep face of the
metamorphic rocks along the south base of the plateau. It is fully 3,000 feet thick. No
inter-trappean sedimentary rocks, nor any infra-trappean younger than the metamorphics,
having been found, it is impossible to assign the age of this eruptive formation. It is pro-
posed to call it the 8ylhet Trap.

Totally distinct from this is the Khasia Trap, so massively develo];ed in the interior
of the hills, associated with the younger metamorphics. It is probably hypo-synchronous
with these, s. e., introduced (Pformed) at the time of their main disturbance and meta-
morphism.

The granite occurring, both in large masses and in dykes, through the upper meta-
morphics is younger than the Khasia Trap.

. The separation of the Shillong series (the upper metamorphics) from the Gneissic
series, is conjecturally indicated.
The peculiar position of the plateau, between two great regions of disturbance. and the
closa relation of tgz:t.ratigmphical features with the south-eastern of these mountain-regions
aro discussed as illustrative of current opinions upon crust-movements.
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The occurrence of a sharply defined terrace of older alluvium round the west base of
the Garo hills, and corresponding with the well known Madhoopoor jungle deposits in the
plains to the south, is noticed with reference to the changes that have the delta of
the great rivers.

October 1868.

ON THE OCCURRENCE OF GOLD IN THE DISTRICT oF SINgBHUM, &c., BY VaiL. Baii, Esq.,
Geological Survey of India.

The existence of gold in the districts of the south-west frontier of Bengal and in the
neighbouring tributary states has long been known. It is found not only in the sands of
many rivers and streams, but in some instances it has been mined for in the alluvial and
other superficial deposits.

Colonel Haunghton in his interesting memorandum ‘On the geological structure and
mineral resonrces of the 8inghbh#dm Division,* has given an account of the gold washing,
and enumerated several localities where gold mining had been, or was, at the time of his
visits, carried on. He also quotes from a letter from Mr. Robinson in which that gentleman
states the results of his attempts to establish gold-mining under European superintendence.

At Rohobe in Oodipur where operations were commenced and shewed some prospect
of being fairly remunerative, the climate proved so “hot and unhealthy” that it was found
that no European could live there, and the works were given up. .

Colonel Haughton says that “the metal was found some years ago in considerable lamps
“in the Sona Nuddee of Sonapet in Tamar on the nort.{ern extremity of Singhbhdm,
“ and much is still found there.”

I have invariably found that the washers have traditions of nuggets having been found
at intervals. ”

The cases of the gold having been found i sifu are undoubtedly rare. Colonel Haughton
speaks of it occurring in (in sitw?) “a little north of Assuntitlea in Khursowa,”
but farther on bhe states “I have not heard of any instance in which the metal has been
found attached to a stone, 80 that the former statement must only mean to lm%y that it is
mined for in superficial deposits.” Dr. Emil Steehr statest that traces of gold were found
in the copper ores of Singbhdém.

A Mr. Emerson was specially employed by the Singbhdm Copper Company to investi-
gate the gold resources of the country. He is said to have crushed a quantity of quartz
and to have found traces of gold in it; but his operations do not appear to have been suffi-
ciently successful to encourage him to continue.

When in Chaibassa last April, I was shewn a small nngﬁet of gold in a quartz
matrix. It was said to have been obtained in the Kappergudee Ghat near Kalkapur
in Dholbhdm.

It is not within the scope of the present paper to give a complete resumé of all that is
recorded on the subject, but rather to ﬁe an account of what actually come under my
own observation in those portions of the districts which have been examined geologically.

During the season of 1866-67, Mr. Ormsby and myself fancied we were able to conneet
the oocurrence of gold in the streams with the existence of certain submetamorphic rocks

‘magnesium and mica schists, slates and quartzites) which were then for the first time. met
with in Mdnbhdm. ‘

Being anxious to ant this connection to as rigid a test as circumstances would admit of,
and wishing to define, i sible, the exact boundaries within which gold certainly exists
and may be reasonably looked for, I with some difficulty persuaded two gold washers (man

* J. A. 8. B. XXIII, p. 108, 1854,
flinl&e Bemer Ober den District Singhbhum in Bengalen. Viertel Jahrs’schrift der Naturforsclienden
Geselochaft. Zurich, 5th year, Part 4, 1860,
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and wife) to accompany me during my examinatioun of the remaining portion of the district
of Manbhdm. They remained with me for upwards of three months, washing daily at
such places as pointed out.

One of the most interesting results is, that the existence of gold in the metamorphic
as well as the sub-metamorphic rocks has been satisfactorily proved. This, from various
reasons, I. was not pre to e . Colonel Haughton, who speaks of the granitic
gneissose rocks as igmeous, states that gold is never found in the streams traversing them.
Again, the Natives, so far as my experience goes, do not wash in the sands, &c., lying on
the metamorphic rocks, although they do not connect the existence of gold in the sands with
the vicinity of any particular rock.

In Minbhim, the experience of generations of washers has enabled them to define
the boundaries within which washing is remunerative; and this boundary, it is interesting
to observe, corresponds on the north exactly with that of the sub-metamorphic rocks.* This
coincidence I ascertained in the following manner. On my arrival at Dulmi (which is
situated on the faulted boundary of these two groups of rooks) when marching northwards
from the lower of Pattrum, the gold-washer asked to be allowed to return to his own
country (Dhalbhdm), stating that none of his race ever went north of Dulmi. I induced
him however to stop, and while we remained north of the fault the washings were carried on in
the granitic gneiss area with comparatively poor, but not exactly barren, results. On the day
T crossed the fault south of Sindaree, when returning southwards, the gold-washer said that
we should after that find gold more regularly ang in greater quantities than we had done
since we came north at Dulmi.

During the whole time, a record was kept of the daily results and of the nature of the
rocks in which the washings were made. The following abstract will suffice for comparison
of the productiveness of the two formations :—

Sub-metamorphics.
January, | February, March. April. ToraL.
Number of days on which wash-
were made 31 9 18 8 [ ]
Unsuccessful days ... 2 2 2 9= 3'6 per cent.
Gold in grains 17°68 4'68 76 45 32:38
Daily average in grains 67 516 4 ‘8 Daily average for whole period
=46 grains,
Metamorphics.
January. | Pebruary, March. April, ToraL.
Number of days on which wash-
ings were made ... R 20 3 | ... 33
Unsucoessful days - e | e 13 9 eotene 22 = 66 per cent.
Total gold in grains ... [ 478 T e 548
Daily average . eeser ‘23 05 | weeeen Dnily6 a‘lvsengv for whole period
= j”‘ = -10.

* A line drawn across the southern of MinbhGm from Simlapal on the east through Burrabazar to a lif
north of Echagurh on the west, roughly msm the position of the line of boundary betweug the two f st
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Comparing these results by the number of successful days first, we may say,
that for gold producing, the submetamorphic rocks are to the metamorphics as
(100—13-6=)86-4 to (100—66=)34=2:5: 1; comparing by daily average, the proportions
become 46 : '16—q. p. 3 : 1.

We may therefore conclude that the submetamorphics are between two and half and
three times as productive of gold as the metamorphics, so that as the tﬁ:ld washers only find
a subsistence from washing in the submetamorphic area, it is obvious that it would not pay
them to work in the metamorphics.

The greatest amount found on one day was 22 grains, but the daily averages given
above should not be taken as indicative of the amount of gold to be found l‘);ga reg'lular
system of working where the washers would of course be set at favorable spots, and would
not have to spend a considerable portion of their time daily, as was the case of the men I
employed, in making marches before they reached the scene of their labours.*

Various 1;81‘ in the Asiatic Society’s Journal describe the methods of gold-washing

practisedin ifferent parts of India. e instruments used, though essentially the same

ﬁsgrinciple throughout, have local peculiarities of shape, &c., and the manner of manipulation
varies.

At Heera Khundt the same instrument and manipulation serve for the separation
of both diamonds and gold. In fact the diamonds are found in the middle of the process,
the iron sand with specks of gold being the final residue.

In Minbhim and Singbhum the instruments used are perhaps more simple than
those used in any other place. The dish measures 28" by 18, it is hollowed somewhat
eccentrically to a maximum depth of about 2} inches. A ncra'fer formed of a flattened iron-
hook set in a handle, serves to collect the auriferious sand an vel which accumulates in
the angles of the rocks in the beds of streams. The dish when filled is placed in shallow
water, and the operator working with his hands soon separates and throws aside all the

coarser gravel and stones, while the agitation of the water serves to carry away all the mud
and lighter portions.

The dish is then balanced on the palm of the left hand and oscillated to and fro
with the right; this serves to throw off the ter portion of the remaining gravel,
and the process is completed by a circular motion, which is communicated to the water
in the hollow of the dish, by which even the smallest particles of foreign matter are
separated, and the final result 1s a residue of black iron-sand in which the specks of gold are
readily apparent. :

The gold-washers belong to the lowest and E)oreat races in the country, Gassees
according to Colonel Haughton, but some of those which I met with were a race of kumars,
called Dokras. Their numbers have been ‘greotly reduced by the famine; without exception
they are all in the power of the Mahajuns, for whom they work at a low rate, and are never
able to free themselves of the claims which the Mahajuns make on account of advances.

The daily earnings of the gold-washers are amall, but might no doubt be increased,
if it were not that they are always satisfied when enough gold has been found for procuring
the day’s subsistence.

¢ It is conceivable that the fact of the ter quantity of gold being found in the superficial deposits within
the submetamorphic area might be atttributable to t in the configuration or elevation of the d condu-
clve to the greater accumulation of gold within that area. T could not however discover anything of kind; the
fall to south is gradual throughout both formations.

mozlgln of the which is annually found in the rivers at present is, I believe, twofold. A portion bein
directly d vedﬂhom he rocks and the remainder resulting from the re-assortment of detritus which is the mnnno{
of sub-aerial action.

In both formations, the evidences of extensive sub-aerial action are numerous and prominent, and it is obvious
that nature has been carrying on gold washing operations in the valleys, since denudati d to scvop
them out, leaving barriers of intervening ranges of hills formed of the hardest rocks between them,

t J. A. 8. B, VIII. 1067, 1890,
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Colonel Haughton says—* The Gassees can always reckon on earning from three to four
pice per day, and I am assured thata vigorous man often gets as much as twelve annas,
whicp',.as the ordinary rate of field labour is about one pice, must be considered a very large
sum.

Mr. Robinson found in a trial which he made at Rohobe in Oodipur, that men to
whom he paid one anna could produce for him from three to four annas worth of

Colonel Dalton states that the washers themselves regard it as a v trade, simpl
yielding they say pét bur (bellyful). Y poor Tace, smpy

Dr. Steehr in his paper on 8inghbh G m states that he found the average daily earning
to be about 25 centimes (rather more than an anna and a half).

The men I met with stated that they could earn about an anna a day and oocasionally
three or four annas.

Taking into consideration the manner in which the tghold is distributed through the
superficial deposits of these districts, it would seem that the system of hydraulic mining,
at present practised in California, is the one which would be most likely to be sucoessful.

In a recently published acoountt of that system we learn that there is a oo:bpa.ny in
California which supplies water to the miners at such a moderate rate that “350 miner's
inches of walter, thx a head of 160 feet, will remove and wash 4,000 tons of gravel per
diem, leaving a small profit on the working of stuff affording gold to the value of only three
half pence per ton.”

In parts of the districts under consideration it would be hopeless to e: to obtain
a constant and sufficient supply of water with the necessary head-way: but there must be
many places at the bases of the plateaux which rise towards the west, where the conditions
would be peculiarly favourable. During the rains the number of such places would of course
be vastly mcreasa{.

. The simplest idea of this process, which seems so nearly to approach to perfection in
California, is not, however, altogether unknown to the natives. EI: Robinsor saysf—
* Another plan and a very remarkable one in which the people collect the gold is by drawing up
small watercourses before the rains, so as to make pfms for a deposit of soil carried down
by the water ; this soil is cleared out several times and in it is found a large deposit of gold.”

In the shallow diggings the hydmnli(;;{stem would not of course be applicable, but even
in them an increased field would undoubtedly result from supplanting the native’s dish by
the Californian pan, rocker, long-tom and sluice.

September, 1868.

MEMORANDUM ON THE WELLS NOW BEING SUNK AT THE EUROPEAN PENITENTIARY,
AND AT THE BITE FOR THE CENTBAL Jarr, HazazgxBiax, by H. B. MEbLICOTT,
F. G. 8., GeoLogicaL SUBVEY or IwpIa.

1. All the rocks of Hazareebagh are of the most extreme metamorphic type, and are
besides very irregularly arranged. .ft will, therefore, be at once understood that a question
of water-snpxly, in which these rocks are concerned, is altogether beyond those simpler cases
where a study of the sections might enable a Geologist to give an apsroximste positive
judgment upon the source of water in any given position. The independent method

ing thus not ap&licable, I had to trust to the discussion of existing local experience, and
the comparison of this with the special cases proposed, with the following results.

2. Hazareebagh is on an undulating upland. There is nowhere any strictly level
ground ; but the tops of the ridges are generally very flat, and the slopes very gentle. It

* J.A.8. B, 1854, p. 109,
+ Quar. Journal of Science, XIX, July 1968.
t J. A. 5. B., 1854, p. 108,
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is only in the immediate neighbourhood of the main stream.channels that rougher and
steeper ground occurs, and also where rocks come to, or near to, the surface, whether on the
slopes, or on the ridges. But even in this latter case, the summits of such ridges are very
approximately on the same level as those where no rock is to be seen ; I t that available
iz}:)mﬁon oes not enable me to give figures. Over large areas, as in and about the Station
and Cantonments, no rock whatever is ::Eosed. From the few glimpees I was able to get
in the upper part of unlined wells or in ditches, it would appear that such areas are formed
of a dark stiff eandy clay, tinted with iron, and mottled with concentrated granules of the
same in varying propartions. The greatest thicknees I was able to observe of this stratum
was 14 feet in a partially dug well, where the water level had not yet been reached ; but,
no doubt, it locally attains greater dimensions. I could not fully eatisfy myself, from an
inspection of this clay, whether it is purely derived from the decomposition in place of the
subjacent rock, or whether it be in some manner alluvial, a point that would bear nmporta.ntly
upon the under-ground distribution of the water. I incline to the former view; but, if
correct, the rocks must be there unnsul(l{v free from the quartz-veins which occur so abun-
dantly in the exposed rock sections, and which veins would remain in position and unaffected
in the clay. This stratum forms a cold and retentive under-clay: the upper two feet or so of
a paler colour, where de- and re-composition has further advanced, forms a slightly improved
sub-soil, 'eldin‘gstthesurfweavery r soil. Where the iron and the sand are not in
excess, the under-clay forms an excellent brick-clay; the upper layer being fit for tiles.
Below this clay, I am told, there comes suddenly an unknown thickness of incoherent randy
or gravelly material, in which the water runs freely ; but from the very apocryphal descrip-
tions I have received, I am quite unable to say whether this be a dilu eposit, or merely
disintegrated rock in place; what has been conjectured regarding the clay may show that
I incline to the latter view: the evidence of any old heaps or of well-clearings is in favor
of it. The greatly preponderating rock of the region is a finely granular hornblendic gneiss.
From a list of measurements taken in 42 wells within Cantonments, and a partially contoured
plan, both furnished to me by the Executive Engineer, I have made the annexed tabular
statement, from which a few inferences may be gleaned. In none of these wells, that I
could hear of, was anything like rock met with.

8. It is remarked on the list that “those measured in the evening have often been
largely drawn upon, as No. 14 on the south side of the Plunge-bath. Early measurements
for alfwould have been better, even if it had to be done on consecutive days ; it would seem,
however, that the discrepancies thus introduced may balance each other in the averages of
the several groups ; but the data bein;f thus not comparable, and there being no collateral
information, one is left without a clue to an explanation of what may be only apparent
anomalies ; such as Nos. 26 and 27, deep wells, exhausted, while much shallower wells in
the same neighbourhood hold several feet of water. In all such statistics, the original
depths to which the wells were sunk should be the measure given ; this ought to be in a
permanent record and with it some attem})t, however rough, to describe the materials cat
through. All should, moreover, be easily referrible to the level of the lowest drainage point
of the region as a datum line.

4. The table, contrary to what might have been expected, shows no decided advantage
in the supply to wells at a lower level.

5. There is a very marked advantage shown, as was of course to be expected, in an
increase to the depth of the wells ; there is at least 6 inches gained in the daily supply for
every foot in depth below a certain point. I eay daily supply, for I do not think that the
depth of a well would affect its permanent level : thus Nos. 2 and 3 are within 70 yards of
each other, neither was much in use; and although No. 3 is deeper by 8 feet 6 inches, there
is only 1 foot 8 inches difference in the water level, and even this 1s in favor of the shallower
well. " From every consideration it is manifest to me that to have an unfailing supply of the
best water in Cantonments, it is only necessary to sink a few feet lower than has been the
practice, and, I might add, to adopt some less primitive mode of drawing water than that
of hauling in buckets. Where there are only a few feet of water, this mode of raising
makes it turbid and unfit for immediate use. Serious difficulty seems to have been felt in
attempting to carry the wells even to their present deﬁt'h ; but I cannot find that any proper
means have been tried to overcome this difficulty, such as the use of some method o sgormg
up the sides while the work is being carried on in friable, watery ground, and at the same
time some means of unwatering more effectual than the obstructive one of baling and
hauling.
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6. Several figures in the list show how safely the water is stored below; how slowly,
but surely, the supply recovers when drawn upon. These measurements were taken on the
5th of June, after a long season of drought. Dr. J. M. Coates, Superintendent of Jails,
has kindly given me a statement of the rain-falls for the preceding months :—January, 0-26 ;
February, 0'87 ; March, 0°64; April, 0°0; May, 1'‘64; up to 5th June, 0'59. The scarcity
was much felt, but it was not an extreme case. I am told that worse seasons have been
experienced, still there were 13 and 20 feet of water in wells Nos. 2 and 3 at a depth from
the surface of 26 and 27 feet. In other cases, as Nos. 6 and 14, a fair daily supply was
renewed nightly. The stratum of clay can be but very slightly permeable to water, and
can contribute little; all the evidence goes to show that the water is ] in the disinte-
grated upper portions of the under-lying gneiss. The depth to which this decomposition
takes place is variable according to the variety of the rock in different spots; but it is
generally very considerable, and in every case I would take that as the depth to which a well
may be sunk with advantage. The moderate permeability of this rotten rock, as shown by
the facts just quoted, suggests an alternative to the deep sinking which has been recom-
mended as the best safeguard against scarcity : it would seem that wells may be sunk within
80 to 100 iytu'd:s of each other without seriously affecting the daily supply in each within
the limits of ordinary demand.

7. In connection with the question here discussed, I would bring to notice an allied
one of equal importance. In the 13 days following the 6th June there fell 14'43" of rain,
and all the wells were filled to within a foot of, or were quite up to, the surface. This is
their condition for months throughout the rainy season, after which they slowly subside to
their minimum at the end of the ensuing hot season. Such a state of things will seem
strange after what has been said of the configuration of the ground, that the surface drainage
is ample in every direction ; and that at no great distance the rocks outcrop in valleys much
below the general level of the country, unless from artificial causes there is no surface
lodgement of water. It may seem stranger that it should be allowed to remain so. I have
latel { heard doubts expressed as to the reputed healthiness of Hazareebaugh. Without in
the least wishing to endorse such an opinion, against which there is much presumptive
evidence, I may remark that, according to received notions, it seems like neglecting a means
of improved healthiness to allow the water to be 8o near the surface. It may be said, and
I am not prepared to deny the assertion, that so long as the water is even a few inches under
g:(t’md, it is innocuous; that it is only when allowed to stagnate on the surface that it

mes injurious ; if it be so, most of the ground would require no treatment, but there
would remain much to be done. When I passed through Hazareebaugh in the middle of
November 1866, after we had many days of hot sunny weather, I noticed soft sludgy ground
in many places, even within a short stone's-throw of the barracks. At half-way down the
slopes of the shallow hollows the water does ooze out, creating this boggy ground, so long
as the gencral water level remains above the level of the channel. Surely this would come
within the limits of the conditions to which the autumnal unhealthiness is attributed all
over India. But here, not as in the cities of the plains, the remedy is easy; the most
complete facilities exist for drainage of any required degree. Of drainage, such as is usually
understood in India, Hazarecbagh has had its fair share: the natural water channels
and the cuts along the roadside, or elsewhere, are kept clear, but in such a sub-soil as that
here the effect of this is imperceptible. Drainage to be effectunal should be such  thorough
drainage” a8 a farmer would apply to similar land in Scotland, if he wanted to bring it
under tillage.

8. The Civil Station adjoins Cantonments immediately on the north-west, the ground
being apparently slightly higher. Here, about the Zi Jail, and in the grounds of the
house occupied by the Superintendent of Jails, I saw some sections in unlined wells somewhat
different from what would seem to be the rule in Cantonments, in so far as that the clay,
which is of precisely the same character as elsewhere, is much less thick, not more than 6 to
10 feet. The rock does not appear at the surface. Even here I could not satisfy myself
upon the mode of origin of the clay; there seems to be generally at the base a foot or so,
in which coarse quartz debris is abundant and irregularly scatte Here, however, it is
certain that the water-yielding rock is the porous rotten gmeiss, in which the wells are dug
without any difficulty. It is often so loose as to crumble away and fall in.

9. We may now come to the main object of our investigation. The European Peni-

tentiary stands about three-fourths of a mile to north-north-east of Cantonments, and
separated from them by a broad valley, some 40 feet deep, passing up to westwards, in which
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direction the ridges arve confluent. The site for the Central Jail is some few score yards be-

ond the Penitentiary, on another minor branch of the same system of ridges. In both
Lealities rock crops out freely in many places, and it might have been anticipated from the
beginning that the well question would assume a very different aspect from that of any case
within local experience. It were useless to moralise upon so common an occurrence as want
of foresight, or to indicate its source in this particular instance.

10. In the Penitentiary well there is no clay at top. After about 3 feet of coarse
quartz gravel, mixed with red sandy earth, they come upon a run of largely crystallized
granite (pegmatite) very irregularly associated with hornblendic gmeiss. At first this mass
was not difficult to be cut, although not nearly so soft as the rotten rock already spoken of, but it
rapidly became harder, and at about 20 feet blaatinE had to be resorted to. All effects of
decomposition from surface atmospheric influence having ceased, the stone showed its true
characters of intense hardness and complete impermeability. The arrangement of the
bedding, if, indeed, it be true bedding, m this short shaft is exceedingly irregular, at one
ggt apparently dipﬁing' to the north, and at another to the west. In the hard rock at base

re are some well marked joint ‘})lanes showing large flat surfaces nearly vertical, but these
Joints do not seem to be available for the percolation of water; the few leakages that occur
are from points in the indefinite cracks that traverse the stone discontinuously without any
system, and generally where there is a film or layer of partially disintegrated rock. Near
base of the shaft another vein of granite like that at top, but thinner, traverses the
gneiss irregularly at a low a angle, but here it is firmly united with the containing
rock, the same even surface of re passing indiscriminately through both. I waited for
several days to have this well emptied, but the water was still knee-deep at my last examina-
tion. I do not consider that I have lost any evidence of importance.

11. From the accounts I have received, there would seem to be some pr of
iste success. I am informed by Dr. Coates that a few days before the work closed at
the end of the hot season, he made a rough measurement of the leakage water, and found
it to be about 40 gallons per hour, nearly 1,000 per day. I confess that this surprises me
mauch : the excavation then was at about the level the water stood at when I saw it and
the leakage did not seem to me any thing like so much, a,lt.honfh the time of year was so
much more favorable, and the well had just been emptied by double of men workin,
day and night. Subsequent to that measurement, the last few blasts put into the roc
one or more layers much softer than any met with for some yards above, and from
which water flowed in much greater abundance than from any of the higher points. Unfor-
tunately the rains put a stop to the work before this ground could be fully proved. The only
toms I oouldp detect of these sources was that, in walking about through the water,
;’? at two or three spots a very appreciable warmth under my feet. The first thing to be
done now is fully to test this ground. Five or 6 feet mcre of cutting ought to prove what
it is worth. But a large margin ought to be left above any measurement made now for the
diminution that may be expected in the dry season.

12. There can, of course, be no doubt of ultimate success: accumulated drippings will
at last yield the required supply. But this must remain matter of experiment. No one
but a diviner would venture to predict at what point success would be attained in rocks like
these. There is, bowever, an evident choice as to the direction in which these contributions are
to be sought. That word “spring” has a great deal to answer for : most men seem to think
that water comes from the bowels of the earth, whereas in 99 out of 100 apparent cases
the source is from above. The only available, and the only known, source of water here is
the one already pointed out, the porous mass of disintegrated rock at the out-crop under
the clay. This bemg the case, I would decidedly recommend, in the event of the next few
fect in depth not giving the required supply, that the vertical shaft be chal;ged for a nearly
horizontal drift. e c%ances are almost all in favor of this plan, and there is here the
ultimate certainty of tapping the source itself in the most effectual manner from below.
In the vertical shaft there is no doubt the chance of contributions from every side, while in
the drift we must select the most likely direction, but I am in favor of this attempt. There
are two elements for consideration, the structure of the rocks, and the lie of the surface.
From what has been seen of the rocks in the Penitentiary well, there is little or no room
for ehoice ; they have no definite arrangement. The most frequent run of the rocks in this
neighbourhood is about morth-north-west, and so the most likely line to cut them would be
at right angles to that direction. The primd fucie view of the second condition would

c B
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sug to make straight for the nearest point of the slope of the ridge, but it must be
modified in this case. I have carefully examined the line of the surface, and should con-
sider that course to be unsafe; the slope to the south is too near and too rapid. The ground
from which a supply is to be expected lies to the west and west-south-west. I would recom-
mend that the dnft be cut to west-30°-south, with a rise of 1 in 20. This direction, too,
would approximately suit the probable run of the strata.

13. There is at least one advantage in having the well in solid rock; it may be left
with its present full width, and only cased for 20 feet or so from the surface. I would
recommend that this be done at once ; and that the pump, by which it is to be hoped the
future water-supply is to be raised, be put in position now. In such a well, too, the work
can be continued at any time as well as at first, should a season’s trial prove the supply to be
insufficient.” I would not, however, let this be an excuse for an incomplete job at first; the
failure would, of course, occur in a season of extreme drought, and might be seriously felt.
But, indeed, the energy of Dr. Coates has provided an excellent resource for a time of such
need, by converting the unsightly and doubtfully salubrious ravine in front of the Peni-
tentiary into a most picturesque lake of deep water. A very little care on the part of the
authorities can prevent any possibility of its becoming unwholesome.

14. The case of the Central Jail well is quite analogous to that of the Penitentiary,
but a little more puzzling. Here too, however, I would recommend the prosecution of the
work. I believe that success can be secured at a much less cost than would be entniled:f
abandoning the site upon which preparation and work has been already so far expended.
At top there were 6 to 8 feet of red gravelly earth, resting on the edges of the strats,
which are thoroughly disintegrated for 3 to 4 feet passing down into much firmer rock.
Unlike in other wells the beds here have a steady dip of 40° to north-35°-west. At a depth
of 30 feet on the rise, and 38 on the fall, an intensely hard rock was encountered, in which
the work now stands at 40 feet. This well also had just been unwatered; and consideri
this, and the time of year, the leakage appeared to me to be very trifling. The last roc
cut in this well is exceedingly unpromising; the large surface of it now exposed does not
show a single crack or crevice. It breaks with sharp edges and large conchoidal fracture:
it is_a fine grained mixture of hornblende quartz and felspar thoroughly crystallized ; super-
ficially it might be described as a granitic diorite; but geologically it must come under the
genus gneiss, as it seems to be strictly in the bedding, and to be simply an exaggerated form
of the g: foliated hornblendic gneiss of the district. A correct Enowledge of this rock
would greatly lelp a decision regarding the well; but very little can be discovered ; there
is no out crop of it to be found. On the other side of the Penitentiary, at the edge of the
upper lake, an exactly similar rock is exposed for fully 10 yards across its strike. Thus in
t.lfe well shaft there is a prospect of having to cut through an indefinite thickness of perfectly
barren rock, and of the most difficult nature. The same obstacle affects the consideration of
a drift. In this position, also, the condition of the surface is of dominant importance on
account of the rapid fall in certain directions. The most likely direction for a drift to inter-
cept an abundant supply of water would be about due south, but this would take it into
the same rock, and even for a greater thickness than in the shaft, the cut being oblique both
to the strike and the dip ; here, however, there would be the prospect of its becoming softer
at every step. I have no doubt of this beinF the safest course. The lower the inclination
of the drift, the better the chance. I would not advise a greater slope than would ensure
the flow of water to the shaft. By cutting the drift to northward, it would run towards a
convex bend of the ridge, and success would not be 8o secure; but the obnoxious rock (at
least this bed of it) would be avoided.

16. There is one well in a position to be oom'pured with these. The well for the
Police Barrack stands nearly centrally on the ridge of which the new buildings occupy pro-
longations : it is 470 yards to west-18°-north from the Penitentiary well (the distances are
taken from a plan lent to me by Colonel Dawson) and 1 foot 9 inches higher; the same well
is 700 yards to south-42°-west from the Central Jail well, and 4 feet 6 inches above it.
It is 80 feet deep. I have had very different accounts of this well : like all the others, it
fills to the brim in the rains, and some say that it has a constant supply, the demand upon
it not being very great; while others declare that it fails ; that in the hot weather people
living along side it fetch water from a considerable distance in the hollow. Some measure-
ments of these three wells are given in Table II. The water in the two new wells on the
10th October was probably below what they had contained at their fullest; but even that
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ghunntity shows that on the 19th June, when every other well in the place was at its full,
ese were still at least 10 and 6 feet below their minimum height, an in£cstion of the slow
and circuitous percolation by which they are fed.

. I have made this report rather long, but I thought it best to omit nothing that might
give information.

23rd November 1868.

Tasrx 1.

Table of depths of Water and of Wells in Canfonments as measured on the 6th June
1868, just before commencement of the rains, grouped according to levels of sites.

Over BrrweExN BETWEEN
88’ coNToUR. 88’ AND 84’ 84’ axp 80 Unpzz 80/
Depth Depth Depth Depth
Nu‘?ﬁf of Pt P Rexarxs,
of of of of of of of Oof
Water. | Well. | Water. | Well. | Water. | Well. | Water. | Well.
1 76 870 e
3| 130 389 Within 210 feet of No. 3.
3| 201 473 ... | These two wells were little used.
4 75 326 . . .-
5 . 51 353 -
[] 13 325 . Much used.
7 14 198 . .
8 30 1776 .
9 70 373 e
10 o1 403 e e
1 -
12 50 346
13 oee e 3 e . .o
14 20 380 Much used.
15 .. 69 3035
16 70 355 . . . e
17 77 311
18 . 18 25
19 see 30 300 v s
0 15 39'6 voo
aa N e 76 366
22 52 318
23 55 | 325
24 e e 20 2350
35 e . 325 2725
2 . o . 03 3425
27 .. 03 3128
28 e e e .- e 25 335
29 o . 45 336
30 30 250 .
31 . o 1'4 190
32 .o s . .o 43 243
33 10 290 e e e
34 62 383 . e e
35 22 243 o . . .o
38 64 834 o e . N
37 o3 402 o ee o . . | Thefourlast are within a radins
38 46 856 e i . of 180 feet.
39 60 85 . o . .
40 00 210 . e . e .- . ‘Within 80 feet of No. 39.
41 73 323 e s - e
] 00 200 «. | The five last are within a radius
Of 256 feet,
796 4428 430 3040 107 104'58 4545 | 37970
of 13 61 340 Nos. 3 and 40 are omitted as
l:m of 10 .. 43 304 exceptional.
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Tasrz I1.
Tuble of meusurements in the new Jail Wells.
Depth of th of Wate th of Water
\Eell. l:lplﬂth .hme.r mmhomwbu.
foet. feet. inches. feet. inches.
A. Police Well ... o e . 30 28 0 23 6
B. Penitentiary, 1'—9" below A. ... - e e 56 » [ B 43 [}
C. Central Jail, 4—9' ,, ,, e e . s 3 21 6 31 [

MzerroRITES.—To the collection of Meteorites in the Geological Museum, there have
been two valuable additions during the past three months. One of these, a specimen of
the very interesting fall which oocurred on the 11th July 1868, at Ornars (Doubs), in France,
-has been presenteﬁ by M. Jules Marcou, Paris. It is a remarkable stone of a dark-grey
colour, oolitic or sub-oolitic in texture, very friable, so as even to crumble under the action of
the fingers. Iron is present in extrem:{y small particles. It is very slightly magnetic.
In fact, the fall represents a state intermediate between the ferruginous and the mon-ferra-

inous falls, sp. gr. 3699 (in fragments). It yielded to Pisani by analysis no less than
5'10 per cent. of Peridot. To the kindness of my good friend M. Marcou I am indebted
for this interesting specimen.

The second fall oocurred in India, near Mooltan, on the 17th October. The fall took
place at a spot about 12 miles east of Lodran. “ About 2 p. M. a loud report was heard
“in the sky to the westward, and immediately a cloud of dust rose from the ground. On
“going to the spot the mrolite was found. The sky was quite clear at the time.” This is
the account given by Captain Bond, District Superintendent of Police.

A portion only of the mass was obtained and forwarded. It is a very beautiful stone,
consisting of a large proportion of bright yellowish green olivine, the crystals of which are
imbedded in a kind of crystalline net-work of brilliant iron. The stone is at present being
analyzed, and the result will be given hereafter—T. O.

ACCESSIONS TO LIBRARY.

From 1sr OctoBER 1868 TO 31sT DECEMBER 1868.
Titles of Books. Dosnors.
BENEDEN, VAN AND GERVAIS, PAUuL.—~Ostéographie des Cétacés vivants et fossiles, comprenant
la description et I'iconographie du squelette et du systéme dentaire de

ces animaux ainsi que des documents relatifs & leur histoire naturelle,
Liv. 1. and Atlas, 4to. and Fol., Paris, 1868.

BiasBY, J. J.—~Thesaurus Siluricus. The flora and fauna of the Silurian period, 4to.,
London, 1868.

CHaNTRE, E.~—E’tudes paléo-ethnologiques ou recherches Geologico-archéologiques sur
I'industrie et les meeurs de I'homme des temps anté-historiques dans
}esggrd du Dauphiné et les environs de Lyon, 4to., Paris and Lyon,
Coxnares international d’anthropologie et d'archeologie préhistoriques, Liv. 1, 8vo., Paris,1868.
D’Avrox, D, E., vsD BurMEisTER, DR. H.—Der fossile gavial von Boll in Wurttemberg
mit bezugnahme auf die lebenden Krokodilinen nach seiner gesamnten

organisation Zoologish geschildert, Fol., Halle, 1854.
Evwior, Sie H.—~History of India, Vol. 1, 8vo., London, 1868.
.. GOVERNMENT oF IND1A.
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Titles of Books. Donors.

EzpmaNy, A—Exposé des Fom;ations Quaternaires de la Suéde, Text and Atlas, 8vo. and
4to., 1867.

DIRECTRUR-IN-CHEF DE LA RECHERCHE GEOLOGIQUE DE LA SUEDE.
Forix, L. pe.—Les Méleagrinicoles, espdces nouvelles, 8vo., Havre, 1867.
Hegg, Dr. O.—Flora fossilis arctica. Die fossile flora der polarliinder, 4to., Zurich, 1868.
Larter, E., and CrRIsTY, H.—Reliquize Aquitanice, Pt. VI, 4to., 1868.
LixpENscEMIDT, DE. L.—Dije Alterthiimer unserer heidnischen Vorzeit, Bd. II, Hf, 8, 9,
. 4to, Mainz, 1868.

Mazcou, Jures.—Notice sur les cartes geologiques de Victoria (Australie) et des iles Britaa-

niques, 8vo., Paris, 1868. THE AUTHOR.

MayEz, CHARLES.—Catalogue systématique et descriptif des fossiles des terrains tertiares
qui se trouvent au musée fédéral de Zurich, III, 8vo., Zurich, 1868.

ParapiLER, M.—Nouvelles Miscellanées malacologiques, Fasc. III, 8vo., Paris, 1868.
PrEIFFER, DR. L.—Monographia heliceorum viventium, Vol. V, 8vo., Lipsie, 1868.

PicteT, F. J.—Matériaux pour la paléontologie Suisse, ou recueil de Monographies sur les
fossiles du jura et des Alpes, Ser. V, I, 4to., Gendve, 1868.

Picter, F. J.—Melanges paléontologiques, Liv. 4, 4to., Gendve, 1868.

Rr1xwaLp, W. C.—Catalogue annuel de la Librairie Francaige, 8vo., Paris, 1868.

SurrH, R. Broven.—Mineral Statistics of Victoria for the year 1867, Fol. Melbourne, 1868.
OFFICE oF MINES, VICTORIA.

Vzexzo1y, E pE, ¥r LoRIERE, G. DE,—Description des fossiles du néocomien supérieur de
Utrillas et ses environs (province de Teruel), 4to., Paris, 1868,

Wessky, De. M.—Mineralogische Studien, Theil. I, 4to., Breslau, 1868.
Z1axo, Bag. A. pg,—Flora fossilis formationis Oolithice, Pt. V, Fol., Padova, 1868.

PERIODICALS.

American Journal of Science and Arts, Vol. XLV, No. 136, 8vo., New Haven, 1868,
Annales des Mines, Ser. VI, Tom. XIII, Liv. 2, 8vo., Paris, 1868.
L’ADMINISTRATION DES MINES.
Annals and Magazine of Natural History, 4th Ser., Vol. II, Nos. 9, 10, 11, 8vo., Lond., 1868.
Archiv fiir Naturgeschichte, 32nd year, Vol. II, 8vo., Berlin, 1866.
Engineer's Journal, New 8er., Vol. XI, Nos. 10, 11, 4to., Calcutta, 1868.
Geological Magazine, London, Vol. V, Nos. 9, 10, 11, 8vo., Lond., 1868.
Journal de Conchyliologie, 3rd Ser., Tom. VIII, No. 4, 8vo., Paris, 1868.
Journal of Travel and ﬁ?h&mlls]élgstory, edited by A. Murray, Esq., Vol. I, No. 5, 8vo.,
nd., 3

Neues Jahrbuch fiir mineralogie, geologie und palmontologie, Hf. 5, 6, of 1868, 8vo.,
Stuttgart, 1868.

Novitates Conchologice, Abth. I, Lief. 81, 32, and Suppl. IIT, Lief. 12, 18, 4t0., Cassel, 1868.
Paleontographica, XVI, 6, XVIII, 1, 2, 3, 4to., Cassel, 1868.

Petermann, Dr. A. Geoata hiulzlg%s Mittheilungen, 7, 8, 9, 10, of 1868 and Suppl. 24, 4to.,
otha, .

Professional Papers on Indian Engineering, Vol. V, No. 21, 8vo., Roorkee, 1868.

Majsor J. G. MeDLEY, R. E.
Quarterly Journal of Microscopical Science, New Series, No. XXXII, 8vo., London, 1868.

Quarterly Journal of Science, No. XX, 8vo., London, 1868.
Records of the Geological Survey of India, Vol. I, No. 3, 8vo., Calcutta, 1868.
GEoLOGICAL SURVEY oF INDIA.
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Titles of Books. Donors.

Revue universelle des Minee, de la métallurgie, des traveaux publics, des sciences et des arts
appliqués a I'industrie, Tom. XXIII, et XXIV, Liv. 3, 4, Royal 8vo.,
1868,

GOVERNMENT SELECTIONS, &o.

BENGAL.—Annual report on the administration of the Bengal Presidency for 1867-68.
GOVERNMENT OF BENGAL.
» Report of the Meteorological Reporter to the Government of Bengal for the
year 1867-68, with a meteorological abstract for the year 1867.
GOVERNMENT OF BENGAL.
BouBay.—Report on past famines in the Bombay Presidency, compiled by Lieut. Col.
A. T. Etheridge. GOVERNMENT oF BoMBaY.
» Selections from the records of the Bombay Government, New Ser., No. CVIII.
Papers relating to the introduction of settlement rates into fifty-three
vilﬂ}es of Kukkur Talooka of the Shikarpoor collectorate in the
province of Sindh. GoVERNMENT oF Bompay.

BerrisE BugMa.—Annual report on the administration of the province of British Burma
for 1867-68, by Col. A. Fytche.  CHIEF CoMME., BriTisH BurMa.
Civil justice report, 1867. Extract from the Proceedings of the Chief
Commissioner, British Burma, in the Home Department, No. 85.
CHirF CoMMR., BriTiIsH BURMA.
Education report of British Burma, 1867-68, by P. Hordern, Esq. Ex-
tract from Proceedings in Home Deémrtment, No. 277 A.
HIEF CoMMR., Brrrrsa Burma.

Report on the trade and customs of British Burma for 1867-68.

”
”»

”

Dirro.

Extract from the Proceedings of the Chief Commissioner in the Home Department,
No. 241. Public health and births and deaths, 1867-68.

”

Drtro.

CeNTRAL PROVINCES.— Report on the administration of the Central Provinces for the year
186;)68, by J. H. Morris, Esq. Govr., CENTRAL PRrOVINCES.

Inpia.—Adam’s reports on vernacular education in Bengal and Behar, edited by Revd.
J. Long. Govr. oF INDIA.

”

Report on the administration of the Hﬁdmbad Assigned Districts for the year

1867-68, by C. B. Sanders, Esq. Govr. oF INDLA.

Selections from the records of the Government of India, Home Department.
No. LXIV. Reports on the coal resources and production of India.

Govr. oF INDIA.

Statistical committee forms, to accompany the annual report of the province of

Ougdh. Govr. of INpI1a.

Geographical and statistical report of district Mohamed Khan’s Tanda, of the

Hyderabad collectorate, province of 8ind by Capt. D. Maodonald.

SURVEYOR GENERAL.

Mapras.~Selections from the records of the Madras Government, No. IX. Report on

vaccination throughout the presidency and provinces of Madras in

the year 1867. GovT. oF MaDERas.

Mysore.—Report on public instruction in Mysore for the year 1867-68.
CHier CoumB. MYSORE.

”

”

» Mysore statistical returns, 1867-68. Drrro.
» Report on the administration of Mysore for the year 1867-68. Drrro.
» Report on the revenue administration of Mysore for the year 1866-67. Drrro.
» Annual report on the administration of Coorg for 1867-68. Drtro.

Report on public instruction in Coorg for 1867-68. Drrro.
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Titles of Books. Donors.

N. W. Provinces.—Report on the administration of the North-Western Provinces for
. 1867-68. Govr. or N. W. ProviNcEs.

” Report on past famines in the North-Western Provinces, by C. E. R.
Girdlestone. Govt. or N. W. ProviNcks.

» Selections from the records of Government, North-Western Provinces,

2nd Ser., Vol. I, No. 2. Govr. o N. W. ProviNces.

Punsas.—Annual report on the meteorological observations registered in the Punjab, by
A. Neil. Govt. oF PuNJas.

» Hand-book of the economic products of the Punjab, with a combined index and
lossary of technical vernecular words, Vol. I. Economic raw pro-
guce, by B. H. Powell. GovT. oF PunJas.

" Report of the Inspector General of Dispensaries in the Punjab for the year 1867.
' Govr. oF PuNJas.
Pussas.—Report on the administration of criminal justice in the Punjab and its depend-
encies during the year 1867. Govr. oF FUNJaB.

" Report on the sauitary administration of the Punjab for 1867.
GovT. oF PuNsaB.

TRANSACTIONS OF SOCIETIES, &cC.
BerN.—Jahrbuch des Schweizer Alpen-club. Jahr. IV, with 5 maps, 8vo., Bern, 1868.
BeRLIN.—Zeitschrift der Deutschen Geologischen Gesellschaft, Bd. XX, Hf. 2, 8vo., Berlin,
1868. GERMAN GEoL. SocIrTy.
BosroN.—Memoirs read before the Boston Society of Natural History ; being a new series
of the Boston Journal of Natural History, Vol. I, Pt. ITI., 4to., Bos-
ton, 1868.
Carcurra.—Journal of the Asiatic Society of Bengal, Pt. I, No. 2, Svo., Calcutta,
1868. Pt. II, No. 4, TeE Sociery.
" Proceedings of the Asiatic Society of Bengal, Nos. 9, 10, 11, 12; 8vo.,
Calcutta, 1868. THE SocIery.
CaLirorN1A.—Geological Survey of California, Palrontology, Vol. IT, Sec. I, Pt. I. Tertiary
Invertebrate Fossils, Plates, Roy. 8vo., California. 1
DrrspeN.—Sitzungsberichte der naturwissenschaftlichen Gesellschaft, Isis, in Dresden,
Jahr., 1868, Nos. 4—86, 8vo., Dresden, 1868. THE SocIETY.
" Verhandlungen der Kaiserlichen Leopoldino-Carolinischen deutschen Akademio
der Naturforscher, Vol. XXXIV, 4to., Dresden, 1868.
THE AcaDEMY.
DusLiN.—The Journal of the Royal Dublin Society, No. 37, 8vo., Dublin, 1868.
. . THEE Sociery.
KoniasBERG.—Schriften der Koniglichen %h sikalisch-Okonomischen Gesellschaft zu Kn-
igsberg, Vol. VIII, Abth. I, IT, 4to., Kénigsberg, 1867.
Lavsax~e.—Bulletin de Ia Société Vaudoise des sciences naturelles, Vol. IX, No. 59, 8vo.,
Lausanne, 1866-68. THE SocieTy.
LoNpoN.—List of the Fellows of the Royal Society, 30th November 1867. THE SOCIETY.

v Philosophical Transactions of the Royal Society of London for 1867, Vol. 157,

Pt. II, 4to., London, 1867. THE SocIery.

» Proceedings of the Royal Society, Vol. XVI, No. 104, Svo., London, 1868,
and Vol. XVII, No. 105. THE SocikTy.

v Journal of the Society of Arts and of the Institutions in Union, Vol. XVI,
Nos. 820—29, 8vo., London, 1868. THE SOCIETY.

” Journal of the Royal Geographical Society, Vol. XXXVII, with maps, 8vo.,
London, 1867. THE SOCIETY.
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Titles of Books. Donors.
LoNDON.— Proceedmgs of the Royal Geegraphical Society, Vol. XII, No. 8, 8vo., London,
THE SOCIETY.

» Proceedings of the Royal Institution of Great Britain, Vol. V, Pts. III, IV, and
List of the Members, Officers, and Professors, 8vo., London, 1868.
"Tag INSTITUTION.

» Quarterly Journal of, the Geological Society, Vol. XXIV, Pt. III, No. 95, 8vo.,

London, 1868. Tmz Soc1ETY.

Moscow.—Bulletin de la Société impériale des naturalistes de Moscou, Tom. XL, Nos. 3, 4,
. 8vo., Moscow, 1867. Tm: Sociery.

Panis.—Bulletin de la Société Géologique de France, 2nd Series, Tom. XXV, Nos. 2, 3, 8vo.,
Paris, 1867-68. THE Socnrn
Pmmnnrm—Joumal of the Franklin Institute, Vol. LIV, No. 1, and Vol. LV, No. 6,
Vol. LVI, Nos. 1, 2, 3, 8vo., Plnl 1867-68 THER Ins'nm'rn

Sr. Louis.—Transactions of the Academy of Sciences of 8t. Louis, Vol. II, No. 3, with
plates illustrating papers, 8vo., St. Louis, 1868.
Sr. PeTERsBURG.—Balletin de I'’Academie impériale des sciences de St. Petersburg, Tom.
XIII, Nos. 1, 2, 4to., St. Petersburg, 1868.
WieN.—Denkschriften der Kaiserlichen Akademie der Wissenschaften, Mathematischen
Naturw. Classe., Bd. XXVII, 4to., Wien, 1868.
THE ACADEMY, VIENNA.
” Sitzungsberichte der Kaiserlichen Academie der Wissenschaften, Bd. LVI, Abth. I,
7—10, and Abth. II, 8—10, 8vo., Wien, 1867.
TaR Acu)nu, VIENNA.

Mar.

Floetz Karte des Niederrheinisch Westfilischen-Steinkohlenbeckens (Sections Herdecke, Lan:
gendreen, Herzkamp,) Fol.,, Berlin, 1868.
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OF THE

GEOLOGICAL SURVEY OF INDIA.

Part 2.] 1869. [(May.

ANNUAL REPORT oF THE GEoLOGICAL SURVEY OF INDIA AND OF THE MUSEUM OF
GEOLOGY, CALCUTTA, ¥UE THE YEAR 1868.

In reporting the p and doings of the Geological Survey of India during the year
1868, I shall take each branch of our labors in the same order as I have for :111‘;8 most {Jart
observed on former occasions.

Mr. W. T. Blanford has, during the whole of the year just past, been engaged with the
Abyssinian Field-force, sud since its return in-arranging and examining the large collections
he made during the expedition. Mr. Ormsby was compelled to leave for Europe early in
the year, having suffered from exposure to the tropical sun. And Mr. Charles Oldham left
on furlough in November. On the other hand, Mr. Tween returned to his duty in charge of
the Museum here. Mr. Foote resumed his labors in Madras, and Mr. Theobald in Burmah.
On the whole our numbers have been, during the past year, less reduced than usual in com-
sequence of ill-health.

At the commencement of the year, I erooeeded to the Madras Presidency to make
enquiry on the spot into the facts regarding the asserted occurrence of coal close to the town
of Juggiapett, or Battavole, near the Kistna River. For years it had been persistently
repeated that coal had actually been raised in that neighbourhood, and this statement was
maintained notwithstanding the fact that very many R)ersons, deeply interested in the result
and most anxious to con the discovery if possible, had visited the localities, but had
entirely failed to find any trace of evidence that coal existed or was likely to exist. Its
occurrence in this place would have been of such high importance, that I was desirous of
visiting the place as soon as practicable; I had also received from the Madras Government
an urgent request to enquire into the facts. This request had reached me at a time when
field-work was not practicable, but I had promised to Eo there as soon as possible. I left
Calcutta, therefore, early in January ; and accompanied by the original propounder of the dis-
covery, I visited carefully every locality which he indicated, and went generally over the
district. I regret to state that I found no trace of the coal-bearing rocks ; no signs of coal,
or of any of its usual accompaniments, nor was I able to see a single siot where anything,
in the slightest de leading to the conclusion that coal did exist there, could be found.
On the contrary, all these rocks are an unbroken and uninterrupted continuation of similar
recks which cover an enormous area in the districts of Kurnool, Kuddapah, and Guntoor
to the south, and which, thoroughly exposed as they are in their many folds, contortions, and
disturbances throughout this area, must have exhibited any beds of coal or coal-shale which
possibly existed. ~ But, neither in the Juggiapett country, nor over the many hundred square
miles to the south, over which similar rocks extend and which have all been carefully examined,
has any trace of such deposits been noticed. I was, therefore, compelled to believe that the
statement of coal having been found at or near Juggiapett was either based upon an inten-
tional deception pra.ctiseﬁ on the original observer, or was a delusion.

From the vicinity of Juggiapett, I proceeded southward, devoting some time to care-
fully testing the accuraﬁ of the geological mapping of a considerable area which had been
previously examined by Mr. C. Oldham and Mr. King, and returned to Calcutta.
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Towards the close of the year (December), I proceeded to Attok to examine the rocks
under the River Indus, through which a tunnel drift had been carried, with a view to determine
the practicability of enlarging this drift into a regular roadway. I had wished to accomplish
this work earlier in the season, but as the tunnel was full of water, and was not pumped out
until December, I was obliged to defer it. Having already reported in some detail on this
question, I need not here enter into the facts, further than to state, there appeared nothing
either in the structure or in the composition of the rock-masses to prevent the immediate
enlargement of the drift with perfect safety, provided proper precautions were adopted, and
the work were done at once. But that these precautions would render the cost of the tunnel,
when completed, quite as great as that of a first class bridge, and that even then the accom-
modation to the traffic would certainly not be as great as that afforded by a bridge.

Subsequently, at the request of the Government of the Punjab, I examined with some
care the of hills near Futtyjung, extending southward from Cheerat, and in which
petroleum had been obtained. I saw everything to lead to the conclusion that petroleum
would be found over a large area in these orbitolite limestone rocks, althougl.::rrobably not
in any very great quantities in one place. The best position for trials seemed fairly indicated,
and these I noted. The probability would seem to be that limited reservoirs of this oil will
be found at no great depth from the surface, although I am not very sanguine that they will
prove very extensive in any one locality. Similar rocks occur again in a rudely parallel range
to the east, and here also traces of earth-oil are seen; and it would a| very probable that
supplies will be found extending over a large area in this part of the Punjab.

An examination of the Dhurmsala district, and also of the Goorgaon distriet near
Delhi, was requested, with a view to determine the extent of deposits of kaolin said to occur in
each. Looking, however, to the inaccessibility of both and their distance from any markets,
which must prevent the economizing of this clay to any large extent; snd also to the fact
that, so far as any local demand existed, it was of no Importance to determine at the
present the erfent of these def)osits, their existence being known, I felt compelled to think
this enquiry was of vastly less importance than others. And that, so far as any question
of extent or amount of such deposits was concerned, a very much more satisfactory answer
could be given after the whole districts had been gone over than after a rapid visit to one
or two isolated localities. No mistake can be greater than to imagine that a geologist can,
by a sort of intuition, arrive at a knowledge of facts bearing on such questions. 'ﬂ:s can
only be acquired by a continuous and detailed investigation necessarily demanding time.

BeNGaL AND UrpeR PRroOVINCESs.—During the early part of the year just closed,
Mr. Medlicott was e in the investigation of the western and southern flanks of the
Garo Hills. So long since as 1842, Mr. Bedford, who had surveyed parts of this area,
announced the occurrence of coal in the hills bordering the Bramahpootra River at the
western extremity of the Garo Hills, near to a village called Harigaon, and other outero
-had been noticed further to the east in the Sumesurri River. The peculiarly favorab'i:
situation of these places, within easy reach of a great river, and in districts where fuel was
. otherwise not readily procurable, rendered it of high importance that the facts should be
-ascertained. It was known that the rocks which accompany coal in the Khasia Hills
extended to the west, and there was, therefore, a probability that the coal might also be
found to extend in the same direction. It had long been hoped that a topographical
survey of these hills would afford the means of recording cs.reflﬁfy the geological observa-
- tions, but as there appeared little likelihood of these hopes being realized within any reason-
- able time, and as meanwhile the question of the eastern and northern extension of the.
Eastern Bengal Railway was urgent, it was determined to examine the area, in such a general
way as might be sufficient, without entering into minute detail, to solve the question satis-
factorily of the probable amount and character of the coal which occurred there. Mr. Medli-
cott’s report on the results of his examination having been published (Records of" the Geolo-
ical Survey of India, Part 1,1868, p. 11), it is unnecessary to enter into any detail here.
t will be sufficient to state that he has shown that the spurious coal of the Garo Hills is
geologically distinct from most of that known in the Khasia Hills; that, in all cases, this
coal occurs near to the base of the whole stratified series within a few yards of the underlyi
crystalline rocks; while the coal itself is very poor, in one place mainly a resinous shale, in
another, a thick bed of dark stiff clay with insignificant strings of lignite through it.
Where in greatest quantity, it is described as a thick band of shale in the midst of which
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occurs the coal-seam: it is a §00d deal crushed, altogether about three feet thick, but very
unequally carbonaceous, being locally split by strings of clay and sand; and contains but
few thin strings of coaly substance. The mass of what would be extracted as coal is a highly
reginous batt or shale, full of small nests and strings of a kind of amber; it gives a woody
sound when struck, is very tough, and breaks with a large conchoidal fracture. It was obvi-
ous that whatever little use might be made of such deposits, if required on the spot, they
were practically of no value as a source of fuel for general purposes. It is most seriously
to be regretted that the statements upon which expectations of coal had been founded should.
have proved to be so fallacious.

Having completed the cursory examination of these rocks, Mr. Medlicott devoted some
time to a more careful examination of the Khasia Hills, for which portions of the topogra-
hical survey ma&s were ready. These very interesting hills had never before been visited
Ey any of the officers of the survey at a time when it was possible to examine the lower
arts of their steep slopes; and consequently, as pointed out long since, much remained to
ﬁe done, before we could suppose that we possessed any true knowledge of their structure.
Further, the full determination of the cretaceous age of the sandstones, &c., under Cherra
Poonjee, (Quar. Jour. Geol. Soc. London, 1863, p. 524, Oldham, on cretaceous rocks in
E. a]engal) which, in my own early description, in conse(iuence of their apparent con-
tinuity and conformity, (the fossils collecteg having been lost at sea) had been grouped
with the tertiary rocks above, rendered it necessary to carry out this separation in detail.
Mr. Medlicott has been able to do much towards this, and in tracing out these rocks has been
led to several very valuable conclusions, a brief summary of which has already appeared in
the Records of the Survey. As soon as the to phical survey of these hills 18 completed,
I hope to be able to have them examined in de%:)-.?i;ﬁf.ra

Later in the season, Mr. Medlicott having arranged for the several duties assigned to
the assistants under his charge, was uested to take up the very important geological
uestion of the extent and relations of the several series of sandstones, &c., associated in
ngal with the coal, as compared with those in Central India. With this object, making
a rapid traverse of the Ranigunj field, and passing westwardly by the Hazarcebagh fields,
he has carried out the section across to J ubbul&ore, and with very valuable results, which will
tend much to a clearer understanding of the different groups or formations. In a new country,
where the general relations of the rocks is quite unknown, it becomes necessary for each
observer to form for himself a classification of the rocks he examines, grouping them
into series or formations, and often giving to these sub-divisions local names. But as the
examination of the country advances, it not unfrequently happens that such classification is
proved to be of purely local type, and it is essential either to increase the sub-divisions or
to bring severaf together into one larger group. Mr. Medlicott’s traverse of this wide extent
of country will go far, I believe, to remove, in several cases, the limited amount of confusion
which had unavoidably arisen from the fact that previously the officers of the survey had
been working at distant and isolated points.

Mr. Willson has completed the detailed examination of the district of Saugor in the
Central Provinces, which he has connected with those of Dumoh and Jubbulpur to the east.
Unfortunately the want of maps of the country lying to the west of Saugor district has

revented the extension of our examinations in that direction, as I was very desirous of
oing, in order to join on the geological lines to those we have been for some time past
stemg.l

y carrying southwards through the Gwaliorand Rajpootana territories. The district
of Saugor is mainly composed of trappean rocks, which are,in this parallel, the most northerly
portion of the Great Deccan area of tlilese ancient volcanic rocks. These rest upon Vindhyan
rocks for the greater portion of their boundary.

Mr. Mallet has, during the early part of the year, completed the examination of the crys-
talline rocks of Bundlecund—being a continuation of his work of the previous year—so
far as the area occupied by these rocks is comprised on sheet 70 of the Indian Atlas. The
farther explorations of this yesr have rather induced Mr. Mallet to abandon the ides of
separating these rocks into twe series as was suggested in 1866-67. The evidence, however,
is even yet scanty, and not conclusive. And it must remain for more careful investigation
when better maps, on a larger scale, of the Bijawur area become available, The maps, at
present procurable, are too imperfect to admit of any close or searching examination and
record. ’
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During the recess, Mr. Mallet completed a full rexort on the Vindhyan rocks, so far
as that widely spread formation is known in northern India up to the present. A gemeral
map has been compiled to illustrate this. This report has been sent to press. At the com-
mencement of the working season in October 1868, Mr. Mallet proceeded to take up the
detailed examination of the eastern ﬁ:‘t of the Sone Valley, and is still engaged in that
area, I have already intimated to Mr. Mallet the necessity for greater activity in the field,
for looking both to the nature of the work dome, and of the country in which he was
engaged I felt disappointed that a larger area had not been satisfactorily examined.

Carrying on the geological examination of the Gwalior and adjoining territories,
Mr. Hackett was principally engaged near to the Byana hills bordering on Jeypur. The
geology of this area has proved intricate and interesting. The sections are unfortunately not
good(:g{eing cut up by Intervening flats of alluvium which conceal the rocks. Rock masses
of a peculiar character bave been found to intervene between the Vindhyan series, and
the metamorphic schists, which may approximately be taken to represent the Lower Vindhyan
and the Gwalior series. These are possibly the same rocks as those which stretch away
towards Ulwur, and if so, this will five a clue to the geology of the Aravali country.
The country around Byana is, as I have already said, rather intricate in structure, and
tedious therefore to work out, but I am not satisfied that a larger area might not have been
completed during the season. Towards the close of the year, Mir. Hackett resumed his labours
in the same or [tlge adjoining country, but has been stoiped by a want of maps. He has
since been engaged further to the south in tracing out the boundary of the Vindhyan and
trappean rocks to the east of the parallel of Neemuch, &c.

Mr. Hughes in the early of the year was engag:;l in re-mapping the small coal-
fields which occur detached near Kuroun in the district of rbhoom, and in revising with
better maps, the Kurhurbaree coal-field. It has been difficult to obtain any very satisfactory
information ding this field, for the old pits which were some years since worked by the
East Indian %ailway Company are now full of water, and there are few other workings in
operation. Any description, therefore, now given must be revised when the field is more opened
out. At the close of the year, Mr. Hughes was en.%ged in the examination of the Palamow
coal-field in Chota Nagpore. This might, Mr. Hughes thinks, be called in preference the
Daltongunj field. It proves very small in area, not more than about 30 square miles, and there
appear to be only two seams which can be worked, of which onlg one could at present be
profitably extracted. This varies considerably in thickness. At Rajbera, where it was formerly
worked by the Bengal Coal Company, it is eleven feet. It is of moderately good quality.
The rocks of the field belong entirely to the Talcheer and the Barakar groups. The
lithological character of the latter differs considerably from that of the typical rocks in the
Ranigunj field, being as it were intermediate between the Barakar and the Ranigunj groups.

Mr. Ball has been carrying on the geological examination of the districts of Singhbhum
and adjoining tributary states. He has been able to examine the copper-yielding rocks for
a distance of nearly 80 miles; has noted some additional details with reference to the mode
of occurrence of gold; and describes cases of excessive local metamorphism of the yo
rocks, reducing them to such a crﬁl:alhne ondition as to be entirely undistinguishable
lithologically from the old metamorphic rocks. Such cases are deserving of very careful
examination.

Mr. Ormsb{mhad, in the early part of the year, examined a considerable area of the
metamorphic rocks in Chota Nnigpore and Hazareebagh, but was unfortunately obliged to
leave for Europe in consequence of 1ll-health beforo thengose of the season.

Haﬁni very frequently had occasion to represent the importance of deputing a speci
officer of the Survey to the examination of the mines of Indis, and to the careful col-
lection of statistics regarding the quantity and value of minerals raised and brought to
market, I was glad to find thata gentleman, selected for this purpose, had been ordered to join
the department at the begi.nninghof the year. Mr. Mark Fryar, thus nominated as Mining
Geologist in connection with the Geological Survey of India, joined his appointment in this
country on the lst of May 1868. After a little time in Calcutta, Mr. Fryar was deputed
to the igunj coal-field, there to make himself acquainted with the coal-bearing rocks
of India, and the method of mining adopted in this, the most valuable, coal-field in India.
It was necessary that he should acquire a knowledge of the rocks as locally developed, which
would be useful in other localities, and indeed perfectly essential before he could safely take
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up any enquiry in a new and undeveloped district. Mr. Fryaralso, later in the season, visited
the Kurhur coal-field, when Mr. Theo. Hughes pointed out to him the several groups and
their characteristic lithological characters. Towards the close of the year Mr. was

uted to the Nerbudda valley, and to pass thence southward by Chindwarra to Nagpore
and Chanda, where Government had sanctioned the full and detailed examination by actual
sinkings and borings of the extent and character of the coal known to exist there. For this
P boring rods of best construction and borers have been despatched from England,
and the work will be taken in hands at as early a date as possible. Mr. Fryar has submitted
brief rts on the coal found at Lameta Ghat, Jubbulpore, and on the workings at the
Nerbudda Coal and Irom Co.’s colliery at Mopani. The localities must again be visited by
some one knowing the Indian rocks.

I hope that the necessary appliances for boring, &c., which have been sent for, will reach
this country before it be too late to do any thing this working season. Once commenced,
the investigations will be carried on systematically, so as to ascertain exactly the full extent
of area over which the coal beds extend and the thickness and nature of the coal itaelf.
The country is much covered with alluvial deposits, and excepting by actual trials it will be
impossible to say what the extent of the -fields may be, while the im; ce of the
locality taken in connection with the supply of fuel on the Nagpore branch of the Great
Indian Peninsula Railway and for other purposes, cannot be over-estimated.

It has not been found possible, with the reduced number of our staff, during the present
season to place any one of the officers of the survey in this part of the country, with a view
to trace out the extension of the coal-bearing rocks to the south from Chanda, if they do
so extend. It is probable that the further extension will be traced, although the evidence
seems tolerably conclusive that there is a continuous diminution in thickness of these rocks as
they pass to the south ; and it is highly probable that they will be found not to extend much
further than they have been already traced. We know that they have entirely disa d,
at about seventy miles in that direction, and steps will be taken at the earliest possi Ee date
to have the intermediate country examined. Beg:m of the occurrence of coal have frequently
been circulated, and recently it is stated to be in some quantity near Domagoodium:
but these reports have not as yet been confirmed.

When proceeding to the Ranigunj field, I my directed Mr. Fryar’s attention to the

very high importance of inducing, if possible, colliery proprietors to economize the
larrg{a amount of waste and dust coal which at present is a.ﬁowed to take fire and burn
away to no useful purpose at the pits. The iar structure of Indian coal renders the

proportion of this waste, produced in hewing, ln%r than in coal of a more homogeneous and
richer character, while fie very much greater brittleness of the s of rich jetty coal
as oomtred with that of the tougher lamins of earthy matter also adds to the proportion
of the better fuel, which is lost in the waste. I urged on Mr. Fryar to induce some of the
proprietors to make trial of mﬁnﬁﬁd compressing this waste and dust so as to form bricks
or cakes of fuel, and mentioned to him the success which had attended some experiments made
by myself, on the use of common rice water as a medium for a.gglutmahniethe mass. Several
trials were made and many bricks produced from washed waste, and, as I believe, good promise
of success was established. The system has not, however, as yet recommended itself to the
proprietors ; they believe that the expense and cost would not be repaid by the result, and
they have therefore not taken any steps to carry the trials further.

In the experiments I had myself made years since, and in those which were made by
Mr. ar during the past year, no sufficient pressure was available. And in consequence,
although the rice-water appeared to act very successfully, there was much too large a quantity
of it taken up. The result of this was the oomparativelg open and uncompressed texture
of the bricks, and when put on the fire they smouldered away rather than burnt. The
only pressure used was that of a very inferior brick machine, nor was anything like proper
attention paid to washing the dust before moulding.

I am quite confident that a very large amount of most valuable fuel could be with
profit economized in this field, all, or almost all, of which is at J)resent allowed entirely to go
to waste. I do not anticipate that it will ever be profitable, under the peculiar circumstances
of Indian fields, to adopt the suggestions thrown out by some who have never seen these fields,
of reducing all the coal extracted to fine powder by crushing, then washing, moulding’



30 Records of the Geological Survey of India. [vor. 1.

and baking into symmetrical blocks. But I am satisfied that much be made out of
the dust and -small coal, now wasted. The peculiar conditions of field render it
compulsory that all this should be brought to bank so that the only expenses to be incurred
are in the actual manufacture. It would surely be more profitable to reduce a portion
of this waste into the state of good useful fuel than to allow it to take fire and burn iteelf
to a heap of ashes.

Mr. Fryar's attention was also given to the utilization of the small coal and dust for the
production of coke, and with considerable success.

During the past year, a circular was addressed to the proprietors of collieries from this
office, urging on their consideration the vast importance of maintaining ‘mﬂmper under-ground
plans, pointing out very briefly the advantages to be derived from s And I was much
gnhﬁego find from the replies received from every one of the large proprietors that they not
only saw the advantages to be gained, but were determined to secure them. Careful plans
are now being made of most of the mines in the Ranigunj field ; plans of the workings in the
Kurhurbaree field will be commenced as soon as the workings there commence under the East
Indian Railway Company, and will be maintained. In the Nerbudda plans are kept. I look
upon this as a most gntifyi:f progress for a year or two. The largest coal proprietors in the

igunj field have not only engaged a qualified mining surveyor, but they have ordered all
their assistants to pass an examination in the use of the surveying comﬁa.ss, &c., and have
secured attention to this study by ining an increase of Rs. 50 per month to the salaries of
those who ma; . The same Company has also given an excellent example of progress by
ordering one of their own servants, and who, by their permission only, is also examiner of
steam-ship boilers under the Government of Bengal (Mr. Walker), to proceed each half-year
to their works to examine carefully and report upon, in detail, the condition, work, d);t y
and capabilities of every one of tﬂeir steam engines ; this report to be submitted previously
to each half-yearly meeting of the Company.

Mapgas.—In Madras Presidency, Mr. Foote was absent on medical certificate during
the greater part of the year. He only returned late in October. The remainder of the party,
Mr. C. Oldham and Mr. King, commenced the season’s work north of Ghooty, and marching
up to Kurnool, surveyed, as they passed along, a sufficient breadth of country outside of the
boundary line of the Kuddapah rocks, to ascertain the non-existence of any outliers of those
rocks in that neighbourhood, and to obtain a good general idea of the character of that area
of metamorphic rocks. It lPl‘OVOd to be chiefly an area of granitoid gneiss, with a few trap-
dykes, and some runs of fault-breccia; the prevalent directions of these being west-north-west,
with variation to north-west, and east-north-east, with a variation to north-east.

From Kurnool, the Surveyors passed across the hills to the east, by the Muntaval pass.
Mr. King separated from Mr. Oldham at Doopaud, from which he moved northwards, carry-
ing on his examination in connection with the survey of the previous season. Mr. Oldham
proceeded to the Kistna district to join the Superintendent.

Mr. King rejoined Mr. Oldham in the middle of February, and working first through
the Vinuconda talug, they thentgassed into the Palnad, and carried their geological lines up
to the Kistna River. Parts of this country are very difficult of access, wide areas quite unin-
habited, without roads and without any means of obtaining needful supplies. Much of the

logical structure is also intricate, and the district is at the same time very unhealthy.
m temperature during the pastéﬁyear was unusually high in April and May, and repeated
attacks of fever prevented the officers of the survey from carrying on their examination with
their usual vigour. They continued, however, at work until the beginning of June, when
Mr. King was compelled to grooeed to station. Mr. Oldbam went northwards and crossed
the Kistna, hoping to be able to complete a detailed survey of the Juggiapett country. A
part of this only could be accomplished, for the early and heavy i
ocompelled him also to leave the field about the middle of June.

Du:inf the autumn Mr. Oldham delivered at the Civil Engineering College in Madras
8 course of lectures on Geology. These were attended, and with marked regularity, by a
larger number of the general public than on previous occasions, while the engineering class
was also very attentive and interested in the subject.

reak of the monsoon
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When I left the neighbourhood of Juggiapett early in the year, as already referred to,
I had hoped that there would have been time to accomplish a detailed survey of that small
area, taken in connexion with the adjoining country, before the close of the season. As I
have just stated, the early and very severe setti.nglin of the monsoon prevented this. I regret
this the more, from the reiterated statements which have been made as to the existence of
coal in that vicinity. Mr. C. Oldham, in regrettini that he was compelled to give up the
attempt to finish the work at that time, says—‘1 was, however, able to trace out the succession
of the beds there for a considerable distance, and I had the opportunity of examining with
somewhat more detail than we were able to do, during our visit early in the year, the way in
which the rocks lie, and to convince myself (in entire accordance with your own conclusions)
that, certainly over the part of the area which I was able to survey, in which are some of the
localities where coal had been re; d, not only does none appear, but that the occurrence of
any thing like a workable seam of coal, unseen, 18 impossible. The rocke are singularly well
exposed and their succession very clearly seen. The general succession of rocks seen in the
Juggiapett area is, in ascending order, quartzite slate, limestone, schistose slates, and over these
upper slates, in the hills to the south, comes apparently another set of quartzites.” The two
lower groups, Mr. C. Oldham is inclined to refer to the Kuddapah series of rocks; and the
limestone with the slates above it to the newer Kurnool group. There is apparently uncon-
formity between the two series here, as in many other places. The Kurnool rocks cover a

ares in the Palnad, and the two limestones with associated shales, are seen separated °
by quartzite, (the ‘ Paneum’ quartzite of the survey) ; this is locally of considerable thickness
and forms a very well marked bed, but elsewhere it thins out to a couple of feet
or even disap altogether. The lower limestone of the Palnad is apparently identical

with that which covers so very large an area near J uiﬁapett, although the actual continui
of the two still remains to be traced. Much of the limestone would form a very durable an

excellent building material, and several of the beds would yield a handsome ornamental marble,
being veined in different colours, chiefly buff and pink.

Chipped stone implements were traced up to the Kistna district. On the Muntaval
pass, one was extracted from hard solid laterite.

From Bezwara, Mr. C. Oldham visited a small area of sandstone at Tunglamoody,
about 14 miles south-south-east of Bezwara. These sandstones there form a rising ground or
hillock of no great extent. They are quarried for use in the adjacent country, where many
temples have been built of them. No ?ossils were traceable, but from the general character
of the rocks, Mr. Oldham considers them as belonging to the same group as the plant sand-
stones further to the south, to some of which they bear a IE::at resemblance. Further, while
marching back to Madras from Guntoor, he noticed similar sandstones and some porcellanic

" ghales in several places near to Yinkolu, and south of that along the road : and at Razpoody
a considerable amount of them is exposed, chci’zgly a greyish and yellowish shaly sandstone.
These beds are quarried to some extent for I building purposes. The great resemblance
lithologically of these rocks (shaly sandstones, and porcelain-like shales) to those in the
neighbourhood of Sripermatoor, in the Madras district, is striking. Mr. C. Oldham thinks
all these belong to the same series, and thus we have, at a distance of 450 miles from where
we first found them in the Trichinopoly district, remains of a series of deposits once continu-
ous, and the connection of which is now only indicated by the many detached areas of the
same beds, which have been traced by the survey in the South Arcot, North Arcot, Madras, and
Nellore districts.

BomBay.—The Bombay pal;f of the surveiehas been during the whole year under the
charge of Mr. A. B. Wynne, Mr. Blanford being, during all the time, absent with the
Abyssinian Field-force. The party was engaged in the examination of Cutch, of which ares
about one-half has been very carefully oomileted. The reported occurrence of coal, said to be

- in workable quantity, was one reason which demanded a careful investigation of the rocks
and their relations. But the principal interest connected with the investigation of Cutch cen-
tered in the fossils, which occur there in considerable abundance. Along with others, very well
preserved remains of peculiar plants occurred, easily recognizable, and giving a very marked
Sacies to the flora of these rocks. This was characterized by the predominance of various
forms of Cycadem. These same forms of Cycadez had been found in abundance in Bengal,
at the opposite side of the Indian peninsula, and in many places near to Madras, far to the
south. f:stbe Rajmahal Hills no associated beds occur from which the true geological horizon
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of these plant-bearing rocks could be made out, while in Madras t.Enr‘o;sidency also, although the
succession clearly established that these rocks were not younger the cretaceous formation
there developed, there was (equally as in Bengal) no possibility of fixing their lower limit in
geological time. In Cutch these plant-bearing beds, on the oonem?, were said to occur asso-
ciated with rocks rich in marine foesils, well preserved, and the geological epoch of
which was well marked and readily determinable. But although undoubtedly associated with
the marine fossiliferous beds, the mode of this association was still uncertain. Captain Grant,
the original describer of the province, left it doubtful; while Mr. W. Blanford, during a
cursory visit to of Cutch, was led to believe that the plant-bearing rocks were actually
intercalated with the others. The facts, as resulting from Mr. Wynne's very careful and
detailed examination, ‘;fpear to be that a very few and very imperfect remains of plants do
ocour in layers distinctly intercalated with the truly marin:mﬁda, and have probably been
drifted into these localities from shores adjoining the seas in which the mollusca, now found
fossilized in these beds, then existed. But as a whole the beds in which the well-marked
Pal@ozamia occur are decidedly younger than those containing the truly Jurassic Ammonites
and other characteristic fossils ; and that they constitute an upper zone, but belonging to the
Jurassic period. These very important results will be illustrated in detail in Mr. Wynne's
reports.

Mr. Fedden has been engaged with Mr. Wynne in this careful examination of Cutch,
and has more especially devoted himself to the portion of the province oocupied by the

tertiary rocks.
Very extensive and valuable collections of fossils have been made by this party of the
survey, and transmitted to the Museum.

BurMaH.—Mr. W. Theobald, Junr., havmq returned from absence of leave, resumed
the examination of British Burmah towards the close of the year. The time which elapsed
up to the end of the year has been too brief to admit of any great progress. The country
under examination has been that portion of the Prome district which stretches between the
Eastern or Pegu Yoma and the Irrawaddi, and lies to the north of the Toung Raweng
stream. This will, when finished, ooll:';ﬁlebe the whole of the Prome district east of the Irra-
‘waddi. T confidently hope that we shall now be able to complete the examination of all British
Burmah soon. The results at best are unsatisfactory from the absence of any sections ;
.and any attempt at classification of the rocks can 2111( be of the largest kind. The whole
country is too much covered to admit of any great detail. .

PusricatioNs.—During the year under report, we have commenced the issue at stated
intervals of a new series of publications called the “ RECOBDS OF THE GEOLOGICAL SURVEY OF
Inp1a.” These are printed in smaller type and on thinner paper (for free transmission by
post) than the more detailed Memoirs, but of the same size, so that they can on completion
of 8 volume be bound with these. It is contemplated to issue a number every three months,

ing four numbers or parts in the year. It was impossible, however, to commence the
issue until after several months of last fyear had passed, and therefore, for 1868, only three
- pumbers appeared. In explanation of the object with which this series has been commenced,
1 may quote here from the brief Prefatory Notice which accompanied the first part. “This series
will contain a notice of the current work of the surve up to date; a list o contributions to
the Museum or Library ; a list, and occasionally an analysis, of such books published elsewhere,
as bear upon Indian Geology; and, generally, of all facts illustrati tge immediate object
of our researches, which may from time to time come to our knowledge.

The three numbers issued in 1868 have contained papers on very varied subjects;
coal, gold, copper, fossils, and several local descﬁf‘tl:ive papers, which have proved of much
interest to local officers; also lists of all additions to Library, &c., during the year.

1 am happy to say this new series of publications, although necessarily issued with very
few illustrations, has already attracted much interest, and I think will prove very useful.

Of the MEMOIRS OF THE GEOLOGICAL SURVEY OF INDI4, a very valuable part has been
issued, containing a full report on the geology of the lower parts of the Nerbudda and Taptee
Valleys by Mr. W. T. Blanford. The delay involved in the preparation of the necessarv
illustrations for this paper caused it to appear later than I ha.dp hoped. In the same part is

“also a detailed description of the structure and anatomy of the very curious little frogs long
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known to be found in some thin papery shales near Bombay. To these Professor Owen had
in 1847 given the name of Rana pusilla. More careful investigation, and more perfect
specimens, show that these strange little frogs belonged to the existing genus Oxyglossus.

Mr. Blanford's report includes all the country lying between the parts already described
b{ Mr. J. G. Medlicott (see Vol. II, Memorrs Geol. Survey of India) and the Gulf
of Cambay, and thus completes a geological section right across the peninsula to the neighbour-
hood of Bombay.

This part completes Volume VI of the MEMOIRS OF THE GEOLOGICAL SURVEY OF INDIA.

Of the figures and descriytions of Indian fossils, included in the Palieontologia Indica,
the second half of the description of the Cretaceous Gastropoda was issued in October. This
contained four fasciculi, and being ready at that time, I was enabled to issue it in advance,
80 as to carry the publication up to October of the present year. The danger of loss, the
facility of destruction or injury, and the delay in transmission, of the smaller fasciculi, render it
preferable to issue the whole series due for a year at once, if this be ready.

The description of the Gastropoda, concluded in these parts, was carried out to the close
with the full detail to which I specially alluded in my last report.

Much progress has been made in the preparation of the needful plates for the illustration
of the Bivxﬁves, the group which will be published next.

At the request of several local officers we have, during the year, furnished brief
geological descriptions of their districts, which they needed for statistical accounts, descriptive
reports, &c., &c.

LiraRY.—During the twelve months of 1868, we have added to our library 1,766
volumes, or parts of volumes, of books. Of this total 508 were presented or received in
exchange for the publications of the Geological Survey from Societies and other institutions.
We continue to maintain our catalogue of these books up to date, and in the new series
of our quarterly publications (THE RECORDS) a complete list is given, in each part, of those
reeeiveq? during tﬁe preceding three months. It is hoped that this announcement being sent
to the several Societies from whom the presentations have been received will suffice as an
acknowledgment, and will thus obviate the necessity of separate communications.

We are quite as seriously inconvenienced in our Library arrangements, by the want of
sufficient space, as in the Museum. The books are necessarily placed in double rows and often
far too crowded in their cases. This renders it impracticable to be as careful of them as
might be, and also seriously interferes with facility of consultation or reference. To give fair
room for all we would require at least double the number of cases and shelves we have
at command.

To this report is appended as usual a list of the Societies and Public Institutions from
which the Geological Survey of India has received donations or exchange of publications
during the year 1868.

In my last report I stated that the literature of Geology, Mineralogy, Paleontology, &c.,
had of late years so vastly increased that it was impossible to maintain our library effect-
ively from the small sum annually appropriated to such purposes and I am happy to be
able to state that an increase to this sum has since then been sanctioned.

MusruM.—Up to the close of the year we had not received all the series of fossils

rocured during 1867 in Europe, in connection with the purchase of the Klipstein collection.
%ut few now remain to be received, and I hope to be in possession of all at an early date.

During the year, I had the advantage of the aid of Mr. Geoff. Nevill in arranging,

preparing, and cataloguing these fossils as opportunity offered for opening and examining
them fn many cases, the want of space has rendered it necessary merely to open, examine,

check, and pack up alfn'm, box after box, as we have not space in which even to arrange, much
less exhibit, our collections. Three additional rooms have been given up to the museum,
and this will afford a certain amount of relief, when we have been able to procure cases.
During the year more than 6,000 specimens have been catalogued.
We have returned to the Central Museum, Madras, the Cretaceous Gastropoda which they
had been good enough to lend us for examination and description, and we have added to the
b
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list as complete a series of duplicates of this group of fossils as our collections could afford.

. I think local museums should especially, and in preference to any more general illustrations,
seek to render their collections specially rich and illustrative of {ocal Natural History, and
my desire has been to place in the Madras Museum the best series of duplicates which could
be selected from the very interesting and valuable collections of Trichinopoly fossils made
during our geological examination of that district in the Madras Presidency. %ith a similar
object, I also sent to the Museum at Rajamundry as complete a series as our collections
would afford of the interesting tertiary fossils found close to that town, carefully named,
and with accurate references; so that those interested might have some good data for com-

arison, if they had the opsortunity of adding to these local collections. We have also
sm-ing the year examined and named for several persons specimens and small collections.

From the officers of the survey working in Cutch, the collections have received very large

additions; among which are man specimens. The other parties of the survey have

not been e in richly fossiliferous districts. Mr. Medlicott has brought a series
from the Khasia Hills, and a few have been received from Burmah.

MeTeoRITES.—To the noble collection of meteorites in our Museum have been added
during 1868 specimens of the fall of Pultusk, 30th January, 1868: of Klein Menow,
7th of October, 1861: of Perth, 17th May, 1830; of Ornans (Doubs), 11th July,
1868 ; and of Lodran near Mooltan, 17th of October, 1868, being five in all. Of one
of these (Klein Menow) our collection contained a minute fragment before, but we have
now obtained a very splendid specimen. The others are all new to our series. For the
very rare specimen from Perth, I am indebted to the friendly kindness of Mr. Wm. Nevill,
G(Hd.m'm%, Surrey, from whom also I procured the Klein Menow specimen. To my
good friend M. Jules Maroou, Paris, I owe the specimen of Ornans, while the oonh-ibution

of that from Pultusk was among the latest communications received from the able Director

of the Imperial Mineral Cabinet at Vienna, Dr. M. Hornes, since deceased. This was onl
one among a very numerous and long-continued series of friendly communications, in whic!
1 have ever experienced the most hearty and graciously rendered support and co-operation

i}"r{q_m the Austrian Geologists, and from none more warmly than from the greatly regretted
Srnes.

A small map is as usual appended, showing roughly the areas of which the geological
examination has been completed, or is now in progress, in connection with the survey.

TroMAs OLDHAM,
GzoL. SURVEY OFFICE; } Supdt. of Geological Survey of India, and ‘
CALCUTTA, March 1869. * Director of GQeological Museum, Calcutla.

List of Societies and other Public Institutions, &c., from which Publications kave been
raceived in donation or exchange for the Library of the Geological Survey of India
during the year 1868.

Lonpor.—Royal Society.
» Royal Institution.
» Royal Asiatic Society.
» Geological Society.
» Geological Survey of Great Britain and Ireland.
» Boy:fl School of Mines. )
» Royal Society of Arts.
» +  Royal Geographical Society.
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DusLiN.—Royal Society.
” Royal Geological Society.
EpiNsureH.—Royal Society.
Grasgow.—Geological Society.
CorNwarL.—Royal Geological Society.
VieNNa.—Kais. Hof Mineralien Kabinet.

K. K. Geologischen Reichs-Aunstalt.
Kais. Akad.

er Wissenschaften.
DRESDEN.—Naturwiss. Gesellschaft, Isis.

BerriN.—Deutschen Geologischen Gesellschaft.
BrESLAU.—Schlesischen Gesellschaft fiir Vaterland. Kultur.
MunicH.—Ko6n. Bayerischen Akad. der Wissensh.
Moscow.—Société Iy

mpériale des Naturalistes.
SWEDEN.—Bureau de

recherche Géologique.
Norwav.—Royal University of Christiania.

Par1s.—Comm. des Annales des Mines.
» Société Géologique de France.
Di1soN.—Acad. des Sciences.
CAEN.—Société Linnéenne de Normandie.
Bere1um.—Academie Royale des Sciences, Bruxelles
NEUCHATEL.—Société des Sciences Naturellés.
LausaNNE.—Société Vaudoise des Sciences Naturellés
ZuzricH.—Naturforschenden Gesellschaft.
TuriN.—Royal Academy.
GoRTTINGEN.—Konigl. Gesellschaft Wissenschaften.

GeRMANY.—Leop. Carolino Acad. of Sciences.
CoPENHAGEN.—Danish Academy.

PHILADELPHIA.—Franklin Institute.

» American Philosophical Society.
» Academy of Natural Sciences.
BosToN.—Society of Natural History.
AuAERST, Mass.—Museum of Compar. Zoology.
SaLeEM.—Essex Institute.
W AsHINGTON.—Smithsonian Institute.
New Haven.—Connecticut Acad. of Arts and Sciences.
ToroNTO.—Canadian Institute.
Vicroria.—Q@eological Survey.
» Office of Mines.
Carcurra.—Asiatic Society of Bengal.
» Agri-Horticultural Society.
” Indian Annals of Medical Science.
BoMBaY.—Branch of Royal Asiatic Society.
RoorkEE.~—Thomason Coﬁiﬁe of Civil Engineering.
Governments of India, Madras, Bombay, Bengal, North-Western Pro-
vinces, Chief Commrs., Oude, Central Provinces, B .
Great Trigonometrical Survey of India.



NoTE on PANGSHURA TECTA, and lwo other species of CHELONIA, from the newer tertiary
deposits of the Nerbudda Valley, by FERD. STOLICZRA, PH. D., Paleontologist, Geol.
Surv. of India.

While engaged in the examination of the tertiary ( P pleiocene) deposits of the valley of
the Nerbudda river in 1858, Mr. W. Theobald, Junior, obtained, among other fossils, a
few remains of CHELONIA which are of great interest as throwing light upon the then
existing representatives of this reptilian order.

Mr. Theobald described these deposits at some length in a paper “On the tertiary
and alluvial deposits of the central portion of the Nerbudda valley” (Memoirs, Geol. Surv.,
India, Vol. IT, p. 279). He distinguishes two groups of beds, an upper and a lower. To
both of these a large number of the fossils is common, but Mr. Theobald is inclined to
think that those of the upper group may have been, partially at least, derived from the
denudation of the lower group. The beds of this lower group are more fossiliferous than
the others, but they can only be examined where they are exposed in the banks of the
Nerbudda river itself, and in tgose of a few of the larger tributaries. The same author also
gives a list of land and fresh-water shells found in these beds. Many of the species noted are
still met with recent, and some appear to be identical with those determined by
Prof. Ed. Forbes from the Sevalik strata (see Falconer'’s Palmont. Mem., Vol. I, p. 389).
Of the vertebrate fossils also, several species are common to both the Nerbudda and Sevalik
strata. Still some peculiarities in the ﬁfmvine and Pachyderm types have been pointed out,
which seem to show that the deposits of the Nerbudda vaﬁey are younger than those of the
Sevalik hills. On this point it is difficult to arrive at any definite conclusion from the
examination of the fossils alone. The comparatively larger number of Bovines in the
Nerbudda beds, as contrasted with the Pachyderms, the absence of Mastodons, &c., may be
due to local causes. And further, the number of fossils as yet known from the Nerbudda is
small, while from the Sevaliks, which have been examined more in detail, we have a large
number of well determined species. The only question is, whether all the fossils which have
been described from the Sevaliks really belong to one series of beds only, or whether they do
not in reality represent somewhat distinet horizons (the Nahun series, the upper and lower
Sevaliks, &c.) It is certain that no particular attention was paid to these divisions when
the earlier collections were made. Much is therefore still left to be worked out, both in
the Nerbudda and in the Sub-Himalayan country.

In the present note I shall direct attention only to the Chelonian remains from the
Nerbudda valley. Mr. W. Theobald, in his report quoted above, repeatedly states that
Chelonian remains occur throughout the lower group, but that they are rare as compared
with those of the Mammalia (see pp. 289, 290, 202).  Besides these remains of Chelonia I am
not aware that any other reptilian remains have been met with in the Nerbudda beds,
although Saurians and others most probably existed within that area, as they do now, and
as they did already during the time, aud in the area, of the Sevalik deposits.

These Chelonian remains are referrivle to three species; one, which is sufficiently
reserved, has been identified with the recent Pangshura tecta, and, of the three other
Fmgments, one appears to belong to a recent Batagur, and the other two to a Trionyz.

I shall give first a short description of these remains, and then add a few words
respecting the conclusions resulting from this examination.

PANGSHURA TECTA, Bell, sp., Plate 1, Figs. 1, 2.

Emys tectum, Bell, Monog. Testudinarum.

» tecta, Gray, Illustrations of Indian Zoology.

» INamadicus, Theobald, 1860, Mem. Geol. Surv., India, Vol. II, p, 295.
Pangshura tecta, Giinther, 1864, Reptiles of India, p. 33.
Emys tecta, Falconer's Pal. Memoirs, 1868, Vol. I, p. 388.

The shell of Pangshura tecta* has an elongated oval form. The centre of the back
is elevated, more or less distinctly carinate, the sides are rather flattened and slope at an
angle of about 45°, which increase up to 50° towards both ends. The carapace is anteriorly

¢ [ have adopted here the change in the sgeciﬁc name, fecta, 88 being more in accordance with the gencral
system of nomenclature, although Bell said that Gray had misquoted the name fecta instead of tectum, the roof of a
house, which was intended to express the general form,
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about equal to, or a little shorter than, the sternum, and slightly emarginated ; posteriorl
it is obtusely rounded, and at the marginal shields more or less distinctly serrated. posteriorly

In the specimen figured on Plate I,—which was discovered by Mr. W. Theobald
at Moar Domar in the Nerbudda valley,—the carapace agrees in every respect with that of
the recent species, as will be shown by giving the necessary details of its structure. To
facilitate a careful comparison, I have also given a drawing of one-half of the dorsal and
ventral views of the carapace of a small specimen, procured living in the neighbourhood
of Calcutta. These drawings are intended to illustrate not only the epidermoid %ut 180 the
osseous shields. Proper attention is seldom given to the latter 1n zoological works, although
in paleontological researches they are of greater importance than the former.

The fossil figured is not perfect, the posterior portion of the carapace not having been
found ; but the rest of the shell is quite sufficiently preserved to admit of careful comparison
for specific identification. The general form of this fossil is, as already stated, exactly the
same as that of recent specimens.

Epidermoid plates.—The nuchal shield is very small, narrower anteriorly than posteriorly.
All the five vertebrals are obtusely carinated in the middle, and the first three become
successively more and more elevated at the posterior end. The first vertebral is pentagonal
with an obtuse projecting angle in front, slightly emarginated at the sides, narrow and
truncate behind. The second vertebral is about the same size as the first, also pentagonal
truncate at both ends, considerably narrower posteriorly than anteriorly, late mlly'
at one-third of the length from the front edge, widest and angular. The third vertebral
is the smallest, but the highest of all, pentagonal, truncate in front, angular at the
sides, after which considerably produced posteriorly, becoming gradually narrower and
terminating with an obtuse point. The fourth vertebral is bell shaped, very much
Prolonied, joining the third with an obtuse point, then becoming gradually wider until
1t reaches anout three-fifths of its length, after which it narrows again, terminating with a
truncate side, about one-half of the greatest width of the shield. Of the fifth vertebral only
the anterior portion is preserved, showing it to be truncate in front and quickly widening
teriorly. e sides were probably obtusely pointed and the posterior termination truncate
roader than the anterior, as in recent specimens. In these the sides of the fifth vertebral
are sometimes pointed, sometimes distinctly truncated. Costal or lateral plates are five, all
being transversally elongated and of a more or less irregular pentagonal shape. They
entirely agree with those of living specimens, as is equally the case with the marginal shields
which are eleven in number on either side. The serration of the posterior marginal shields’
remains to be properly recorded if better preserved specimens should be discovered, for neither
is it distinctly traceable in the figure given by Dr. Murchison in Falconer's Pal. Memoirs.

On the ventral side we have first to notice a pair of small, triangular, posteriorly pointed
gular shields. To these follows a pair of larger, subquadrangular post-gulars ; then a pair of
rather high pectorals, next to which are the abdominals, being the largest, and then the other
shields of normal size. The axillaries are comparatively small, posteriorly pointed, the
inguinals large anteriorly, on the external side obliquely truncate. The longitudinal ridge
which connects each axillary with its corresponding inguinal is very distinct, sharp and
slightly longer than in most recent specimens. The plastrum is distinetly concave, probably
a little more so than in male specimens, as usually met with about Calcutta.

Osseous plates.—The distribution of the osseous plates, as is well known, does not agree
with that of the epidermoid shields. There is a very large nuchal plate and a very small
caudal, the latter not being preserved in our specimen. There are ten small vertebrals, the
last (the largest) not being seen in the fossil, but the other nine perfectly in their
relative proportions and in their relations to the epidermoid shield with those of live
specimens. The costal shields are eight; the first is the broadest, with reference to the
longitudinal diameter of the carapace; all the others are very narrow. The number of
marginals is eleven on each side.

On the plastrum we have a pair of subquadrangular gular shields, to which follows a
pair of very large pectorals, these four shields enclosing in the middle a single, suboval post-
gular; there is besides a pair of very large abdominals and one pair of smaller anals. The
axials and inguinals are not separated from the pectorals and abdominals respectively.

No portions of the internal skeleton, as the extremities, &c., have been found preserved.
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The epidermoid plates in Pangsh. tecta, and other allied species, are subject to a great deal
of variation, which is especially considerable in the form of the vertebral plates, occasionally
so much so that they cease to be of specific importance. The most variable are the
first and the fifth vertebral plates. In the Indian Museum there exists a remarkably large
specimen of Pangsh. tecta from Cachar. Its first vertebral is gianta.gona.l, the second quadran-
gular, third rather large, of regular form, fourth very large, bell shaped, the fifth is three-fifths
of the length of the former, of almost equal width ughout, truncate in front, suNn%ldar
laterally, and obliquely pointed posteriorly, while, as a rule, it is truncate behind (see fig. 2, pl. 1).
There are twelve marginals on each side, instead of eleven, the tenth being divided by a furrow
in continuation of the suture which separates the fifth costal from the fifth vertebral. The
caudals are very small.

Comparing the epidermoid shields of some of the specimens of P. tecta with those of
Pangsh. tentoria, it is by no means easy to point out any very remarkable distinctions, but
the latter species can be always recognised by its broaz depressed back, the sides of the
carapace being distinctly convex, and the general form of the shell more elongated. (See
Theobald's Catalogue of Reptiles, etc., Jour. Asiat. Soc., Bengal, Extra No. 146, 1868, p. 14).
Giinther's figure of Pangsh. tentoria is by no means characteristic, being almost undistin-
guishable from that of P. tecta.

The costal shields are, on the contrary, much more constant, and they do not api-ear to
vary essentially in allied species and genera. In all the species of Pangshura which 1 have
examined they were arranged quite identically.

Mr. Theobald proposed for the specimen here figured the new specific name “ Namadicus,”
while Dr. Falconer, in an essay already written in 1844 (see Falconer's Pal. Mem., Vol. I,
1868, p. 382), had identified another specimen found in the Sevalik strata with the recent
species. The examination of the Nerbudda specimen has strongly confirmed Dr. Falconer's
investigations; that celebrated naturalist summing up his results in the words, “that we are
not justified in constituting a difference where we cll:) not find it.” Judging from all the
solid parts of the carapace, it cannot, I think, be reasonably questioned that the Nerbudda
and the Sevalik fossils, as described by Dr. Falconer, are both of the same species, and identical
with recent specimens of that s&ies. It might, of course, be said by some naturalists that
the fossil specimens may have been, for instance, quite differently coloured, and this would
be sufficient to constitute a specific distinction. Such hypotheses cannot, however, be admitted
as having any value in pointing out specific distinctions of fossils.

I have no doubt that the specimen from which Dr. Falconer’s description was taken
is a true Pangsk. tecta, but it seems very doubtful that it was the identical specimen figured
by Dr. Murchison on Plate 32 in Falconer's Pal. Mem., Vol. I. I have little doubt that this
last one is also a Pangsh. tecta, but it can scarcely be the identical specimen which Dr. Fal-
oconer described. Dr. Murchison (in a note on page 382) pronounces tEe figured specimen to
be the original of Dr. Falconer's description, but when writing the explanation to the plate
some of the differences must have struck him, and here he leaves the identity of the
specimen doubtful. On 383 Dr. Falconer says, with reference to the first vertebral,
(of the epidermoid coat), ““the exact form is not distinctly seen, though it seems to converge
Jess * * *” TIn the fizure two-thirdg of the first vertebral are broken off, and no con-
vergence is perceptible. Farther, the author says, “ the outline of the fourth scute is not
dishn?:ishabe in the fossil, and the fifth one is wanting.” In Dr. Murchison’s figure the
fifth shield appears ierfectly ed. With regard to the fourth vertebral scute there is an
error in Dr. Murchison’s h%nre The draughtsman has in place of the outline of the
epidermal shield marked the outlines of three osseous plates, and of these he does not seem
to have given the outlines quite correctly. The fourth epidermoid vertebral scute extends over
three complete osseous vertebrals and an additional one-half, or nearly that, on either end (see
g;l, fig. g). It is important to point out this distinction, thougi every one, looking at

. Murchjson’s figure, will readﬁy notice that some mistake of that kind must gave
occurred. For no Emys or Pangshura possesses seven scutes in the epidermoid covering,
and if intended as a representation of osseous shields, the number is, as I have already
stated, too small. In spite of this discrepancy and the somewhat strongly bi-tuberculated
second vertebral scute, I can hardly think that the specimen figured by Dr. Murchison
belongs to any other species than Pangsh. tecta.
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BaTAGUR 8P., conf. DHONGOKA, Gray. Pl I, Fig. 3.
Giinther’s Reptiles of India, Ray Soc., 1864, p. 42.

One right abdominal osseous shield has been found in the conglomeratic beds near the
village Omeria. This abdominal osseous shield is 108 m.m. long and 94 m.m. broad in
the region of the inguinal process. Its form, the flat surface and the outlines of the
junction of the abdominal and pre-anal shields, of the inguinal and of the sdjoining marginal
on the external side, entirely agree with the form of the same shields of the recent Balagur

dhongoka. Further materials are, however, necessary to show whether this supposed identi-
fication be correct.

The species occurs at present throughout India, especially in the larger rivers, and it is
found up to the present time in the Nerbudda. Judging from the size of the fossil shield,
the specimen to which it belonged must have been about one foot long ; specimens much
larger than this are met with alive now in India.

TRIONYX 8P., conf. GANGETICUS, Cuvier, Pl 1, Figs. 4—5.
Giinther’s Reptiles of India, Ray Soc., 1864, p. 47.

The two fm%:wnts which are referrible to the above srmes consist of the largest
portion of the left lower inguinal plate, and a fragment of one of the bony (sternal) processes
with broad longitudinal furrows. The rugose surface of the inguinal plate entirely agrees
with that of M gangeticus, and this is the only reason which can at present be
brought in support of the presumed identification of the fossil with the recent form. The
thickness of the plate shows it to have belonged to a large specimen. These two fragments
were also met with in the conglomeratic bed near Omeria. Trionyx gangeticus is found at
the present time living in most of the large Indian rivers, especially in the Ganges and its
tributaries.

‘We bave thus up to the present three species of Chelonia upon record from the newer
tertiary fluviatile its of the Nerbudda valley. These all belong to forms which live in
fresh water, and so far agree with Mr. Theobald’s conclusions, derived chiefly from a con-
sideration of the shell-fauna, that there are no traces of an{ estuary or brackish-water
deposits. Of these three Chelonia we muy accept with the highest probability the identity
of Pangshura tecta with the existing species, and the great mmxfan ilarity of the other two
to existing species is also unquestionable. The Chelonia, gti'obably unnoticed by man, appear
to have changed far less in the lapse of time than the Mammalia. The Pangshura tecta,
and probably two other species (not yet known to occur in the Sevaliks proper), have
then continued to exist unaltered, from the time of the Sivatkerium, Mastodon, various
Elephants, Hippopotamus, Colossochelys and others, down to the present time. The
ch: in the conditions of climate, &c., may not have been t, and if the species of
reptiles survived these changes man surely would have been able to do the same, had he
existed at that early date. That he did so exist, and that he was a contemporary of the
Colossochelys, as Dr. H. Falconer suggested long since, we have no reason to doubt, although
as yet we may not be able to adduce any direct proof of the fact.

EXPLANATION OF Prate 1.

Figs. 1, 1a, 1b; dorsal, ventral and front views—half the natural size—of the carapace of a
fossil specimen of Pangsh. tecta from newer tertiary conglomeratic beds near
the vﬂgage Moar Domar in the Nerbudda valley.

Figs. 2 & 2a; dorsal and ventral views of half the carapace of a recent specimen of the same
species ; (natural size).

Fig. 3 ... Ventral view of a right abdominal osseous shield of a species closely
allied to, or identical with, Batagur dkongoka, Gray, from the same beds as
Fig. 1; (half of natural size). .

Fig. 4 ... Portion of the sternal process of a species closely allied to, or identical with,
Trionyx gangeticus, from the same as the last; (half of natural size).

ig. 5 ... View of a fragment of the inguinal plate of the same species as the last, and
Fig . from the same locality ; (natural sizeg.



SERTCH OoF THE METAMORPHIC ROCKS OF BENGaAL, BY H. B. MEpLICOT, A. B, F. G. S,
Depy. Supt., Geol. Survey of India.

From the descriptions of the earliest geological observers in India it has been
known that large areas are occupied by metamorphic and submetamorphic rocks. It might
not appear from its publications that the Geological Survey had given to these formations
their due share of attention. But such an inference would be far from correct: coloured
maps of large districts might long since have been published, with a general description of
the lithology and of the superficial stratigraphical features; and specious analogies might
have been drawn with the ‘fundamental’ rocks of other countries; but any such accounts
would be illusive without some definite judgment upon the structure and relations of the
several rock-groups. The following notice is a brief abstract of observations made by me
during two seasons (1862-63, 1863-64) spent on these rocks, from the watershed of the penin-
sula near Jubbulpur, in an east-north-east direction, to Monghyr on the Ganges, a direct
distance of more &um 400 miles. Those who have any knowledge of the difficulties attend-
ing the investigation of such rocks will at once understand that my explanations can be only

tentative. .
The broad promontory round which the Ganges turns at Rajmahal is the termi-
nation of a t expanse of gmeissic rocks. Here, throughout its eastern extremity, for
nearly 100 miﬁ:,a the gneiss is covered and bounded by the Rajmahal Trap, with its asso-
ciated plant beds (jurassic), locally underlaid by other members of our Indian Stratified
Series; and various outliers, of irregular shape and size, of these latter deposits, comprisi
our best known coal-fields, are scattered over the area to the west; but from the Raymah
boundary the gneiss is continuous for 400 miles to the west-south-west to where it passes
under the Great Deccan Trap (supra cretaceous) of the Mundla plateau. From the south
extremity of the Rajmahal Trap the general boundary of the metamorphic area extends to the
south-south-west. Across the middle of the area a straight line might be drawn for more
than 150 miles from north to south, continuously on crystalline rocks.

Throughout the greater portion of the northern boundary (the region to which my
observations more especially refer), and with few exceptions wherever rock is more ex-
Eosed, the gneiss is in contact with submetamorphic rocks—slates, schists and quartgites.

he exceptions are where, only very locally, the Lower Vindhyans lap on to the gneiss, and
where the crystalline rocks themselves extend through and beyond the otherwise regular and
oontinuous run of the schists. This latter case is a most important one ; it occurs in about
the middle of the region, and is connected with an interruption of nearly 80 miles in the
run of the schists, dividing them into two separate areas, and introducing all the doubts
and difficulties of identification. In the western area the submetamorphics are continuois
along the south side of the Sone valley and into the Nerbudda valley, and are throughout
the whole extent bounded on the north by the great Vindhyan range, the strata of which
rest totally unconformably upon the schists. In the eastern area, in Behar, the slate series
appears in detached groups of hills more or less isolated in the deposits of the Gangetic
plain; the principal of these hills are those of Rajgir, Kurrukpur, Ghiddour, Bheowa,
and Mahabur. There is perhaps a presumption that the analogous rocks in the two divisions
of this great zone are closely related, but many circumstances combine to complicate the
question of identification : in the western area the rocks are principally argillaceous, and the
metamorphic products of such ; while in the east, quartzose deposits largely predominate.
Again, this break of continuity is coincident with the eastern extremity of the immense
spread of the Vindhyan rocks, and thus, through a general analogy of composition, the pos-
sibility was at first suggested (the crystalline rocks not being mnecessarily all of one period)
that tie quartzites of Rajgir, &c., might be altered Vindhyans. This supposition may, I
think, be quite set aside : the Lower Vindhyans near their eastern limit rest quite unaffected
upon the granitics; and the most peculiar and characteristic beds of the Lower Vindhyan
series are most extensively developed in this position, yet there are no rocks among the
submetamorphics of Rajgir that would even approximately rejresent them specifically.
There is, on the other hand, no inherent difficulty to the general equivalence of the suz-
metamorphic series in the two regions, in the fact of there being much difference of
composition at so considerable a distance. It need hardly be stated that only the leading
relations of the rocks are to be noticed : no fossils have as yet been discovered in any of
them, and no detailed work has as yet been attempted.
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The superficial relation of position—a great spread of crystalline, fringed by sub-
metamorphic rocks—is already variously suggestive: the rival leading questions would
be—to what extent are the crystallines granitic and intrusive, thus determining the pre-
sent limit of*the schists ? or, if the crystallines are in the main gneissic and themselves
metamorphic, how far may the %resent limitation of the submetamorphic series as a fringing
deposit be an original feature? No satisfactorily one-sided answer can be given: the facies
of the crystalline rocks is emphatically gneissic (metamorphic); there is also ample evidence
of granitic intrusion in the rocks of both series; yet, owing to theoretical scruples,
and to deficiency of data, the residual phenomena are so numerous that no approxi-
mately final judgment can be put forward even as to the main relative ages. It is time,
however, that our difficulties should be ventilated. The lie of this great band of slaty
‘rocks, on the south of the Gangetio valley, and followed up, as it is, by the next suc-
ceeding deposits of the Vindhyan series, suggests at first sight inferences as to the possible
substratum of the great alluvial formation, as to the inducing conditions for the great area
of erosion or of depression, and as to possible relations to the rocks on the north of the plains,
in the Himalayan region. But, whatever independent interest these large structural features
may retain, such speculations as those mentioned are in a great measure negatived by the
appearance to the north of the Vindhyans in Bundelkund of a large area of thorough
gneissic rocks ; and again, in Behar, in the small group of the Barabar hills, well to the
north of the Rajgir range, we find very massive gneiss of most ancient aspect.

I must here briefly recall to notice some observations I made in 1856-57 in a
neighbouring part of India (published in the 2nd Vol. of our Memoirs) as bearing upon
the question before us. To the north-west of the Sone valley, and separated from it by
the long eastern prolongation of the Vindhyan formation, there is the large area of crystalline
rocks of Bundelkun%a; it is bounded on three sides by the Vindhyans and on the fourth
by the Gangetic plains. Along the south-east border of that area there appears a strip
of semimetamorphic rocks—quartzites, limestone* and slaty strata, with contemporaneous
trap, rising from beneath the Vindhyans. I described them as the Bijawur formation.
They are in many places seen to rest abruptly upon a flatly denuded surface of the gniess
of that area. The bottom rocks in this position are peculiar quartzites, often compact and
brecciated, and massive cherty limestone; but along portions of the boundary the usual
Bijawur strata are underlaid, with at least approximate parallelism, by very non-descript
gneissoid strata. The demarcation between these and the true gneiss is, naturally, very obscure ;
and it was not then possible to work it out; but there are locally some intercalated
beds of quartzite-sandstone that effectually betray the stratigraphical affinities of these
indeterminate strata to be towards the Bijawur rocks, and totally distinct from the true

iss, to which they seem in the relation of an ancient superficial covering. We shall see
that probable representatives of the Bijawur rocks occur both in the Sone valley and in
Behar; and that thus we may at least get a hint as to the relative ages of the gneiss of the
two areas.

A large ﬁuart of the submetamorphic area of the Sone valley is occupied by rocks
that would well represent the Bijawurs—ferruginous slaty schist with quartzite, limestone,
and much contemporaneous trap. They are much more disturbed than in Bijawur; it is
even probable that they are aflected by certain tgmnitic intrusions. The uncertainty upon
this and upon other unsettled points regarding their relation to the main crystalline area to
the south is largely owing to the presence of another older series of slaty rocks in the Sone
area. Tha Bijawur deposits are known to be somewhat fickle, but unless they are so beyond
-all possible conjecture, there can be little doubt of the existence of this older series. In
some of the best sections, notably in that of the Rehund, there is a clear transition from the
coarse fels})sthic gneiss, through well marked stages of crystalline metamorphism, into a
series of fine clay-slates, with plenty of intrusive ﬁeenstone, but in which none of the
characteristic Bijawur rocks can be recognised. ere decided Bijawur rocks come in
contact with the gneiss there is no such intimate relation between the two. Now that
maps of this ground are available there is some prospect of our being able to unravel these
'obscure questions.

The hills formed of the submetamorphic rocks in Behar appear generally as
_precipitous ridges of quartzite, either singly or massed together in groups. Even in the

* The limestone of W which I had doubtfully deseribed as an outlier of the Lower Vindhyan limestone
has since been shown by Mr, F, R, Mallet to belong to thp Bijawur uyles.

c
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latter case the inner vallies are so deepl{ eroded that it is often difficult to get a sight of
the softer rocks contiguous with the hard quartzite. The Rajgir group is the most
removed from the main orystalline area; the rocks are less altered than elsewhere; and
it presents the best chance of discoverinﬁ the normal order of succession ‘of the strata.
It cannot, however, be said that the strata here are less disturbed than elsewhere ; although,
on the whole, the strike of the ridges and of the rocks is very constant to north.east by east,
the state of contortion could not well be aggravated short of presenting a t brecciated
agglomeration. There are some sections in which there seem to be sev hundred feet
of quartzite in regular succession. At some points also the fine slaty schists nt a very
wide outcrop without any admixture of quartzite. E:?ift very locally at the contact of
the two there is no appearance of interstratification. It will presently be seen how essential
it is to the geology of this whole region to ascertain the true order of suocession of these
two bands of strata. Some of my colleagues have considered the quartzite to be the bottom
group; the supposition would alleviate some of our difficulties, and there are no doubt
ccases in which the schist now overlies the quartzite; but a close examination of the ground
does not permit me to adopt this view; I consider that there is here but one great band
of quartzite normally underlaid by a considerable thickness of argi us strata. There is
only one spot at which these Rajgir rocks are seen in contact with others: along the whole
south-east face of the range (at least at the several points at which I crossed it) nothing is
seen immediately external to the quartzites; at about a mile from the base on this side there is
one small outcrop of massive granitoindnfneiss. On the north-west side the schists are very
generally exposed ; and at about the middle they form a wide fringe of low hills, on the
outer margin of which, near Ghunsura, there is one good contact-section of the schists with
‘a strong mass of granite. The relation is unmistakably one of intrusion; there are small
protrusions and ramifying offshoots from the granite into the sedimentary rocks, and enclosing
a:gu]ar fragments of them. The general effect on the schists is very noteworthy: there is
little of what is usually considered as h ne metamorphism ; the line of contact is
sharply defined, and the schists tend rather to assume a homogeneous, trappoid as
than a foliated, quartzose, granitic one; the granite of the intrusions has lost much of its
quartz. Elsewhere to the west, at Sapineril, Putturkati near Gya, and Muhair, and in
other isolated outcrops, these re-actions are exhibited on a much larger scale ; idols and utensils
are extensively wrought from the soft serpentinous rock of the converted schists; and some of
the granite dykes yield a fine kaolin, the only considerable use made of which is to adulterate
lime.

To the south-east of the Rajgir hills the Bheowa range stands on the border of
the crystalline area ; and further south, across the narrow valley of the Sukri, rises the fine
hill-mass of Mahabur, well in amo:l.g the crystallines, and overlooking all the high land
to the south. Ome cannot resist identifying the t quartzites of these ranges with those
of Rajgir; and at Mahabur we again find a thick underlying series of fine schists. There
are, however, considerable to be taken into account: all the rocks are more metamor-
phic than those of Rajgir; the quartzites are frequently full of small innate mica; and the
schists are fine mica-schists, garnetiferous, and often with much globular felspar, but
still the very kind of metamorphic rock that one might expect from the slaty schists of
Rajgir; and they are very markedly distinet from any variety commonly associated with
the gneiss. Round the base of Mahabur I did not succeed in finding a section showing
even an approximate contact with the surrounding rocks; but on the north flank of
the Bheowa ridge there is a fair example of what the general relation of the two series
in this region may be. At the north end of the Hurkur pass there are several fine domes
of granite; they are excellent instances of a form of rock that is of frequent occurrence
all over the gneiss area; a more or less faint foliation is generally traceable in it, and
it never shows any attempt to throw out dykes; it would seem nevertheless highly probable
that it is in some manner intrusive; the partial foliation (as Mr. Scrope has maintained)
being due to traction in the viscid mass. The case before us is about the best evidence that
oould now be given in favor of such intrusion: one of these domes occurs close up to the
ridge of quartzite, and the two rocks show distinct re-actions at the contact; the ite
bas lost its usual coarse porphx'ritic texture; the quartzite is more than usually
with mica, and has a steep underlie from the gramte; at the lower levels traces of the
schists were observed. If the sll:})ﬁ)osition that forces itself so strongly upon our judgment
‘be correct, that these several hill-masses are remains of a once continuous formation of
argillaceous, succeeded by quartzose, deposits, there could be no doubt left of the truly
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intrusive character of these sub-gneissoid granitic masses. On the same supposition the
features of these Behar rocks, as thus far desoribed, would fall well into harmony with
generally received notions upon the process of hypogene action,—that these southern

rtions of the formation, being contiguous to the main region of hypogene activity,
E:ve undergone general metamorphism ; while that portion at a distance from the centre
exhibits special and partial intrusion, with a corresponding degree of metamorphism.

I must now attempt to exhibit those rock-features of the district which can
scarcely be brought within, or which would seem anomalous in, the partial view that has
been represented. The former are encountered in the sub-metamorphic rocks, and the latter
in the gneiss, although it seems possible to bring them under one explanation. At about
twenty miles to north-east by east, exactly in the run of the Rajgir range, and having the
same strike, are the small hills of Sheikhpura. They also are s:iucipally formed of quart-
gites in considerable thickness. Some of these could not be distinguished from those of
Rajgir; many beds are tinted red, a feature not noticed in the Rajgir rock; and on the
southern ridge there are schists distinctly intercalated with the &u:.rtzita. But the fact
most irreconcileable with the view taken of the Rajgir series is that these Sheikhpura
quartzites are certainly bottom-rocks. Along the whole face of the ridge over the town they are
admirably exposed in contact with a coarse granmitoid rock of very doubtful aspect. It is
80 thoroughly decomposed and 8o massive that one might readily fail to detect its true character.
The quartzite, too, 18 steeply inclined against it, the beds in contact being of abnormal
texture, and in a manner amalgamated with the surface of the rotten adpseudo-cr talline
rock. The seotion, however, at once reminded me forcibly of those I had seen eight years

reviously at the base of the Bijawur series in Bundelkund. This eo?;ecture made at
gheikhpura was fully confirmed ten miles further on in the same direction, where some small
hills appear on the banks of the Kiul close to the railway station of Luckieserai. The
northern hill is formed of a coarse conglomerate, large and small sub-angular pieces of
uartzites (I noticed none of crystalline rocﬁs) in a matrix of gneissose schist; the dip is
° to south. The southemr{ill, only about 80 yards distant, is principally formed of an
amorghous pseudo-granitic rock ; but in it also strings of abraded detritus can be detected.
On the south side this mass is overlaid by quartzites of precisely the same description and
in the same manner as in the section at Sheﬁ(hpum. This section at Luckieserai most
strikingly ressembles some in Bundelkund, 400 miles to westward; and the rocks are so
g;culia.r that whatever else is doubtful in the Behar region, I am disposed to regard it as
ed that the Luckieserai beds arestrictly geological representatives of the Lower (or rather,
Infra) Bijawurs. Now, the question is, can these belong to the same formation as the Rajgirs P
There are several suppositions possible: I may have mistaken the true order of the rocks of
Rajgir, but this I am least inclined to admit; or, the real bottom rocks may not appear
anywhere in the Rajgir sections, the junction at Ghunsura having cut through them; or,
both may be bottom-rocks in their separate localities—how far are we at liberty to impose any -
fixed order upon the deposits, especially as the Bijawurs, which are in a manner our
standard of comparison, are known to be most changeable on the same apparent horizon.
Asif to close this last mode of escape, or to push it to the uttermost, there occurs at Bichua,
withiq two miles to the north-east of Luckieserai, a considerable hill, much larger than
those just noticed, composed entirely of fine ferruginous schists, exactly like those of
Rajgir or of Muhair; it is quite isolated in the alluvium. There still remains to be
tried the supposition we found necessary in the Sone Valley—the presence of two distinet
series, but more or less resembling each other in general metamorphic condition. To apply
this supposition in the Behar region brings us into difficulties with the gneiss of the
main crystalline area : in the Sone district the Bijawur representatives would certainly be
the youtgar of the two series there present; and in Behar, too, from what has been so
far stated, we should start with the same view; but here we find that the series which we
have independently assimilated to the Bijawurs identifies itself most closely with at least one
common form of the great gneiss of Bengal.

The Kurrukpur hills form the largest of the Behar groups. The general features
are very similar to those already noticed; steep ridges of quartzite rising from the low
ground on all sides. Schists occur abundantly within the range. The contortion of
the strata is excessive, just as in the Rajgirs. Gneiss appears close to the base on
the east and south sides; and on the west and north granitic crystallines occur within
short distances. The Ghiddour range lies to the south-west of the Kurruckpurs, between
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them and the Bheowa ridge; here also the general appearance is similar to that of the
other principal hill groups.

Upon these general considerations of similarity of structure, position, and to a great
extent of composition, one would not hesitate to suppose the rocks o¥ all these eastern groups
to belong to the same formation as the Rajgirs &c.; 1t is the conflicting evidence of the bottom-
rocks, as already noticed, that would suggest a doubt—in the best sections I have seen at
the base of the Kurruckpur and Ghiddour hills, the rocks near the great quartzites
resemble those of Luckieserai. Although it would still be possible that there are two
series of equal nitude, and so closely resembling, yet quite distinct, the presumable un-
likelihood of such being the case would quite outweiih all the difficulties to their complete
identification ; and it is only on the supposition of the sections to which I allude proving
deceptive that I would venture to suppose there being any separation at all among
these rocks, further than what may exist between the groups described in Bijawur
to which I would then consider them parallel. The case I would explain is well exhibited
at the east end of the Ghiddour range: for some distance a low flanking ridge follows the
curve, and close to the base, of the great cliff of quartzite; it is principally formed of a coarse
schist-conglomerate, sub-angular pieces (some are six inches across) of quartzites undistinguish-
able from those of the cliff, even to the peculiar innate mica; still the rock is thoroughly
metamorphic, with the Eebbles firmly soldered to the matrix. The underlie of this rock here is
80° to 50° westwards, thus apparently underlying the rocks of the range above. Atthe south-
east angle, however, instead of following the run of the range westwards, it trends awa{ to
south and south-east, with very low dips, and completely identifies itself with the simi ar!iy

gneiss, schist and subordinate quartzite that cover so much of the low ground.
I have little doubt in identifying these rocks with those at Luckieserai; and it appears to
me more than doubtful that they truly underlie the Ghiddour quartzites. There 13 ample
evidenoe on record of younger, apparently passing under older, deposits ; and without involving
the inversion of either. On the strengt{ of their much more advanced type of metamorphism,
these gneissic rocks ‘at the base of the Kurruckpur and Ghiddour ranges have been
considered altogether more ancient than the rocks of the hills; but if the suggestion now
made be confirmed, that order will have to be completely reversed.

The same conjecture occurred to me fron an independent point of view in the
neighbourhood of Mahabur. Within about a mile of the east end of this ridge, right in the
axis of its strike, we find these associated layers of tough mica-schist, hornblende-schist,

oiss, and subordinate quartzite, covering considerable areas at low undulating angles of

isturbance. I was quite unable to conceive how such rocks could have been where they are
‘at the time when the great quartzites were so intensely plicated, and the schists below them
received their steady cleavage. The foliation of the Khlmbur schists is cleavage-foliation ;
that of those other rocks is strictly lamination-foliation. This mechanical objection is at
"least as valid as the chemical one to which it is opposed, and which would Jefermine the
relative ages by relative metamorphism. But, indeed, there is little to choose between on
this score here, for the Mahabur schists are often gneissose, containing much felspar.

In connection with this question of relative ages, it is necessary to notice the
structure of the ranges as related to their distribution. Their isolated positions are not
simply due to denudation: it is certain that the matter removed from between them at
their present common level consisted in great of crystalline rock. Uniform as is the
general strike of the ridges, the termination of the ranges does not present a serrated front;
the quartzites of the outer longitudinal ridges are bent round in a sharp regular curve, form-
ing a continuous ridge of equal or greater elevation at the curve, with a precipitous external
face, and generally an equally regular converging internal underlie. ’.lPhis il:za.tm'eis more
especially well marked on the eastern aspect. In the larger groups there are internal
features of the same kind ; the contortion presenting a two-fold system of corrugation, one
of which (the east-west one) greatly predominates, producing the marked longitudinal out-
line of the ranges. The cleavage and its foliation in the schists have been observed to follow
these same curves. It was partly upon this evidence in the Rajgir group—that one can
walk from any one ridge to any other without crossing a band of the schists w&.i_ch appear so
frecly in the enclosed valleys—that I inferred the supraposition of the quartzites. The
drainage of these internal valleys does not take place endways, but by narrow gaps cut
through the longitudinal ridges of quartzite. Outside the hills granitic rocks are sometimes
seen in front of these abrupt terminations of the quartzite ranges. Thus it would seem as
if the existing masses of the sub-metamorphic rocks had occupied areas of locally greator
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depression at the time of the first great q;nniﬁc invasion ; and that to this we may owe
their ultimate preservation as hill ranges. The feature is well exhibited in Mahabur: the
axis of the range would strike up a reach of the Sukri, and on each side of the river there
is an elongated oval of granitoid rock, as of denuded domes. The characteristic arrangement
of the doubtful gneissic rocks is also better shown here than anywheré I could mention:
they ap: as regular concentric coati to the granitoid masses. The area on the south
is less elevated, and the diverging dips of the covering rocks range from 5° to 20°; on the
northern area they are much steeper as if exposed lower down on the sides of the mass they
envelope, but the regularity of the encircling ring is unbroken, and of the same description
of rock as on the south, but in thicker masses. gpon the usual evidence of regularly alter-
uating stratification of highly contrasting materials, it is not, I presume, to be. questioned
that these are true detrital accumulations remineralized; and it might, I suppose, be
maintained on the strength of some misunderstood process of hypogene intrusive action thas
they may have underlaid the Rajgir formation; or it might even be said that the strati-

phical features of the Mahabur region suggest such a relation. But from the evidence
Et?ore us, I confess to a preference for the contrary supposition: it would require that after
the t disturbance and metamorphism of the Rajgir series the whole area was
denngziato 8 much greater extent than now, and that upon the surface thus exEcud
these accumulations took place, probably of some arkose-like materials, very susceptible to
mineral reorganization. Such must have been the composition of the bottom-infra-Bijawurs.®
In this Behar area, however, there is ample evidence of a later granitic invasion: in the
southern tributaries of the Sukri there are fine sections of great granite dykes traversing all
the rocks transversely. This granite is very different from that already noticed; it is highly
crystalline ; in the centre of the dyke the felspar and %llartz form a coarse graphic granite,
with associated schorl and beautifully plumose mica. e view I have proposed would imply
a prodigious relative antiquity for the Rajgir formation.

The views that have now been presented in oconnection with the submetamorphie
series have manifestly very direct bearing upon the rocks of the great gneissic area. Suppos-
ing the conjecture regarding the extensive representation of the peculiar iufra-Bijjawurs to
be correct, there would be four principal geological divisions to be discriminated and
mapped, exclusive of all later granites, &c. lsf. There would be the gneissoid granite,
which would seem to be largely present, to be distinguished from true metamorphic gneiss.
I should despair of settling this point without the extensive application of microscopical
analysis of the rocks ; indeed it remains to be seen whether even this test would furnish
a cniterion, whether the crystals of such a rock would not assimilate more to metamorphic than
to fully igneous products. 2nd. It is more than probable that associated with that granite we
should find a most ancient gneissic formation long anterior to the metamorphism of the
Rajgirs, and possibly equivalent to the gneiss of Bundelkund. 3rd. We should probably
fmtf remnants ome Rajgirs in their gneissose form. On this point there is some inform-
ation at hand : far within the great crystalline area, near the Grand Trunk Road north of
Burhi, there is an inlier of mcal Mahabur (Rajgir)schists. If they always remain so
characteristic there will be no difficulty in recognising them. Even here they are attended
by the encircling ring of variable quartzites, having high converiing dips towards the
schists, which occupy the lowest ground in the neighbourhood on the banks of the Barrakar.
The quartzites form a narrow ricfge round them, and would belong to our next division.
4th. There would be the hypothetical infra-Bijawurs. The establishment of this series
would probably relieve our field work of some perpetually outcropping difficulties, especially
in the shape of isolated, discontinuous runs of quartzites and breccias. But apart from these
more characteristic beds, I could not now assign a lithological criterion for this series gen-
erally : as has been seen they even simulate granitic masses. Great irregularity and discon.
tinuity is one of their features; although frequently presenting excessive contortion, as if when
caught between two resisting maeses, they are generally comparatively little disturbed; and
what disturbance they exhibit seems to be larﬁel determined in direction by local circum-
stances, resulting ingreat irregularities of dip. In Bundelkund, where they were first detected,
these beds seem to have but little extension; but in Bml they seem to occupy large areas :
I have observed rocks of this description in far distant localities of the great gmeissic area. -

Janaary 1869.

* As s more recent lel for such kind of deposits, I would refer to the felspathic beds of the lower Vindhyans
as exposed in western , to south-west of Kutumbeh.
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ing coal. GOVERNMENT OF INDIA.

Selections from the records of the Government of India, Home Department,
No. LXIX. Papers relating to Cattle Diseases.

”

”

GOVERNMENT OF INDIA.

Ditto  ditto, No. LXVIL. Note on the state of education in India during
1866-67, by A. P. Howell, Esq.

GOVERNMENT OF INDIA.

»” Annual Report on the operations of the Post Office of India for the year 1867-68.
GOVERNMENT OF INDIA.
Mapras.—Selections ﬁ-om the Records of the Madras Government, No. X. Annual Report
of the Madras Medical College, sessions 1867-68.
GOVERNMENT OF MaDRAS.

o, Report on the administration of the Madras Presidency during the year
. 1867-68. GOVERNMENT OF MADRAS.
MrysorE, Coora.—Statistical Returns, 1867-68. ° CHier CoMMR., MYSORE.
N. W. Provinces.—Report on insects destructive to woods and forests, by R. Thompson, Eeq.

Govr. oF N. W. ProviNCES.
General Report of the Revenue Survey operations of the Upper Circle
for seasons 1867-68. Cor. J. E. GASTRELL.

PuxNsaB.—Hand-book of the economic products of the Punjab, with a combined index and
glossary of technical vernacular words, Vol. I. Economic raw

”

. produce. GOVEERNMENT OF PUNJaB.
»  Report on popular educstion in the Punjab for the year 1867-68, by Captain
"33 R. M. Holroyd. (GOVERNMENT OF PUNJaB.

”

Report on pub].w administration in the Punjab and its dependencies for the year
867. GOVERNMENT oF PuNjas.

. Report on the pohoe administration of the Punjab and its dependencies for the year
'1867-68 GOVERNMENT oF PuNJas.

»  Report on the adnnmstmtwn of Civil Justice in the Punjab and its dependencies
during the year 1867. GOVERNMENT oF PuNJas.
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Tstles of Books. Donors.
PuNiaB.—Selections from the records of the Government of the Punjab and its dependencies,
New Ser. No. 1. Notes on the Bunnoo district, by Major H. B.
Urmston, Deputy- Commissioner. GOVERNMENT OF PUNJaB.
Selections from the records of the Government of the Punjab and its dependencies,
New Ser. No. 2. Mem. on routes from Punjab to Eastern Turkistan,
by T. D. Forsyth. Report on route to Karakash river vi4 the Chang-
chenmoo valley and Pass, by Dr. Cayley. GOVERNMENT oF PuNJasb.
»  Report on the Revenue Administration of the Punjab and its dependencies for
1867-68. GOVERNMENT OF PUNJaB.

TRANSACTIONS OF SOCIETIES, &C.

BosroN.~Annual report of the Trustees of the Museum of Comparative Zoology at Harvard
College in Cambridge, together with report of the Directors, 1866.

Senate No. 62, 8vo., Boston, 1867. RUSTEES OF THE MUSEUM.

» Conditions and doings of the Boston Society of Natural History, as exhibited by

the annual reports of the Custodian, Treasurer, Librarian, and Curator

for 1867-68, 8vo., Boston, 1867-68. THE SocCIETY.
” Annual report of the Boston Society of Natural History, 1868-69, I, 8vo., Boston,
1868. THE SOCIETY.
» Proceedings of the Boston Society of Natural History, Vol. XI, pp. 97-486.
1866-68, 8vo., Boston, 1666-68. . THE SoCIETY.

Carcurra.~Journal of the Asiatic Society of Bengal, Pt. I, No. 1, 8vo., Calcutta, 1869.
As1aTic Soc1ETY OoF BENGAL.

" Proceedings of the Asiatic Society of Bengal, Nos. 1, 2, 3, 8vo., Calcutta, 1869.
ASIATIC SOCIETY OF BENGAL.
EpinprreH.~—Proceedings of the Royal Society of Edinburgh, Vol. VI, No. 74, 8vo., Edin-
burgh, 1867-68. THE SOCIETY.
» Transactions of the Royal Society of Edinburgh, Vol. XXV, Pt. 1, 4to.,
Edin., 1867-68. THE SoCIETY.
LavsaNNE.—Bulletin de la Société Vaudoise des Sciences naturelles, Vol. X, No. 60, 8vo.,
Lausanne, 1868. THE SocirTY.

LoNpoN.—Proceedings of the Royal Society, Vol. XVII, Nos. 106-107, 8vo., London, 1868.
THE SoCIETY.
" Quarterly Journal of the Geological Society, Vol. XXIV, Pt. 4, No. 96, 8vo.,
London, 1868. THE SoCIETY.

" List of the Geological Society of London, 1868, 8vo., London, 1868.

THE SocIiETy.
Journal of the Society of Arts and of the Institutions in Union, Vol. XVI,
Nos. 830-835, Vol. XVII, No. 836, 8vo., London, 1868. THE SociETY.
Memoirs of the Geological Survey of Great Britain and of the Museum of
Practical Geology. Mineral Statistics of the United Kingdom of
Great Britain and Ireland for 1867, by R. Hunt, Esq., 8vo., London,
1868. GEOLOGICAL SURVEY OF GREAT BRITAIN.
Moscow.—Bulletin de la Soci¢té impérialé des naturalistes de Moscow, Tom. XLI, No. 1,
8vo., Moscow, 1868. THE SoCIETY.

Pagris.—Bulletin de la Société Geologique de France, 2nd Ser., Tom. XXV, No. 4, 8vo.,
Paris, 1868. THE SocIETY.

PrnzaNCE~The fifty-first, fifty-second, fifty-third, and fifty-fourth annual reports of the
Council of the Royal Geological Society of Cornwall, 8vo., Penzance,
1868. THE SocIETY.
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Titles of Books. Donors.
PHILADELPHIA.=Journal of the Franklin Institate, Vol. LVI, Nos. 4, 5, 8vo., Philadelphia,
1868. FRANEKLIN INSTITUTE.
" ings of the American Philosophical Society, Vol. X, No. 77, 8vo.,
Philadelphia, 1867. THE SocIETY.
SaLEM.—Proceedings of the Essex Institute, Vol. V, Nos. 5, 6, January to June 1867, 8vo.,
Salem, 1867. THE INSTITUTE.

ToroNTO.—The Canadian Journal of Science, Literature and Hmtory, New Ser. (Vol. XII,
No. 1), whole No. LXVII, 8vo., Toronto, 1868
CANADIAN INSTITUTE.

ViexNa.—Jahrbuch des Oésterreichischen Alpen-vereines, Bd. IV, 8vo., Wien, 1868.

Vicroria.—Geological Survey of Victoria, quarter-sheet maps, Nos. 13 N. E,, 14 N. W.
and 26, 8. E., with Sections, Fol. 8vo., and a phlet, Melbourne,
1868. Gnomcxcu. SurvEyY, VicTORIA.

WASHINGTON.—An account of the total eclipse of the sun on July 18th, 1860, as observed
near Steilacoom, Wash. Terr., 4to., Washi 861
rmsom,m INsTITUTION.

Annual report of the Board of nts of the Smithsonian Institution,
showing the operations, expenditure, and condition of the institution
for the year 1866, 8vo., Wa.shmgton, 1867. THE INsTITUTION.

ogical Researches in China, Mongoh& and Japan during the years 1862-
1865 by R. Pumpelly, ithsonian contributions to knowledge
202, 4to., Washington, 1 Tar INsTITUTION.
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Part 3.]

PreLiMINARY Nores oN THE Groroay oF KurcH, WESTERN INDIA, resulting from the
examination of that district, now in progress, by the Officers of the Geological Survey,
by A. B. Wynng, F. G. 8, &c.

The detailed examination of this province has been long looked forward to with interest,
as promising to cast light upon the geology of other parts of India where fossil land
plants simlﬂr' to some of those occurring in Kutch have been found to characterize an
extensive group of rocks and are almost the only fossils which those rocks contain.

These plants were known to be associated in Kutch with a large number of marine
fossils, the Jurassic age of which was determinable, but the relations between the beds con-
taining forms so distinct had still to be ascertained. -

‘With this view a hasty visit was made to the district of Kutch by Mr. W. T. Blanford
of the Geological Survey, in 1863, and the conclusions to which his observations led appeared
in a short paper among the publications of the Survey. (Vol. VI, pt. 1.)

Except this comparatively recent paper other sources of information regarding the geology
of the country, prior to the present investigations, were almost limited to a paper by Captain,
since Major, Grant, read before the Geological Society of London in February, 1&?7 ; some
remarks upon it by Dr. Carter in * Geological Papers on Western India” published by the
Bombay Government in 1857 ; a record of some fossils by Colonel Sykes (Geological Society,
London), and an interesting notice in Sir Chas. Lyell's * Principles of Geology,” describing
the effects of the earthquake of 1819, the elevation of the “A.lExh Bund,” :fg submergence
of Sindree village on the Runn, north of Lukput.

Of these Captain Grant’s paper is the most detailed, but while it contains many
valuable facts, several of these seem to have been affected to distortion by geological theories,
or views, which have vanished since he wrote, and also by a misappreciation of the stratigra-
phic arrangement of the rocks. The four or five-fold sub-division adopted by him, being
natural, is correct, though the sequence was mistaken.

THE ROCKS CLASSIFIED.

The following may indicate the ultimate arrangement of the larger rock-groups, some of
the newer ones being perhaps capable.of further sub-division :

Blown sand.
RECENT AND SUB-RECENT ... {Alluvium.
Concrete.
Tertiary beds and *
{Nummulitic do.
Sub-tertiary.
Stratified traps and Intertrappean.
JuRassIC {Upper Jurassic (P Rajmahal.)
ot *** { Lower Jurassic (“ Dogger,” or Middle Jurassic.)
Intrusive Trape.

[The syenite of Parkur-Nuggur, Kalinjur hill, &ec., at the north-east corner of the
Runn might be added to the above as the nearest base known for the Jurassic rocks.]

TERTIARY
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Of these the two Jurassic groups a‘fpear to have been transposed by Captain Grant under

the names of “Older and Newer Secondary.” The traps were looked upon as almost solely

intrusive masses; their interstratification with aqueous beds being indicated at some places

;:liere tfsociation merely occurs, and at others where intrusion between stratified aqueous rocke
es place.

LocarLiTy AND FEATURES.

The province of Kutch lies upon the west coast of Hindustan, about 400 miles north-west
of dBomRay, between the sea-ports of Kurrachee and Surat, or the proyinces of Kattywar
and Sind.

It is bordered on one side by the Arabian Sea and Gulf of Kutch, while upon all others it
is isolated from the main land and the Thurr or little desert, by the grand and smaller
Runns which are connected at the eastern side of the province. Its length from east to west
is much greater than its breadth,* and, including the Runn, its area is estimated as being
equal to about half that of Ireland.t

The whole province presents numerous alternations of hilly ground and open plains,
sandy when covered by the detritus of the rapidly decomposing Jurassic rocks, and more
earthy when underlaid by the Tertiary formation, both passing, towards the southern coast,
into broad alluvial plains of ordinary Indian aspeot.

The hills are perhaps as often clusters as extended in the form of ranges, though these
latter do occur ; a.ndpxiore or less continuous escarﬁmenh; rising with the outcrop of some of the
stronger beds are very frequent. A broken chain passes nearly east and west through the
Runn islands of Putchum, Khurreer and Béla to Chorar, (in the former being flanked by a
smaller range) :—another borders the Runn on the north side of Kutch Proper :—one,
the Charwar range, runs east and west to the southward of Bhooj, the capital of the provinee:
and there are losser ranges in other parts of the district, with many clusters and isolated
hills frequently conical in form.

The hills of the Wagur or eastern side of the district, take no definite direction. They
are the denuded remnants of what would have been a somewhat flattened and rolling dome
shaped mass if their strata were continuous instead of having been extensively operated
apon by denudation.

There are no lofty elevations in Kutch ; that which is reputed to be the highest, namely,
Dhenodur hill, overlooking the Runn on the western side of“:ge province giving a measure-
ment (by Aneroid) of but 1,070 feet above the Runn ; several others, however, have elevations
not greatly less.]

Nearly all the ranges and many of the hills are steeply scarped on the north, and pass
by gentle slopes into the plains to the south as a consequence of their structure, the beds in
general having long southerly inclinations at low angles from three parallel lines of disturb-
‘ance or dislocation which extend, 1st, from Putchum Isle to Chorar; 2nd, from Lukput, along
the south edge of the Runn, to Doodye towards Wagur; and 3rd, from near Roha to the neigh-
bourhood of Butchao, passing at the northern foot of the Charwar hills. North of these
lines, and just in their vicinity, the beds are much contorted, their highest inclinations being
always in a northerly direction.

The trap hills, particularly those formed of intrusive traps. are frequently surrounded
by precipices, or else sharply peaked; an irregular range, however, formed of, or ca %ed by,
the bedded traps, running north-west from their broadest development in the Dora Kx s near
the centre of the province out through its western half, follows the usual rule presenting
long slopes upon the dip and steep ones along the outcrop of the beds.

The northern side of the province, generally speaking, has much diversity of form, being
often picturesque, while, owing to the absence of jungle and prevalence of sand, its aspect 1s
nevertgeless barren ; particularly when the view lies across a parched and glaring plain edged

* According to Captain Grant the extreme length is about 180 miles, and extreme width 50.
+ ‘Kutch Selections,’ & collection of papers by various British Officials, published by the Bombay Government.

. 1 Since writing the above, the heifht of a mountain in the Runn island of Putchum has been taken by Aneroid
and found to exceed by some hundreds of feet any elevation measured in Kutch Proper. Dhenodur isnota
volcano—see paper by Mr. Blanford, above mentionad.
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some vi where wheat is laboriousl tivated with the aid of irrigation, and smoky clouds
of sandy dust, raised b{ passing cattle, are driven before the northerly blast, from which
those working at the wells shelter themselves by screens.

The peculiar bare, level and extensive plain called the Runn of Kutch is not 8 marsh, as
represented upon some maps. It is periodically covered by water during the rains, and left
dry, except a few patches, shortly after they have ceased ; when those lower portions on which
the water has lain the longest become strongly incrusted with salt ,—this frequently extending
as far as the eye can reach :—its dazzling surface flickering in the mirage, which magnifies or
distorts any object that may happen to be upon the horizon. The source of the salt is
probably from sea water, this being said to overflow the Runn, entering by the low ground
at the mouth of the Koree river near Lukput, and also at the head of tﬂe Gulf of Kutch,
when the sea on the coast is raised by the continued south-westerly monsoon winds.* However
this way be, the waters from Kutch itself are strongly impregnated with salt derived from
the rocks, great quantities of which in solution must be carried vut to the Runn when-
ever there is sufficient rain to fill the rivers.

Although the incrustation is not very thick, being generally from one to two and a half
inches, the quantity occurring on the Runn is enormous, and the way in which fish, insects
and such organic remains brought in by the sea or down from the land by the Bunass and
other rivers are preserved by the salt 18 evidence of the strength of the solution, if that were
wanting.

Notwithstanding that traces of marine ‘denudation are slight and scarce along the
southern shore of the Runn,- having been probably removed by subsequent atmospheric action—
its whole aspect strongly suggests its being a gradually raised sea-bottom; a broad and
slilghtly elevated tract called the Bunnee, lying along its southern side between Putchum
Isle and Kutch Proper, being very possibly a bank or bar formed by the rivers which flow
from the higher land in that direction. Over this tract coarse grass, a heathery looking tufted
plant and Babul trees are irregularly distributed.

Some of the results of the great earthquake by which this country was visited in 1819
are still to be seen in the fallen walls of several of the towns, in the “ Allah Bund,”t+ a low
elevation, thrown up by it, which is said to have permanently arrested the southward flow of
the water of the ﬁoree or eastern mouth of the Indus, and in the submerged village of
Sindree on its left bank; part of the ruins of the fort only being visible above the mud,
salt and water by which they are now surrounded, no other trace of the village remaining,
and the basements of the building seen being buried in the silt.

Tradition has it that this was formerly the site of a large city surrounded by villages
and ficlds, and to which the tidal ebb and flow reached: subsequently (from elevation of
the land probably) the river became so shoal that boats could not reach the port; the
city was in a great measure abandoned, and another Sindree built several miles further down
the river at a place called 8indu on the map. Here the same thing recurred, and Sindu
was deserted, a new city rising at Lukput, once an important place, but now consisting of
a few houses in one end of the walletf in enclosure. At present boats cannot come even
so far as this, and Lukput Bunder is at a distance of three or four miles, while the sea trade
is conducted at Kotaisir close to the old mouth of the Koree river. How far the first part
of this statement may be true is involved in considerable uncertainty, but it is said there are
records in the Duftler at Bhooj which would prove the accuracy of sume portions of it at
all events.

by ru% hills, beyond a bright green mimbch with a few lonely palms, or other trees, near

JURAB81C ROCKS.

The Jurassic rocks occupy a large portion of the northern half of the.province extend-
ing through it almost from endy to end, and also forming the hilly parts of the Runn islands'
before mentioned. The bold scarps and rugged hills exhibit numerous fine sections, showing

lainly the structure of the country throngh which, notwithstanding repeated rolling undu-:
{;tions of the beds and some very marked anticlinal flexures, many recurring southerly and:

* It does not appear to what extent this has been proved, though from the a-pect of part of the coast,
1t scems likely to be the casc.

t Mound of God.
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south-westerly dips £hoe the lowest beds along the north side of the district, except where
a great fault coinciding with the northern foot of the Charwar range causes them to re-appear
in its centre.

These lower Jurassic beds consist mainly of gray, blue, red and black shales, thick and
thin light-coloured sandstones and hard silicious with some more calcareous varieties,
and in some places quantities of dun-colored and gray compact earthy or sandy limestone.
Pale-purple sandstones and some highly ferruginous bands also occur, the whole presenting
so many varieties of color and kind that its general lithological aspect is seen to differ from
that of the up ost Jurassic rocks, sufficiently to warrant an attempt at sub-division,
only by regarding the group as a mass and leaving details aside. The passage from the
lower beds to the upper 18 so gradual thatno very definite boundary can be assigned between
them. 8till there is a difference at the extreme ends of .the series which would at once
prevent their being mistaken for each other, and which, it is supposed, led to their separation
‘nto two groups by Captain Grant.

Owing to the numerous faults, undulations and the general lowness of their dip, the
thickness of this great series of Jurassic rocks is difficalt to determine with accuracy, but it
has been assumed, from observations in the part of the district lying eastward of %hoo', to
madm fronil 4,{1)0 to 5,000 f;e:l,l of which meaa:hred sections of over 2,000 feet have

e in the lower portion of the group; and there is no reason to sup ite aggregate
thickness to be less in the western ai&l:: of the province. Throughout thmrge accumula-
tion of strata there is a marked absence of lar zones, indicating successive stages of
deposition, and while in such an assemblage of coarse sandstones and muddy shales with
frequent conglomeritic beds much constancy of lateral extension might not be looked for,
and marks of succeeding zones be probably obscure or absent, no want of material seems to
have existed to supgly new or similar layers for those which may have died out. The whole
formation, particularly in its ugper beds, maintains the same characteristics of obliquely
laminated strata alternating with finer and more parallel deposits, all of richly varying tints,
from black to white, blue, red, orange, brown and gray, and sometimes green with a peculiar
golden oolite among the lower rocks which glistens like avanturine.

The lower beds on weathering take frequently a rusty oolor, and dull olive tints are com-
mon, while, where the beds are highly calcareous, a whole mountain formed of them with
rounded outlines and a whitish hue n sunshine looks cool, and in cloudy weather as
as any granite hill. Thick bands of a warm orange sandy limestone with some red m{
oceur also in the lower rocks, and many of their shales are gypseous.

The npger beds are marked by a predominance of clean white gravelly sandstone with
some blackish ferruginous bands and white or lavender-gray, sometimes highly carbonaceous,
shale. Between these and the lower beds alternations of almost every variety of rock in
the formation occur, mniin through a vertical space equalling a third of the total thickness
if not more. Many of the ﬁeds in both groups are strongly saline.

The lowest beds are much the most foesiliferous, and the rémains are chiefly marine,
including Ammonites, Pleurotomaria, Ostrea, Trigonia, Cucullea, Corbula, Gryphea,
Modiola, Terebratula, and numbers of other bivalves,rgchiuith, Crinoids, Corals, Belemnites,
fish teeth, reptilian bones, and fossil wood.

In one certain and one or two doubtful instances some of the upper beds of this lower
and marine series were found to contain impressions of (terrestrial) Zamie in shaly bands inter-
posed between the marine shell-bearing beds. During the examination of Eastern Kutch,
the most exhaustive search that could made failed to find any thing among the upper
rocks except these Zamie and a few other terrestrial plants, but in the west, in a few cases,
some marine fossils have been obtained from single beds occurring amongst unfossiliferous
strata of the upper portion of the rocks, but still below the uppermost (white) beds seen.

This alternation or intercalation of the marine and ffeshwater beds (presuming those
containing Zamie to be of purely freshwater deposition) being one of the points to which
attention was specially directed, it is satisfactory to bave so far ascertained the fact after
many months of' close search, even though such alternation appears to be much more limited
than was supposed, unless it is taken for granted that the numerous ﬁaﬁmentary rass-like
plant remains so common in the shales and flaggy sandstones throughout the formation
are of freshwater deposition also. Many of these have been searched over and over again



PART 3.] Geology of Kutck, Western India. 55

without a trace of a Zamia leaf being found, and there seems to be no more reason for suppos-
ing them freshwater than some other beds in which ammonites occur lying among a mass of
vegetable remains, the woody fibre of which is generally distinguishable, though often
obliterated by carbonisation.

Such intimate association of the Zamie with marine forms has not, it is true, been dis-
covered, but nevertheless it may not be unreasonable to suppose that these plauts were floated
out from land, and deposited by the sea at depths unsuited to the marine life of the period or
at localities where this was from other causes absent. As Mr. Blanford has observed in the
paper above mentioned, ‘no sudden change in the rocks nor any unconformity has been found
to mark the transition from a salt to a freshwater period;’ and while it is evident that land
plants may be earried out to sea, though marine organisms cannot so readily find their way
nto freshwater deposits, it is easier to believe that the whole of these salt Jurassic rocks
are of marine origin than that repeated alternation of fresh and salt water beds takes place
without any marked difference of character or aspect occurring in the rocks.

It may also be observed that though there are hut few evidently marine beds, and these
not immediately associated with Zamia-bearing rocks in the wupper part of the Jurassics
seen, still these Zamia beds contain plants only, no freshwater shells, fish, nor animal remains
occurring to contest the possibility of the containing rocks being of marine or perhaps
estuarine formation.

Great as is the thickness of the Jurassic beds, it is that only of a portion of the group
the base of which is not visible, and the upper beds being unconformably overlapped by the
Bedded Trap, they may continue to increase in quantity beneath the latter much further than
they can be observed. There are, however, some appearances, along their nppermost boundary,
which may be slight indications that the Jurassic period was drawing to a close, and that
the deposition of rocks much resembling some of their upper beds ushered in the commence-
ment of the succeeding unconformable tertiary group in those places at least where this
succession was not interrupted by the accumulation of the intervening Bedded Trap.

TRAPS.

By far the largest part of the trap rocks is referrible beyond a doubt to the
same period as the vast stratified accumulation known as the Deccan Traps. Some of the
lowest flows are very thick, presenting few or mo traces of bedding for more than 100 feet,
but further up this is as plain as all the other appearances, such as beds of red bole, alterna-
tions of amygdaloidal ang columnar basaltic flows, presence of zeolites, and so forth, which
characterise the formation elsewhere. The trap is sometimes magnetic, and among its lower
beds ashy sandstone or calcareous bands occasionally exist. In onc place near its local
base an interstratified bed of friable red sandstone 30 feet in thickness was observed, and in
:::lthe: a small lenticular deposit of intertrappean calcareous rock containing small fish

es.

The flows or beds have a low steady southerly or south-westerly inclination, forming a
wide hilly belt through the centre of more than the western half of the province, but their
deposition does not seem to have extended to the place occupied by the eastern extremity of
the district. The thickness of this formation is much less than usual, being estimated at
about 2,600 feet.

An obscure grou of earthy sandstones formed largely of trappean materials, often
indistinctly bedded and containing woody plant impressions, occurs in several places, having
but indefinite relations to the lower part of the Bedded Traps, but resting quite uncon-
formably on the Jurassic rocks and often closely associated with masses of intrusive trap near
which white sandstone is often strongly columnar.

Te intrusive traps—occur chiefly in the Jurassic area, and probably mark some of the
places from which those just mentioned issued.

They consist generally of augitic or basaltic traps varying in color (different black and

grayish hues), and in texture from a close compact rock to one coarselg crystalline, the crystals
of glassy felspar beiug interlaced, and the deeply weathered soft light-colored surface taking

* Within the last few days information has been obtained of the discovery by Mr, Fedden of intertrappean beds,
containing Physa Prinsepii, in the western extension of the trapp formation, furnishing still farther proof of
the identity of these with the Deccan Traps.
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much the appearance of a syenite in similar condition. Fine muddy-looking or ashy trap,
weathering to an olive-green minutely divided detritus, is another variety. Some of the
dykes, &c., are of fine-grained purple colored trap, with white steatitic specks, a soft earthy
or lava-like texture, are much less dense than the varieties abovementioned, and are some-
times salt to the taste.

With regard to the manner in which all these intrusive traps occur, nothing could well be
more varied : dykes are particularly numerous in some localities; they also occur in
faults, while local intrusions form hills projecting from the plains and Jurassic broken ground,
like knots in decaying wood. In such cases, their outlines are either conical or combinations of
this with steeply scarped forms. Some intrusions range through the country for many miles,
presenting the most irregular lines both in plan and elevation, cutting across the aqueous
strata, including large masses, intruded between them or forming hills either capped or under-
laid by the Jurassic beds, or both one and the other, these being altered by the contact into
various kinds of porcelainous or quartzitic rock, while one case occurs where a whole stream
section of the aqueous rocks seems to pass by gradual intensity of alteration into solid trap
in which planes resembling the original ding can be traced for some distance as if the
strata hud been melted #n situ, no marked difference of texture however existing in the trap,
although the stratified rocks cousist of alternations of calcareous sundy and thin shaly
bands. .

Other instances occur in which sandstone seems to have been completely melted and
taken up by these traps; the matrix having yielded first and the quartz fragments and grains
gradually becoming. more separated and disappearing until they are quite lost at a very short
distance in the da.rﬁ trap. This can be seen in hand specimens.

Generally speaking, these large intrusions have an intricacy of arrangement forming a
tangle which defies all effort at accurate representation upon a map of small scale, and some-
times their basaltic trap is so magnetic as to deprive compass bearings taken from these
points of any value, the variation being of inconstant amount.

SUB-TERTIARY GROUP.}

As already stated, the Jurassics or Dogger beds of Kutch, consisting of a calcareous or
sandy and shaly marine series below, passes upwards into alternations of more ferruginous
and more purely argillaceous and arenaceous beds,—in which land fossils (Zamisw, Ferns, &c.)
are either rare or locally numerous,—these forming what are at present considered an
upper member of the same group. At some period subsequent to the Jurassic, not clearly
marked, but ing from local as well as distant sources of information (in the Deccan and
at Bombay), pmbly an early Tertiary one, the volcanic activity which produced the Bedded
Traps came into operation. Observations here only show that traps were extensively in-
truded through the Jurassic rocks, and that other traps, very probably connected with these
as centres of eruption, constitute a thick series resting with marked unconformity upon these
Jurassic strata.

But overlying the Bedded Traps and, where these are absent, the rocks upon which they
rest, is a marked band of most peculiar aspect, having, in contact with these traps, a very
voleanic appearance, but one entirely different from theirs. Its predominant colors are deep
red and pure white, but it is finely varied with purple, orange, greenish, brown and black
or blue tints, even brighter and more strongly contrasted than those of the Jurassic beds.
Its lowest stratum in junction with the uppermost of the trappean flows is a curiously
mixed and mottled one, brecciated, concretionary on a large scale, in places containing
small white quartz grains, but generally consisting of a pure chalk-white or variegated
purple and lavender, unctuous, argillaceous, rock occasionally saline and speckled with white
kaolin patches, giving it the appearance of an amy%dalmd., sometimes to such a degree that
it, becomes undistinguishable from the purple trap found in several dykes among the Jurassic

rocks.

* This passage as it were of stratified into intrusive amor| hous rock is so very peculiar that it may perhaps
be dece gve. A place where the alteration of the beds censed laterally and the trap might be said to commence was
sought gr in vain, and the lines which may be, or at least simul original stratification apparently continuous with
those of the unaltered bedded rock cease to be traceable beyond a few yards into the trap.

+ The name Sub-Tertiary used here is only provisional. An examination of the fossils will probably cause it to
be altered l;m' au(lylther. l:r’mcrely means ﬂfnl. the beds are below the highly fossiliferous Nommulitic and other
Tertiary beds though abovc the Bedded Traps the Intertrappcan beds of which arc believed to bc of Lower

Tertiary Agc.
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Along the line of junction with the underlying Bedded Traps their uppermost layer is
very commonly a greenish amygdaloid, also more or less generally concretionary, rusty or
decompoeed looking ; instances occurring in which the concretions of the mottled rock have
been found to exhibit an apparent passage towards their centres from one variety to the
other, the cores being formed of rusty amygdaloid quite similar to that bemeath. In other
cases the lowest stratum of the mottled series or uppermost one of the trap is a pale green-
ish earthy trappean looking rock, not quite so concretionary as usual, with much of the
external character of the mottled breccia, but containing yellowish green steatitic amygdala.
Where these sub-tertiary beds rest on the Jurassic rocks the peculiar brecciated white bed is
seldom strongly developed, but still is frequently present.

This breccia passes upwards within greater or less distance, as the bed is thick or thin,
into gnarled and ponderous laterite of various red, black, brown and purple tints, either brec-
ciated or of the brick-like character so well known elsewhere* Its junction with the white
rock below often shows rough stalactitic looking masses of the laterite vertically penetrating
the lower bed all along the line of contact as if infiltrated from above. In the same group
are other bands of laterite and some very coarse obliquely laminated white quartzose and
ferruginous sandstone containing much of the white earth distinguishing the lower layer.
Associated with these, but not always upon the same horizon exactly, are dull purple, brown
and black, in some places highly carbonaceous, g{gseons or pyritous shales containing
numerous impressions of large and g s a di leaves. These occur also
in fine flaggy pale lavender or white beds of the same group, but of uncertain place.

Apparently among gypseous reddish shales of this glroup a thin band was found to

contain Fasciolaria, Arca, Nucula, Cyprina and Venus, which are not, however, in such a

state of preservation as to warrant more than an opinion at Sment that they may be of

either cretaceous or eocene age, while some bones of large reptiles, including part of a skull,

:ave been found in very similar shales and on what seems to be very nearly the same
orizon.

Close above these some brown flaggy sandstones containing a few shark’s teeth and shells
and occasional beds of earthy orange mudstone begin to appear, and indicate the approach to
others abounding in tertiary fossils.

The thickness of this group (the ‘ Red—? New Red-sandstone’ of Grant) varies much, from
a mere band consisting of a few beds or only one, to a maximum, in some places, of between
two and three hundred feet. Until the fossils have been examined, it is obviously difficult to
say how much of this group may be of Tertiary age, if indeed it be not entirely so. It
forms a marked basement to that series however, and where it rests upon the Jurassics without
the intervening trap, its junction very commonly apgears ql}ite conformable, the line, however,
being almost impossible to see when the gypseous shales of the one group overlie those of the
other.

TERTIARY FORMATION.

As the Tertiary rocks are still undergoing examination, they can be but slightly noticed
here, although they form a large and important feature in the geology of Kutch.

Their principal development takes place in the southern half of the western side of
the district, where they form wide rolling plains under which the beds undulate, wrapping
round the western termination of the Jurassic and Trap formations, and appearing at intervals
along the southern shore of the Runn, on the margin of at least one of itsislands, and
at a few spots in the eastern portion of the province.

They consist, as a mass, of rubbly shales interstratified with yellow mudstone bands,
and thick beds of sand or sandstone. Occasionally the rocks become sufficiently calcareons
to be called limestone, and most of those containing fossils are highly so—an agglomeration
of shell-casts in an earthy or sandy calcareous matrix.

Among the lower beds oysfers and furrifella are particularly numerous, whole beds
being formed of the latter, and a flat echinus (clypeaster), being very common.

* At some localities in Eastern Katch the laterite is associated with quantities of Agates both i six and left
in a thick layer by its wesathering down, strongly recalling the appearance of some very similar ground
similarly situated near the base of the tertiary rocks in Guzerat.
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At a short distance above the base of the formation, on an average not more and often
greatly less than 200 feet vertically, are soft and harder white calcareous beds crowded with
nummulites and fasciolites, the former of several kinds, and associated with them are
numerous eckini, bivalves, &ec.

The Nammulitic beds are generally nearly horizontal; they produce ground of singularly
barren aspect, reminding one of the Egyptian desert, the white nummulites weathered
out lying thickly upon the surface in place of soil, and from their abounding in that neighbour-
hood being called by the native Lukput paisa.

For several miles eastward of Lukput, along the edge of the Runn, these rocks are
brought against the Jurassics by a fault, and having followed the low ground round the
western limits of Kutch they disappear for a considerable space in the country north and
north by east of Jackow, but set in again in the low lands further east.

In other parts of the low country, unoccupied by the Nummulitic group, highly foesili-
ferous tertiary rocks abound, containing a large number and great variety of genera, includ-
ing turritella, ostrea, conus, fusus, voluta, strombus, vatica, trochus, oliva, cassis, cerithium,
scalarium, cyprea, balanus, pecten; clypeaster, cidaris, &c.:—of crustacea, some well pre-
served crabs, besides large bones and great molar teeth, and very many other interesting
fossils, complete lists of which it is hoped will hereafter appear.

The thickness of these rocks is not yet sufficiently clear to be stated, but is considerable,
probably exceeding 500 or from that to 800 feet.

It seems most likely that these Tertiary beds have been deposited in shallow water
under shore conditions and subject to canses producing t irregularity of deposition. The
occurrence of leaf beds in the group ats the case of the Jurassic beds with regard to the
alternation of fresh and salt water periods, and among the upper beds the predominance of
sands almost devoid of organic remains indicates a different state of things from that under
which the highly fossiliferous strata accumulated.

Pos1-TERTIARY.

In several places a coarse concrete is found containing numerous fossil oysters, generally
of large size. It appears to rest unconformably upon the Tertiary rocks, and may be an
old member of the coast series or *littoral concrete” of Western India.

Other tertiary and superficial deposits, such as alluvium, blown sand, river concrete,
and a rockp::-ch res:ymb ing the latter, found high upon the uanks of many of the hills,
have merely to be mentioned, their occurrence here being in all respects similar to that
in other localities.

Coal is often mentioned as occurring in Kutch. Carbonaceous shales have been met with
in several places both in the Jurassic and Tertiary rocks, but chiefly in the former, and
these sometimes contain layers of bright coal. This is usually very thin, forming but small
parts of the bands quite too limited in thickness and extent (so far as known) to repay the
cost of working.

The largest layer, opened upon formerly at the village of Trombow, north-north-east of
Bhooj, is norvgv concealed E; the workings having fallen in.

Alum is extracted in considerable quantities from the sub-tertiary shales of Western
Kutch.

TIron used to be made in various parts of the province, but the manufacture has ceased
in consequence of the facility with which Foreign iron can be obtained.

In conclusion, it remains only to be stated that several points of interest necessarily
passed over in this hasty sketch have been reserved for suﬁequent consideration in the
report to accompany the map, data for which are still being collected.

Amongst these are some facts tending to afford further proof of the association of
aqueous deposits with the earliest beds of the Stratified Trap, and also indications that their
highest flows or beds were not much older than the lowest Tertiary rocks, if indeed some of
them were not contemporaneous. '
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The occurrence here of the persistent and well-marked band of laterite and its associ-
ated white clay or steatitic breccia, passing conformably upwards into the Tertiary beds, and
less regularly, but still with an appearance of transition, into some of the bedded traps
below, tho g differing from certain of the facts observed in the country north-east of Surat,
may possibly modify some of the conclusions with regard to the more obscure oacurrence
of the same three groups, ¢. e., the bedded traps, lateritic beds, and Tertiary rocks of
Guzerat, or may, at least, confirm the impression of the volcanic activity which produced
the bedded traps dating from early Tertiary times.

If, in the absence of fossils, lithological similarity be admitted as evidence, it may be
possible that some of the white felspathic sandstones, considered as Upper Jurassic, overlying
the Zamia-beds of Kutch, may represent some of the frequently similar looking Mahadeva
or Bagh beds of Central India and the Nerbudda Valley.

The evidence for a Jurassic age comes chiefly from the lower part of the series, which
is certainly marine so far, and the occurrence therein of a band of shale containing Zamie
may bear the explanation before suggested, but at present the discussion of these points is
almost premature.

April, 1869.

Much interest having been excited in the history of the Nicobar Islards, which have
recently been taken possession of in the name of Her Majesty the Queen of England, I have.
thought it desirable to print here a brief summar{eof all that is known regarding their-
geological structure. 'Ignis could most effectively done, by giving a translation of the
reports of Dr. F. v. Hochstetter, who accompanied the Austrian ‘ Novara' expedition as.
geologist. Dr. Stoliczka, long a colleague and friend of Hochstetter’s, has translated this
report. The geological portion is given nearly at full. The part relating to the vegetation.
and its connection with the soils, however interesting to those who have never seen a tropical
vegetation, contains little that would be new to residents in this country; and only a few
extracts are given. A few remarks on springs and temperature conclude the paper.

The geology of the Nicobars has many points of the highest interest to the Indian geo-
logist, as bearing on the structure of the adjoining Andamans, and the continuation of the
same features into Burmah and northwards, on which connection some information will be
given in future numbers. T. O.

CONTRIBUTIONS f0 the GEOLOGY AND PHYSICAL GROGRAPHY OF THE NICOBAR ISLANDS,
by De. F. voN HOCHSTETTER, ({ranslated by Di. F. StoLiczEa, from the “ Voyage
of the Austrian Frigate Novara round the world in 1857-1859.” Geological part,

nd vol., pp. 83-112. Vienna, 1866).

The Nicobar islands (Pl. 3.) belong to an area of elevation which can be traced from the
Bay of Bengal far into the southern seas. Beginning under the 18th degree north latitude in-
the group of the Cheduba and Reguain islands on the coast of Arracan, passing through the
Andamans and Nicobars, then continuing through Java, Sumatra, and the south-western
group of the Sunda islands, this line of elevation bends in an oblique S-form through
New Guinea, to the north of the Australian continent, and forms in New Ireland, the
Solomon Islands, New Hebrides and New Zealand a curve, concave towards the west, the small
group of the Mseg;lsrie islands being possibly considered as the extreme southern end of
this curve. Winding from the northern into the southern hemisphere through 70 degrees of
latitude, this line, or area, is characterized as one of elevation by two phenomena, totall
different in their nature, but nevertheless equally grand, and in certain respects related to eaci
other. These phenomena are, first, the activity o?r the interior of the earth, showing itself in
the volcanic action ; and secondly, the activity of the coralline animals, disclosing itself in the
formation of that kind of coral reefs which Darwin bas distinguished from the barrier or
lagoon reefs under the name of fringing or coast reefs.

Both phenomena, the volcanic action with its elevatory power, and the formation of
coast reefs, are, in certain respects, related to each other, as has been placed beyond a doubt
by Darwin’s observations, although both do not appear together along all parts of this area.
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In the southern extra-tropical latitudes, where coralline life does not exist on that large scale,
the volcanic action is the only marked one, and equally so in tropical latitudes to the north of
the equator,—where that action is locally wanting,—the peculiar formation of coral reefs must
be considered as the principal argument for the continuation of this line of elevation. This
is the case at the Nicobar islands.

These islands occupy a gap without volcanoes, between the voleanic range of Sumatra,
and the Barren and Narcondam islands, which lie to the east of the Andamans.

Whatever may be hidden in the interior of the Nicobar islands, covered with perfectly
impenetrable primeval forests and grassy &)laius, the occurrence of younger volcanic rocks is
the least probable. Although I have found on the north side of Car-Nicobar, the northern-
most of the islands, two pieces of a porous basaltic rock, the size of a man’s hand, in a
coarse gravel in the forest near the village Mus, and a larger angular fragment in the coral
sand on the strand near the village Saui, still there is more reason to believe that these
fragments were transported to the coast of Car-Nicobar in the roots of stranded trees*
or even that they were remains from the travelling bags of the Danish naturalists of the
Corvette Galathea,—who in 1846, shortly before they landed on Car-Nicobar, visited the
voleanic Barren island,—than that they came from the interior of the island. I have in
vain searched for similar pieces in the stream-and river-gravels of Car-Nicobar, and I
have not met with them on any of the other islands on which we landed.

On the other hand, the Nicobar islands are distinctly characterized as a portion of the
chain of oceanic clevations, which began in former geological periods and still continues, by
the upheaved coral banks and by the continuous formation of coral reefs, which slowly, but
in the course of hundreds and thousands of years perceptibly, enlarge the territory of the
islands,

The Austral-Asiatic area of elevation, above indicated in its entire extent, has in the
Nicobars 2 mean divection to north-20°-west or from south-south-east to north-north-west,
possessing alength of 148 Engl. (=37 Ger. geogr.) miles, and a width of 16 Engl. (=4 geogr.)
miles.  This direction indicates at the same time the strike of the strata on all the islands,
whil. the dip is cither towards east or west.  The synclinals and anticlinals in the geological
structure of the islands are thus coincident with the direction of the great geological line of
elevation which connects the northern point of Sumatra with the group of the Andaman
islands.

The total area of all the islands is calculated to be 33 to 34 German (geogr.) square
miles (equal to about 525 —544 Engl.).

1.—Geological Formations.

To render properly intelligible the results which will be given in the following pages, I
may be permitted to make a few preliminary remarks.

It is at present extremely difficult to make any detailed geological observations on
the Nicobar islands. One is limited to the sea coast, as impenetrable forests and grassy
plains make the interior of the islands perfectly inaccessible and hide the rocks. On
the northern smaller island, this circumstance is of less importance, because the extent of
the rocks through the whole island can easily be ascertained, as soon as it is possible to
observe them on two opposite sides of the coast in the same stratigraphical relation. The
case is different with the southern larger islands. Sambelong or Great Nicobar has an
area of 174 geographical square miles, and is larger than all the other islands put together ;
it ollers in the mountain ranges (rising up to 2,000 feet), and deep valleys, such a variety
in the configuration of the ground, that it is impossible to suppose that what is to be
seen on one or the other point at the coast should be characteristic for the whole island.
The mouths of rivers being gencrally occupied by mangrove swamps, it is even impossible
to come to any conclusions [rom gravels as to the rock which is to be found in the interior.
Bul even on the coast there are great obstacles to geological investigation. Wherever the
inquiring eye of the geologist observes promising cliffs, there breakers make it generally
impossible to land, and where landing can bo effected, we usually weet only a flat coast.

¢ Chaunisgo mentions the fransport of stones in the roots of stranded trees on the Radek group, and Darwin gives
a similer example rrom tie Kieling islands.  (Darwin's natural history travels, part 1, p. 242).
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Thus one is limited in his observations to the few points, where during low water it becomes
racticable to reach from the sandy shore some rocky promontory; and even under the
Lest circumstances [ was always restricted to that part of the coast on which the frignte
anchored, for no amount of promises and offers could induce the natives to undertake longer
trips with their canoes, neither was it possible to obtain a boat from the frigate at my
disposal. I hope that other geologists, who may in future visit these islands, will be more
successful in this respect.

My observations were therefore confined to the following places :—

1. North-western coast of Car-Nicobar.—A low precipitous coast accessible along
its entire extent. Thick clay beds, with some more xolid strat# of sandstone, containing
Fucoids, are on this coast overlaid by unpheaved coral banks (coral conglomerate and coral
sandstone) ; these are in some places still in direet. communication with living coast reefs.

2. Southern Buy of Car-Nicobar.—Flat coral ground with fringing reefs, and at
the breakers banks of a recent sandstone.

3. Novara Bay on the west coust of Tillangechong.—Precipitously rising cliffs of
serpentine and gabbro conglomerate ; at the breakers’ coast veelx.

4. Channel between Camorta and Nancowry, or {he Nancowry Haven.—A deep
transverse cleft through yellow elay-marls containing magnesia, alternating with beds of ser-
pentine and gabbro traps, and pierced through by serpentine and gablro. A long stretehing
coral reet formation exists in the channel, but coral ground is very limited.

5. The small islands Trice and Trachk, north of Little Nicobar; })recipitously
upheaved ; clayey sandstone beds with imbedded picces of bituminous brown coal ; coral and
conglomerate hanks and fringing rects.

6. Pulo Milu.—A small island on the north side of Little Nicobar, consisting of
strongly raised sandstone beds, with flat coral ground, fresh water alluvium, and fringing
reefs round the whole island.

7. Island Kondwl on the north side of Great Nicobar.—Sandstone, sandy slates,
and beds of clay-marl alternating with each other, flat coral ground of very limited extent,
fresh water alluvium, and fringing reefs.

8. A small bay on the northern coast of Great Nicobar.—Sandstone hills, salt-and
brackish-water swamps.

9. FEast side of the southern bay (Galathea Bay) of Great Nicobar, in which
flows the Galathea river; sandstone mountains; flat coral ground, coral and conglomerate
formation at the level of the breakers, fringing recfs; pebbles of bituminous coal on the strand.

These places are, with the exception of Car-Nicobar, the same as were seen by the
Danish geologist Dr. Rink, accompanying the expedition of the Danish Corvette Galathee
in 1840, and were, beside many others in the Archipelago, visited by him during a stay
of four months, described in a special work.*

As to scientific inquiry, Ileft the Nicobars quite unsatisfied in spite of the comparatively
long time of one month which we spent in their waters ; I know well how little my own obser-
vations increase the geological knowledge of the islands, for which we are indebted to Dr. Rink 5
for just the grandest objects, the islands Terressa, Little and G reat Nicobar remained
for me totally a terra incognite.  But I am conscious to have done every thing that it was
possible to do under the circumstances, and in this point of view the few obscervations I ean
offer must be criticised.

Car-Nicobaris a low island, the average height of which above the level of the sea
amounts to about 45 feet; only two ridges, which may be from 180 to 200 fect high, rise in
the interior above the forest covering nearly the whole island. The west, south; and vast,
coasts are flat and sandy, and the north-west and south-cast monsoons accumulate upon
them gradually higher and higher fragments of corals and shells, which pass over the
fringing reefs surrounding the whole island.  The south coast is in part swampy, only the
nurthern or vather the north-western coast, forming the shore of the bay of Suui, i3 precipitous,
allowing a view ot the geological structure of the island ; the section of this coast is given

* Die Nikobarischen Insgeln,  cine geographische Skizze, mit specieller Beriehsichtizung der GCoglmqn-,
Kopenharen, 1547 (FPhie Nicobar iclands, a geoeraphical sketeh with special reference to veology).
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in the sketch Pl. 4. Fig. 1.—Eastern shore of the Bay of Saui. 1, Loose coral and shell-
sand: 2, Dead coral-banks: 3, Indurated rock-beds of dead corals and shell-sand : 4, Plas-
tic-clay with bands of sandstone.—

The eastern shore of the bay gradually rises from north towards south up to a height of
about 60 feet, and includes two small lateral bays in which massive banks of a gray clay crop
out below upheaved coral banks which form the projecting corners of the cliff. It is very
characteristic that the boundary of the calcareous and clay strata on the surface of the coast
terrace is at the same time a s limit of vegetation, inasmuch as on the clayey ground the
cocoa-palm is replaced by Pandanus, Casuarina and grass, forming locally quite extensive

rassy plains. ’lehe clayedeposits, without any distinct stratification, show a cubical cleavage.

he prevailing color is light-gray, only single bands are darker colored, others are ferru-
ginous, containing numerous clay-ironstone nodules. The clay is a little calcareous, effer-
vescing with acids. In the southern lateral bay also appears between the clay beds a
more solid stratum from two to three feet thick, and from its projecting part larger
and smaller plates are broken off. On one of these plates I observed the impression
of a large species of Fucus (Chondrites Nikobarensis, IE)[ochst.) The strike of the strata
is from south-south-east to north-north-west in both bays, the greatest thickness observable
in the strata amounts to 20 or 30 feet. This clay deposit on the northern coast of Car-
Nicobar is characterised as a marine formation by the numerous Foraminifera which it
contains, but T did not succeed in finding any recognizable remains of Mollusca, except
indistinct and badly preserved bivalves (Pelecypoda).

Farther towards the south, the clay beds again sink under the level of the sea, and in their
place again appear coral banks, the precipitous coast becoming constantly higher, but at the
same time gradually more inaccessible. On this coast the sea has washed out deep hollows,
and the coral-banks are overlaid by massive banks of a white rock consisting of shell and coral
sand, and being rather soft on the weathered surface. On the Areca river, in the innermost
corner of the bay of Saui, the plateau of about 60 feet rapidly terminates with a fault, and
the soutiiorn shore of the bay only exhibits a flat sandy strand richly overgrown with cocoa
trees, being at the same time thickly populated. Judging from a few lumps in the

vel which I found on the northern as well as on the southern side, I conclude that there
18 somewhere in the interior of the island a gray fine-grained sandstone with little flakes
of white mica and also a compact limestone én sifw. The natives use the sandstone from the
gravels as grinding stones.

Batty Malve is a small rocky island with precipitous shores all round. It rises on the
south-eastern and eastern side in two terraces to about 150 feet. On the western and north-
western side, it runs into a low flat cliff; judging from a distance of two or three nautical
miles—we did not come nearer—the island is inaccessible. The extreme shore seemed to be
covered with grass only, the interior was a low jungle, the crown of cocoa-palm being here
and there visible at its margin. Only opposite Car-Nicobar can the island give an
impression of a “ relatively bare rock,” as Steen Billet says.—The rocks to be found on the
island are most probably the same as those of Car-Nico{sar.

Tillangchony,situated opposite Car-Nicobar, is a narrow mountainous island with
precipitous cliffs, stretching from north-west towards south-east; it consists of two ragged
mountain ranges sepsratedniy a depression of only 30 feet in depth. Where, on the south-east
side, both ranges meet, a deep b%{ 18 formed, which during the north-west monsoon offers an
excellent place for anchorage. e less precipitous south-western coast is accompanied by a
few r cliffs, while the north-eastern coast 1s hi hly 1precipitous all slong the shore. 'Ehe
highest hills are situated in the northern part of the island, apparently rising to an elevation
of about 500 feet. Serpentine and gabbro form no doubt the great mass of the island.—Pl. 4,
Fig. 2.—South-east coast of Tillanchong. 1, Coral-rocks; 2, Serpentine and Gabbro; 3,
Breccia ; 4, Sharply elevated rock-beds.—

. In the small bay on the south-western coast, the Novara;bay, in which the frigate was
lying at anchor for a few hours, the irregular and cliffed-like shores are composed of common

* The description of the very well gmerved Foraminifera from the above described clayey beds was undertaken

by Dr. K. Schwager. His very valuable will be s ded to this ch f the Nicobar
farther results [ here refer toetlil’is paper. peper ppen ® chapter of the Nicobar lalaads, and for

1 Captain Steen Bille was Commander of the Danish ship Galathea.—T, O,
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serpentine, often traversed with veins of hornstone, and the same is the case with the thickly
wooded mountain slopes, as far as could be observed in the small rocky beds of streams.
The shore exhibited a very great variety in the color of the serpentine, jasper and hornstone

bbles : besides these, however, there were noticed also numerous pebbles of a dark green
iallage rock, which must no doubt be in situ somewhere on the same coast at no great
distance. )

From the angular fragments of serpentine and other masses in the course of decom-
position, a ferruginous breccia is formed at the foot of the hills, while in the breakers the
serpentine gravels are being cemented by coral and shelly sand forming solid sandstone and
conglomerate banks which recall the Verde-antique, (Ophicalcite). The plateau of the coast-
reefs extends 2 to 300 feet from the precipitous shore into the sea. The whole of the island
was covered with thick primeval forest which thrives well, even on the serpentine ground.

In passing along there were observed on the southern part of the island and on the
eastern coast &in-bedded rocks with a high dip; these were in massive cliffs almost perpen-
dicular in the south-eastern bay with a colummar structure; their true nature remained,
however, unknown to me, for I was unfortunately obliged to use the telescope in place of the
geological hammer.

Camorta, Trinkut, Nancowry with Katchall form the middle group of the
Nicobar islands. Trinkut is situated in front of the eastern entrance of a channel between
Camorta and Nancowry ; it is a low island surrounded by coral reefs, and on its southern
coast whitish-yellow argillaceous marls crop out. Camortaand Nancowry exhibita greater
variety of formation.—Pl. 4, Fig. 8.—Sections of Camorta and Trinkut. 1, Gabbro and
Serpentine; 2, Breccia and tufa; 3, Clay marl with sandy beds; 4, Coral-rocks.—The
channel between the two islands, the Nancowry haven, has numerous small bays and
corresponds with a transverse cleft, while the Trinkut channel is a longitudinal cleft. The
precipitous shores of the former offer, therefore, the most Instructive geological section.

The narrow western entrance to the Nancowry channel is marked by two projecting
rocks, which have been washed out by the force of the waves, making thus a natural gateway
of rocks. Both cliffs rising almost perpendicularly to about 80 feet, are formed of a coarse
breccia, composed of angular fragments of serpentine and gabbro* firmly cemented. I could
not observe any stratification in this rock on the Camorta side; it is here in cliffs with large
quadrangular {locks. On the Nancowry side, however, coarser bands alternate with finer
tufa-like ones, with a strike from south-south-east to north-north-west and dipii:g about 85
degrees towards west. On the Camorta side, there crop out at two les low heaps of
masses of rocks, which Rink very properly regarded as friction-breccias, cliffs of a more
or less serpentine or gabbro-like massive rock.

Among the pebbles on the strand, I also met with numerous fragments of a reddish-
brown rock traversed by white calcite veins, the rock which Rink called Eurite.

These phenomena at the western entrance to the Nancowry-haven are thus perfectly
identical with those which Rink has observed at the entrance of the Ulala bay, situated only
a few miles to the north; they are represented (l. c. p. 68) by Rink in a section. Further
to the north the mostly bare hilf‘; on the west coast of Camorta, recalling by their external
shape conical voleanic forms, attain a height of from 4 to 500 feet; they no doubt indicate
the further extension of the serpentine and gabbro-rocks, which on Camorta and Nancowry
are traversed from south-south-east to north-north-west by a longitudinal cleft.

In the interior of the Nancowry haven, wherever the rocks are exposed on the project-
ing angles, they appear to be well-bedded, whitish-yellow, clayey marls, alternating with
banks of a fine-grained sandstone, with serpentine and gabbro tufas.

Most instructive in this respect is the precipitous south-eastern corner of Camorta at
which the coast line bends into the Trinkut channel. The argillaceous marl formation is
here well exposed in cliffs of from 30 to 80 feet high. On the southern side of the corner
the transverse section of the strata can be observed, dipping at 25° to 30° towards west, while
on the eastern side, parallel to the longitudinal brea}:, the beds crop out horizontally one
above the other. The argillaceous marl does not contain fossils, is of & yellowish white color,

* Gabbro is a rock composed of diallage, smaragdite or hypersthene with labradorite or saussurite, and often
some other minerals in an irregular mixture,
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and on the perpendicular walls it was covered with inch-long, white, very thin, crystals of =
silky lustre. The examination of these showed them to be sulphate of magnesia. The
clay itself contains, according to Rink’s analysis, besides silicate of alumina, iron-oxide
and magnesia.

The whitish-yellow clay marls of Camorta and Nancowry being entirely free of lime
have become famous since Professor Ehrenberg (Berl. Akad. Monatsberichte 1850, p. 476). by
an examination of the samples brought by Dr. Rink, has shown that they are true Polycistina-
marls, like those of the Barbados. Ehrenberg discovered in 1848 about 300 species, which
were by Professor Forbes believed to belong to miocene (tertiary) deposits. Ehrenberg says :
“ Especially well developed is this material on Camorta, where, near Frederickshaven, a
hill 300 feet high is covered all over with variegated Polycistina-clay, while the Monﬁkata
hills on the eastern side of the island are according to Rink entirely composed of a whitish-
clay resembling meerschaum ; this is, according to my analysis, a nearly pure agglomerate
of beautiful Polycistina and their fragments, beside numerous Spongiolites.”* The species of
Polycistina on the Nicobars are, according to Ehrenberg, the same which compose the
similar marl on the Barbados, situated in nearly the same latitude ; but there are also some
new forms.

Near the level of the sea, the clay marls, which locally contain angular fragments of
serpentine and gabbro, alternate with more solid strata of a psephitic rock, which is com-
g(c)sed of strongly-cemented angular fragments of serpentine a.ug gabbro, and can therefore

best designated as gabbro-tufa. It is remarkable that this rock again includes larger
and smaller pieces of the clay marl. On the eastern coast, near the village Inaka (Enaca)
a reddish micaceous sandstone appears between the clay marls.

Similar are the geological conditions on the mrthern coast of Nancowry. DBetween the
villages Intiang and Malacca, the whitish-yellow clay marls crop out in slightly inclined
strata ; between Malacca and InjAong, however, lies a precipitous cliff, on which these strata
rise almost perpendicular, and are gradually replaced by an accumulation of fragments of
scrpentine and gabbro. At the projecting corner itself, the traveller faces a precipitous
cliff of about 60 feet in height, but being cracked and decomposed, the true nature of
the rock is recognised with ditficulty. On a fresh fracture, however, one soon observes a
massive diallage rock, the laminar diallage being clearly traceable in the nearly solid mass
of felspar. Narrow veins of quartz pass through the rock.

From here up to the village Injiong the strand is again flatter, and nowhere nearer
than on the other side of the village high, dark-colored, rocks are a sccond time visible,
indicating a massive rock. These are the two places which Rink also has marked on his
maps as plutonic rocks.

Trice and Track.—On the north-western point of the small island Trice, highly up-
heaved banks of a fine-grained argillaccous sandstone of a greenish-grey color form a
low precipitous shore. The same stratified rocks alternate with thin-bedded sandy slates,
showing on the south-eastern coast margin of the small island Track, only a few cables
length distant, the accompanying scction. Pl 4, Fig. 4. Besides a fault, the strata form
a saddle and strike from south-south-east to north-north-west. In a sandstone bank I found
here imbedded a rolled fragment of a bituminous coal, the same of which 1 met with a larger
but equally rolled fragment on the strand of the island Trice. Of coal scams there was, how-
ever, no trace to bo detected ; what might be mistaken for them from a distance was only the
shadow of softer sandstone banks deeply weathered out, or the darker color of some strata.

Pulo Milu.—A small island on the northern coast of Little Nicobar, which Dr.
Rink has so excellently described in all its peculiarities, consists, in the higher parts, of a grey.
fine-grained, micaceous and calcarcous sandstone in massive banks. Very often spheroidal
concretions are to be ohserved showing on the soft weathered surface like cannon balls. No
trace of fossils could be found. The massive banks have thin-bedded sandy slates interstra-
tified. The strata strike from south-south-east to north-north-west, dipping to east at
n? :mglle of 45 degrees. Dr. Rink (loc. cit, p. 50) mentions a fossil resin in the sandstone
of Milu.

* The result 6f examination of a Nancowry specimen s figured on Plate XXXVI of Ehrenbery's © Mikro-
geologie.
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Pulo Milu was particularly instructive for me, because the dependence of the vegetation
on the soil and its geological basis could be perfectly well recognised. The vegetation and
the geological formation of the ground stand in the closest relation to each other, as clearly
shown by the accompanying sketch plan. The sandstone hills are covered with jungle; the
coral (calcareous) ground with high forest trees; the saline, calcareous, sandy ground is occu-
pied by cocoa-palms, and in the fresh water swamp on the declivity of the hill range, which
resembles in its curve a horse shoe, thrives the finest forest of Pandanus which we have seen
on the Nicobar Islands.—Pl. 4, Fig. 5. Plan of the island of Pulo Milu. 1, Sandstone
with bushy forest ; 2, Coral conglomerate, with high tree forest; 3, Coral and shell sand, with
forest of cocoa-nut trees; 4, Coast reefs; 5, Fresh water alluvium, with forest of Pandanus.
Pl 4, Fig. 8, Section of same tsland on line A. B. Fig. 5.

‘We have not visited the coast of Little Nicobar, the mountains of which rise to 1,000
fect elevation above the sea.

Kondul—between Little and Great Nicobar,—consists of a hilly ridge, 1} nautical
miles long and } mile broad ; its strata strike north-north-west., and dip at 70° towards east.
The western side is the precipitous one. The strata represent an alternation of more or less
sandy or clayey beds. The sandstone predominates, yellowish-white, with ferruginous
reddish-brown particles. The clayey beds partly consist of a greasy plastic clay, partly of a
crumbling yellowish clay marl, wit{ mtercalated thin-bedded sandy slates. The only organic
remains which I found were indistinet traces of Alge and small rolled fragments of coal.

Great Nicobar.—What shall I report of Great NicobarP With the exception of
some sandstone Lills on the northern coast, and the sandstone ranges on the eastern side of the
Galathea Bay in the south, I have not seen anything. Great Nicobar, with its moun-
tains rising up to 2,000 feet, is geologically quite a terra incognita.

A very remarkable earthquake, which is said to have lasted from the 81st of October to
the 5th December, 1847, on the Nicobar Islands, at which time also earthquakes occurred in
the middle and western part of Java, is described from the Penang Gazette in Junghuhn's
Java ( part II, p. 940). On this occasion fire is said to have been seen on one of the
mountains of Great Nicobar.

Can the highest mountain of Great Nicobar be a voleano? Its form is that of a volcano,
but as Junghuhn says that one could land on the southern coast of Java, wander about many
days among sandstone and slate rocks, without obtaining through any of the phenomena
even a trace of the stupendous voleanic nature of Java; in the same way there may be in
the interior of Great Nicobar, rock-formations hidden, of which one does not get an idea
along the coast. However, I do not attach any importance to the rumour that fire has been
scen on Great Nicobar, though the description of the earthquake seems trustworthy,
as I had myself occasion to observe on Kondul the mountain-slips referred to in the account.

These few observations, combined with those of Dr. Rink, give us the following, though
probably still very imperfect, idea of the geological nature of the Nicobar Islands.

Among the various geological formations on the Nicobar Islands, three are the most
important :—1, An epuptive serpentine and gabbro formation ; 2, Marine deposits, probably
of a younger tertiary age, consisting of sandstone, slates, clay marls and plastic clay; 3,
Recent coral reef formations.

The serpentine and gabbro formation of the Nicobars is characteristically of an erup-
tive nature. The tertiary sandstones, slates and clay-marls appear forcibly broken through ;
their strata are partly inclined, partly bent in flat, parallel, wave-like, undulations. These
rocks are accompanied by coarser and finer breccias composed of angular fragments of these
same rocks, ans they can partly be regarded as friction-breccias, partly as sedimentary
tufas in which beds of an argillaceous marl are interstratified. The eruption of these plutonic
masses appears, therefore, to fall in a time when the formation of the marine deposits was
partially completed, partially stillin progress. They broke through. on lines of fracture of which
the principal strike from south-south-east to north-north-west agrees with the longitudinal ex-
tension of the islands. On the middle islands, the serpentine and gabbro attain their greatest
development ; on Tillangchong, Terressa, Bompoka, Camorta and Nancowry they
form bare hill-ranges of from 2,500 feet elevation, and their configuration often marvellously



66 Records of the Geological Survey of Iudia. [voL. 11.

resembles those of younger voleanic formations. The elevatory power has, however, acted
most strongly on the southern islands, and bas here upheaved sandstones and slates probably
to heights of 1,600 to 2,000 feet above the level of the sea; on the low northern islands
the same power was, on the contrary, weakest.

With regard to the sedimentary deposits, I may state that Rink called the argillaceous
deposits of ttc northern islands “older alluvium,” and the sandstones and slates of the
southern islands “ brown-coal formation.” In separating them from each other, he considers
the former as being derived from plutonic rocks through chemical and mechanical decom-

ition, and as only of a local character. According to this the archipelago of the Nicobars
18 divided by him into two geologically different groups,—an opinion with which I cannot

agree.

The clays and clay-marl formations of the northern islands, Car-Nicobar, Teressa,
Bompoka, gamorta. Trinkut, Nancowrg, and the sandstones and slates of the southern
islands, Katchall, Little and Great Nicobar, appear to be only petrographically different
products of one and the same period of deposition. There are at the same time very few
materials from which the age of the marine formations could be determined, as the only fossil
remains which have been found in their strata are fragments of drifY wood chsn%ed to brown
coal, plant impressions resembling Fucoids, Foraminifera and Polycistine. But all these
remains indicate more or less distinctly a young tertiary age.

The same conclusions are derived from a comparison with the geological conditions of
those islands which lie on the same line of elevation as the Nicobars; I refer especially to
Sumatra and Java.

1 have not the least doubt that the clay-marl and sandstone formation has its perfect
analogue among the tertiary deposits of Java, which I had myself the opportunity of studying
and comparing in their distribution and lithological character. These became first known
through the late Fr. Junghuhn, whose researches on the physical geography of Java are
of such merit.

According to Junghuhn, one-fifth of the surface ground of Java is alluvial soil. This
is especially prevalent on the northern side of the island, extending from the coast inwards
either one, or sometimes five to ten English miles ; one-fifth of the island consists of voleanic
cones, and their immediate vicinity where the lower rocks are covered up by voleanic products.
These conical hills chiefly occupy the interior of the island, sometimes in a double range
stretching from west to east; while three-fifths of the area are occupied by tertiary rocks.
Either in flat protuberances or in clod-like elevations, these tertiary rocks surround the
volcanic range aﬁwa s on two sides, on the southern as well as on the northern. On the
northern side, the less highly upheaved tertiary strata underlie the alluvium, and therefore
occupy on the surface a smallarea. Inanunequally greater degree, the tertiary deposits are
developed on the southern side of the volcano, both as regards height and horizontal
extent. They are mostly visible split in clods (schollen) which always rise higher towards
one side,—the north, or towards the volcanoes,—and are at their highest edge upheaved to 2,
3 and even to 4 thousand feet. It is also principally on the southern side that plutonic rocks
occur in the neptunian deposits of Java, which are occasionally only represented by narrow
and sharply defined veins, without any influence upon the structure and configuration of the
surface; sometimes, however, they form small hS? ranges or isolated hills, similar to the
serpentines and gabbros of the Nicobar islands.

According to the reports of the Dutch Mining Engineer, Huguenin® a repetition of
the geological formations of the Nicobars appears to be met with in the T'iletuEeBay (the
southern lateral bay of the Wynkoop Bay on the southern coast of J avag. The prevalent
formations here are sandstone-conglomerate and highly developed greenstone-breccias, besides
plutonic rocks of the greenstone group. From specimens which I had an opportunity of
seeing in the local collection at Beutenzorg, I found that these plutonic rocks are serpentines,
gabbros and aphanites, exactly similar to those of the Nicobars. Equally i(lenticar‘;ppears
to be the chaﬁ(-whito clay-marl in the middle portion of Bantan, and the fine white marls
in the southern portion of Tjidamar, mentioned by Junghuhn (loc. cit., p. 13), with those
occurring on the Nicobar islands. :

* Naturkundige Tijdschrift voor Nederlandizch Indic, Theil X1, p. 110, 1856,
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At the time of my stay in Java (1858), and from all I could find described, as well as
from my own observation, I came to the conclusion that in the tertiary deposits of Java two
principal groups can be distinguished, setting aside the limestone formation, the proper place
of which In the system of Javanese deposits is as yet doubttul:* 1. A4 lower coal-bearing
group : numerous workable seams of brown coal are imbedded in quartzose non-calcareous
sandstone and slate-clay with silicificd Mems of trees; marine shells are very rare, or absent.
To this I referred the coal seams discovered by Junghuhn in the south-western part of Java,
as also the coal formation on the Kapuas river in West Borneo, and the extensive coal
districts in Southern an% Eastern Eorneo, finally the coal of Benkulen (Bencoolen) on
Sumatra, and numerous other similar deposits scattered over the Indian Archipelago. 2.
An upper group without coal: a clay and sandstone formation with plastic clay-slates,
argillaceous marls, calcareous sandstone, trachytic tufas, breccias and conglomerates, rich in
marine shells, fossil plants, fossil resin, but merely with nests of coal in place of coal seams.

Reasons, which I have given elsewhere,t have induced me to regard this complex group
of strata as probably of Eocene age. This opinion may even now stand as regards the lower
%roup, while as miards the upper group, I gladly accept the opinion of my friend Baron v.

ichthofen, and the conclusions derived by H. M. Jenkins,} trom which these fossiliferous
deposits appear to be younger Miocene.

I suspect that to this upper Miocene group correspond the tertiary deposits of the
Nicobars, although fossils confirming this suggestion have yet to be discovered. It is
also beyond doubt that these deposits are not wanting on Sumatra, in certain respects a
connecting link between Java and the Nicobars. Junghuhn (loc. cit., p. 8) justly remarks:
* The tertiary formation appears to have a sub-marine extent over the whole of the Indian
Archipelago, because wherever within this Archipelago the carth’s surface rises above the
level of the sea, this neptunian formation is observable. I know this for certain as regards
Northern Sumatra, where the tertiaries are especially found in the Batta districts (Batta
landern). With the exception of the trachytic island Dungus Nasi all the islands in the
Bay of Tapanuli (situated exactly in the prolongation of the Nicobars), besides the
adjoining low shores of Sumatra, and partially also the mountains near Tuka, are composed
of more or less upheaved sandstone strats, containing, though sometimes rarely, tertiary
shells.” Thus it appears to be principally on the southern coast of Java and the south-west
coast of Sumatra that we find a repetition of the geological conditions of the Nicobars.

The commencement of the eruptive formation is in J a va inaugurated by serpentine, gabbro»
massive rocks resembling diorite (greenstone trachytes as in Hungary); more or less typical
trachytic rocks follow, and the grand volcanic eruption extending up to the present time
from the termination of the enormous eruptive phenomena in the Indian Archipelago.
At the same time it appears that the eruptive line has been shifted slowly, on Java from
south to north, and on Sumatra from south-west to north-cast, so that this line would
strike east as regards the Nicobar group in the same longitude in which east of the
Andamans it reappears on the volcanic Barren Island and Narcondam.

The young tertiary age of the serpentine and gabbro eruptions on the Nicobars and
Java has its perfect analogue in the eruptions of tie same rocks in Central Ttaly, which,
according to Signor Perazzi, in Turin, and Prof. Savi, are partly Eocene, partly Miocene, and
which, on account of their copper ores, are of importance to the miner.

The third principal formation of the Nicobars are coral formations, belonging to the
most recent or tge present period. Coral banks of great thickness are found on Car-Nicobar,
Bompoka and several other islands ; they consist partly of a compact coral limestone, partly
of a coral or shell conglomerate, upheaved up to 30 and 40 feet above the present level of
the sea; on all the islands, the original area is to be obsorved enlarged by coral-land, which
is only separated by the higher sand dunes along the shore, from the still continuing form-
ation of the coral reefs surrounding all the islands in the character of fringing reefs.
Although these raised coral banks are a decided cvidence, in favor of the long continued

* According to Junghuhu this limestone is the youngest of all the tormatious, aud is always tobe found ouly 1o
superticial banks,

+ Reports on the doings of thie mining engineers in Netherlands India (Jahrbuch der k. k. geol. Reichsanstalt,
Wien, 1853, p. 277).

1 Quart. Jour. Geol, Soc., London, Feb., 1564, =F, Baron v. Richthofen, Zeitschrift der deutschen geol, Gesell-
~chaft, Bd. 14, p, 327,
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upheaval of the islands,—~that in connection with the eruption of the serpentines and
gabbros,—the formation of the flat coral-land elevated only a few feet above the level of the
sea can, on the other hand, be explained by the accumulation of coral fragments, of sand
and shells by the waves and breakers on the shallow surface of the fringing reefs. A
detailed description of the peculiarities of the Nicobar coral reefs and of the formation
of the low corag-land has been already given by Rink. (loc. cit., p. 88, &c.).

I1.—On the occurrence of coal and other useful rocks and minerals on the Nicobar
Islands.
The question regarding coal was the principal point of inquiry during the first expe-
dition to the Nicobars, Whglch was underfaf(en in 1645 by the (})anish Consul Mackey of
Calcutta, the Englishman Lewis and the two Danes Busch and Lowert.

The solution of this question was a second time the problem undertaken by Dr. Rink,
ag geologist with the royal Danish Corvette « Galathea.” e order of the day No. 5, which
contained the instructions and directions for the survey and exploration of the Nicobar islands

on the part of the scientific expedition of His Majesty’s Frigate * Novara,” made the reply
to this question my duty also.* The facts on this point are as follows :—

The results of the first expedition were confined to the discovery of single pieces of
coal on the strand of the southern islands. Dr. Rink found several localities of coal on differ-
ent places of Little Nicobar, Trice, Milu and Kondul. “These localities at which coal
oceurred proved, however, everywhere to be isolated masses varying from one to two inches in
thickness.” The incorrect (as already stated) designation of * brown coal formation” for the
sandstones and slates of the southern island might have been the cause of misunderstanding ;
but Rink himself (loc. cit., p. 63) expressed his results thus:—* There appears nothing
found on the Nicobar islands which would correspond with the coal formations of Seouth-
Eastern Asia. The coal localities were met with here and there without any order
either in sandstone or in slate, and appear to me therefore to be derived from driftwood
which was deposited with the clay and sand. I nowhere found anything which could indicate
an accumulation of plants in basin-like depressions, in which the plant would be grow-
ing in situ and through which the surrounding masses of clay would be impregpated with
organic ingredients and mixed with portions of plants. The question, therefore, still remains
pending whether those brown coals occur in considerable quantity, as the quantity and size
of the collected pebbles would seem to indicate.” ;

I also did not succeed farther than finding single fragments of brown coal. The first frag-
ments were met with on the strand of the small island Trice; it was a brown coal with con-
choidal fracture, but still with distinct structure of the wood. The pieces were all rolled, and
the largest—b6-inches long, 4-inches broad and 2-inches thick—was bored by Pholadide. 1 do
not doubt that these pieces were derived from the beds of the sandstone or sﬁa’,te of Trice; but.on
the opposite island Track, I was fortunate to knock out of the sandstone, iz situ, a small frag-
ment of coal also rolled. Exactly in the same way I also found small fragments of brown coal
on Kondul and on the south side of Great Nicobar, partly on the strand, partly on the
sandstone or slate rock, and it is certain that these pieces occur all through the group of islands.
The condition of all the brown coal fragments met with tends to show that they were only
singly imbedded driftwood pieces, which were changed to coal, not that they belonged to
large coal seams through the destruction of which they have come into younger strata. Only
on the strand of Pulo Milu have I obtained pebbles of true coal with laminated structure,
such ag is only to be found in seams. It is, however, much more probable that these pieces of’
coal came from the steamer “ Ganges™ accompanying the “ Galathea” in 1846, and stopping for
some time about Pulo Milu, than that they were derived from coal seams on the Nicobars.
I therefore entirely agree with Rink’s opinion, that so far as it is possible to make observa-
tions nothing speaks in favor of the existence of true coal basins on the Nicobars, and that
the occurrence of workable coal is not probable. However the area of Great and Little
Nicobar is large enough to hide under the thick primeval forest formations of which no trace

* This instruction runs:—According to the report of the naturalists of the Danish expedition, coal and pro-
bably also precious metals oecur. As far as this may be verified, anm%l:s in sufficient. quantity cught to he taken:
equally so in case of metals being fonnd. In geuoeral it is however (o reported, as regardg geological conditions,
how far concngrions can be drawn from the existing rocks as (o the occurrence of uesetnl minerals, &¢, Of the rivers
and eprings, the temperature should be meesured, &c., &c.
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muy be observed along the coast. Until the interior of these islands has been examined, the
question regarding coal on the Nicobars cannot be answered in any other way than it was
by the first expedition.

Equally unfavorable must be the opinion regarding the occurrence of ores or other useful
minerals. %othin of the kind has yet been found on the Nicobars. Gold and useful
minerals are partially rich on islands and along coasts which, viewed geologically, belong to
the same area of elevation as the Nicobars, as I have already pointed out. The natives
who long ago observed those fragments of coal, who use glass pearls, silver fragments, &c.,
as ornaments, who know the plants and animals of their islands pretty well, and who
have for all more common phenomena, for all useful products of the animal and vegetable
kingdom special names, these inhabitants have as yet found among the rocks of their islands
nothing that they would be able to make use of for ornament or other useful purposes. The
only traces of ore which I found were those of iron pyrites and copper pyrites, finely
disseminated through dioritic and serpentine-like rocks. The possibility of the occurrence of
copper ores in the eruptive formation cannot be denied; however, no discovery has as yet
been made which would indicate it. On the other hand, the islands ave rich in useful building
materials. The sandstones of the soutbern islind must give excellent working stones; the
plastic clays of the northern islands could no doubt be equally well worked into bricks ov into
pottery ; the natives of Chowry make Lirge pots of it.  Finally line is offered by the coral
reefs in inexhaustible quantity along the cuusts of all the islands.

II1.—The soil and its vegetation.
[ Only brief extracts of this section are given. ]

Dr. Hochstetter states that vegetation in its original state always indicates the character
of the soil, provided the atmospleric conditions are the same. This is, however, on the
Nicobars, highly the case. ‘Neither the difference in the latitude from the most northern to
the most southern islands (2} degrecs), nor the difference of the absolute elevation (the
highest hills on Great Nicobar only attzin about 2,000 fect above the sea), is large enough
to produce on the single islands, or parts of them, guch a difference in the climatal conditions,
that on it alone an altered charscter of vegetation should depend.  Rocks, soil and vegetation
are, therefore, on the Nicobars in such a degree related to each other, that the areas marked
on a map as indicating various rocks would almost coincide with those indicating the varieties
of vegetation. Unfortunately the sketching out of such maps for the larger inaccessible
islands is impossible ; to indicate it I can only attempt a representation of the small island
Milu (PL. 4, Fig 5.) and the north-western bay of Little Nicobar.’

“ The results of these observations may be seen in the following tabular view :—

Geological cbamcte\l" of the underlying
rock.

Character of sail,

Respective charncter of vege-
tation.

1. Salt and brackish swamp,
marine alluvium.

damp

Swampy ground not cepableof cultivation.

Maugrove-forest.

2. Coral conglomerate and coral sand, Fertﬂe'calcmous gsoil ; principal cons-| Cocoa-palm forest.
dry e alluvium, titucnrs, carbonate and phosphate of
lime.
3. Coral conglomerate and coral sand Fertile calcareous sandy soil. Large forest trees,
beside freshwater alluvium.
4. Freshwater swamp and damp fresh- | Swampy ground, capable of being culti-| Pandanus forest.
water alluvium, vated.
5. Plastic ciay, magnesian clay, marls | Not fertils clayey soil ; principﬂ consti- | Grassy plaing.
and partially serpentine, tuents, silicute of alumine and silicate
of magnesia.
6. Sandstone, slate, gabbro, dry river | Loose clayey, sandy soil, rich in alkalies | Jungle (the true primeval

alluvium.

and lime, very fertile.

§
fore:t t).
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* The Mangrove forest.—Several deep chunmels, rich in fishes and navigable by the
canoes of the natives, occasionally extend in serpentine turns through these mangrove swamps.
One meets not uncommonly at the end of such channels in a hii‘ﬁn locality villages of the
natives, as for instance, on Trinkut the pirates’ village Dschanoba.” (Janoba).

‘The brackish-water alluvium, the ground of the Rhizophori and Cerithia, must,
therefore be considered as a soil perfectly unfit for cultivation. It occupies only a small area
as compared with that of the islands, but it is nevertheless of a mischievous importance.
For it can justly be: said that the Nicobars owe their unhealthy climate principally to these
brackish-water swamps, as they occasionally extend for miles from the mouths of the rivers
into the interior. In these swampy districts, the change of the fresh to salt water causes a
decay of the organisms, which can only exist in the former, the reverse takes place in salt
water changing to fresh water. The ebb exposes large areas, and decomposition of the organic
life takes place, filling the air with most poisonous miasmas.’

Dr. Hochstetter says that he especially had opportunity of studying these marked
changes on a grand scale on the northern coast of Great Nicobar (west of the Ganges harbour).
On the other hand, the coral land appears to be fertile, capable of cultivation, ang healthy at
the same time, and the dry marine and freshwater alluvium, to which on the sea coast
belong the cocoa-palm forest, and further inland extending to the back of the hills, a beantiful
forest of various kinds of large trees.  This is the ground which the natives of these islands
have selected for their abode, finding here all the necessaries of life.

The cocoa-palm forest is described by Dr. Hochstetter as the picture of life, and he
thinks that if the cocoa-palms had not been there, the islands would have been probably
uninhabited up to this time. He further states that, taking the number of the inhabitants
of all the islands to be 5,000, there would be about five and a half millions of nuts required
for annual use. The annnal export of cocoa-nuts can further be estimated as about ten
millions, for Car-Nicobar alone exports between two and three millions. This gives fifteen
and sixteen millions of cotoa-nuts to meet the annual demand. On the northern islands, the
cocaa-palms occupy comparatively a larger area, while on the southern islands, especially on
Great Nicobar, they are nearly altogether wanting. The northern islands are, therefore, the
most thickly inhabited, and the cocoa-palms are there divided as property, but on the southern
islands they appear to be the free, common, goods of all.

*The Nicobarese not only lives on, but also in, the cocoa-palm forest, having selected for
himself not only the most comfortable place for his hut, but being on the dry coral ground,
exposed to the current of the wind, also the most healthy situation.’

¢ The high forest.—This is chiefly composed of large trees with rich foliage.” Several
valuable timber trees, and others, usetul on account of their fruits, are here mentioned.

‘The finest high forest I saw on the southern coast of Car-Nicobar.’

¢ The Pandanus forest, in which this remarkable tree suppresses all other vegetation,
except a few Areca- and Rotang-palms, occurs only on the swampy fresh-water alluvium
along the course of rivers and streams, especially near the sea where the rivers form more or
less permanent basins. Here it is Pandanus Milore, the largest kind of Pandanus,
which forms the forests. 1 believe that what we saw of the Pandanus forest on Pulo Milu,
was one of the most peculiar pictures of tropical vegetation seen during the whole of our
journey.’

¢ The Pandanus is not cultivated on the Nicobars; it is most flourishing in a wild state,
and is, after the cocoa-palm, the most important plant for the natives as regards food : it is
the truly characteristic plant of the Nicobar islangs.

¢ Grassy plains.—If one has succceded in marching from the flat coral-land through
the high and Pandanus forests, he generally reaches the foot of hills, rising on the larger
southern islands, on Great and Little Nicobar to a height of 1,000 to 2,000 feet above the
sea, but on the northern islands they are not above 500-600 feet. This hilly land certainly
occupies y to  of the whole area. It is composed of rocks of the gabbro and serpentine
formation, and of the clayey and sandy tertiary beds formerly noticed. The eruptive rocks
are comparatively of small extent. Where felspathic gabbro forms the ground, this bei
produced by the decomposition of the rocks may i: said to be fertile, it is covered with thic!
forest, but even the serpentine island Tillang-chong has a flourishing primeval forest. On
the other hand, a remarkable difference is perceptible in the vegetatiou of the tertiary ground.’
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¢The hills of the northern islands are to a great extent only covered with grass, those of
the southern, however, chiefly with a thick forest vegetation. This distinction rests upon an
essential difference in the composition of the ground. The hills of the northern islands
consist of a sterile argillaceous soil, those of the southern islands, on the contrary, of a fertile
calcareous, sandy-argillaceous soil.” .

¢ Where the most favorable tropical climate could produce nothing else, but stiff and dry
Lalang-grass (Imperata), and rough Cyperaces (Scleria, Cyperus, 5iplaceum), surely there
nature gﬁcle&ﬂy enough left the stamp of sterility, yet just between such grassy hills,
which from a distance look so homely resembling fields of corn, have the colonists on the
Nancowry channel built their houses and gardens. The grass grows now high enough above
their bunal grounds; the breakers play with the bricks with which they built the houses;
gardens and fields, every path has disappeared. On Car-Nicobar I saw these grassy plains
partially cut down, because the natives use the grass for thatching their houses, and on
Kamorta large strips were in flame.’

The grass vegetation, says Rink (loc. cit., p. 136), which to the greatest extent covers
these islands, is, i1n the valleys at the base of the hills, very thick and high; it becomes
however, higher up thinner and shorter. On the places which are sufficiently damp many
soft grasses may occur rich in juice; but on the tops of hills, where the dry magnesian
claystone locally penetrates through the scanty layers of soil, and is also partially covered
with a coarse ferruginous sand, while the showers of rain carry all the finer particles which
may be produced by decomposition into the valleys, there, as a rule, only dry and rough
siliceous G-raminee and Cyperacee are to be met with.

The area which may, therefore, in future be successfully cultivated is that of the southern
islands, composed of sandstone and slate, producing a fertile argillaceous sandy soil. On
Little and Great Nicobar with the small islands Pulo Milu and Kondul, the hilly land
may be estimated at nearly two-thirds of the total area. These islands are therefore in point
of colonization the most important, and a comparison with Ceylon and Pulo Penang
shows what could prosper where now impenetrable primeval forest covers the whole surface.

¢ Primeval forest.—This is of great extent, and the coast inhabitants of Great Nicobar
tell of the existence of a wild tribe, forest-men, (“ jungle men”), with long hair, inhabiting
small huts or trees and living upon honey, roots and game. But no European eye has yet
sighted these forest-people.” Dr. Hochstetter describes in vivid language the evermore forest-
clad parts of Great Nicobar, which were visited by some of the party along the deeply
indented water courses and ravines.

IV.—Springs, Streams and Rivers.

The annual rainfall of the Nicobars is unknown. But very likely it is considerable ;
1 think 100 inches is an exaggeration, because the two seasons, usually distinguished,—the
dry one during the north-east monsoons between November and March, and the wet one
during the south-west monsoons between April and October,—are not so strictly separated
on these islands as on the neighbouring continent, and according to (Present experience
showers are also not rare during the dry season. The driest month of the year may be
March. Woe had, during our stay on and ronnd the islands, in this month only three times
rather heavy showers of rain. In April they become more frequent, until in May and June
the south-west monsoon rolled constant and heavy clouds over the islands.

If, therefore, peculiar geological conditions do not facilitate a rapid flowing off of the
rain, the islands cannot have.in general a want of water. And of this we could convince
ourselves, inasmuch as the end of the dry season was unfavorable for the quantity of water
in streams and rivers. Even the smallest islands, like Pulo Milu and Kondul, though
their small streams hardly had any water flowing, still had an abundance of fresh water
in the numerous basin-like depressions of their beds. From the forest-clad heights of
Tillangchong still rippled out everywhere spring water. The numerous streams and
rivers of the southern large and woody islands, Little and Great Nicobar,
abundance of water all the year round. But the northern island, as far as the argi us
beds extend, appears to be deficient in water; this upecmllﬁ is the case on Nancowry,
Camorta, Trinkut, and probably also on Terressa and Bompoka. I found the small

streams on Nancowry and Camorta, leading into the Nancowry haven, perfectly dried
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up. The natives only drank cocoanut-water, and they probably obtain the fresh water
wiich they require for domestic purposes, &c., like the ﬁoi]ing of Melori, from the fresh
water swamps, which are locally to be met with in ravines. Of wells, except that made
near the virlage Malacca on Nancowry and which is now half in ruin, I saw nothing.
Car-Nicobar, however, though also composed of argillaceous strata, as the abovementioned
islands, has no want of good drinking water, because the large coral land raised from
8 to 12 feet above the level of the sea, permits the digging of ];ie“e remarkable wells, the
fresh water of which falls and rises witge the ebb anggtllpdi The explanation of this rare
phenomenon does not rest in the filtering of the seawater by the coral-sand, but is
rather the fact that the lighter rainwater floats on the heavier seawater, and the porous
coral rock only prevents tﬁe mixing of the two. I have seen several such reservoirs on
Car-Nicobar near the villages Mus and Saui, they were all dug from 8 to 10 feet
through the coral mass nearly to the level of the sea at its highest flood, and contained
goodusrinking water. Besides this, a river flows into the Northern Bay of Car-Nicobar,
which we named Areca River from the luxuriously growing Areca-palms on its banks ;
this river is navigable with flat boats two miles upwards, and near the small rapids which
one meets it also offers good drinking water, containing only a small portion of calcareous
constituents in solution.

I have not become acquainted with any mineral or warm springs. The clay-marl
rocks of the Nancowry haven are, however, seen covered with an inch-thick incrustation of
sulphate of magnesia (epsom salts) in fine fibres with a silky lustre; this indicates a quantity
of sulphate of magnesia in the clay-marls, and by digging holes in them, epsom salt waters
E]:}? probably be obtained, such as is the case with the bitter sandy-marls near Bilin in

emia.

V.—Obsorvations on the temperature.

As we had, according to our instructions, to measure the temperature of rivers and
springs, and as this task fell to my lot, as far as opportunity offered itself, I would put upon
record here the few observations in this respect, besides a few remarks on the temperature. .

a.—Temperature of the different waters.

23rd February, on Car-Nicobar, water in the well near the village Saui in 8 feet
depth in perfect shade . 257C,
27th February, on Car-Nicobar, Areca river in the shade of the primeval forest ... 250C.
4th March, on Tillang chong, western side, a spring in the shade of primeval forest 25'6C.
4th March, on Tillan g chong, another spring < 260C.
8th March, on Nancowry, old well of the Moravian Brothers near the village
Malacca, water in 8 feet depth in shadow .. 267,C.

If it were permitted to make from these few observations a conclusion upon the mean of
the annual temperature of the Nicobars, this mean would be 25'58C. (=78'04 Fahrt.)

I have also measured the temperature of several other wells and streams, but as their
water was temporarily exposed to the sun, very different results were obtained, as for instance :
onCar-Nicobar

ET TS

24th February, well near M us, water in 3 feet dzipth ... 270C.
25th » a stream between Mus and Sau .. 37'8C.
26th » river near Saui . 20'0C.
onCamorta
9th March, two streams with muddy stagnant water e s w. 270C.
on Pulo Milu
18th March, stagnant stream water . 26'5C.

b.—Temperatures of the soil.

To obtain further materials for the determination of the mean annual temperature
T made a few observations on the temperature of the soil, and these gave the following
results:—

8th March, on Nancowry near the village Inuang, the thermometer, after it had been
exposed in a permanently shaded place for 8 hours, showed, when buried in 3} feet
depth underground
20th March, on Kondul, also in 3} feet after 6 hours .., .

These two observations give, as did those made in water, an
annual mean of " ... 26'5,C. (=779 Fabrt.)

257,C.
263,C.
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This result is smaller than the records known up to the present, but these also do not
rest upon sufficiently decisive observations. Rink, who, during a stay on the islands between
January and May 1846, never saw the thermometer under 25°C. and never above 83°C. in
perfect shade, believes 28°C. to be the most probable mean.

According to Johnston’s Physical Atlas, the line indicating the temperature of the sea
surface of 80-5C passes just across the group of islands, the annual isothermal being 26-1C.,
with the January isothermal of 25°0C, and the July isothermal of 27:2C.

As regards the monthly means, we obtain from the observations of the Danish Corvette
Galathea every four hours:

for January 1846 e ooe e 28-2C.
,» February ,, . - 28:6C.
According to the hourly obscrvations on board of the Frigate Novara the mean is+
For the days 23rd,—28th February 1858 .., . 2720 .

o e 20th Mareh L 3730 ) mean 2725C

With this agrees pretty fairly the soil temperature which I measured at a depth of
one foot.

On the 26th February near Saui . 277C.
» 3 20th March on Kondul we 27°0C. » mean 27:26C.
» s 26th ,,  on Great Nicobar ... .. 27°0C.

Finally, with regard to the daily means, they will be found for the time of our stay on
the Nicobars in the observations recorded on board of the vessel. It occurred to me when
on Car-Nicobar to see whether the temperature of the water of young cocoanuts, when
freshly cut down from a tree standing in shadow, would not indicate approximately the mean
daily temperature. I found on the 26th February, in two nuts, a temperature 27-2C. and
274C., as a mean 27-3C. The journal kept on board of the. Frigate gives for the same
day, as mean, also 27'3C.

DONATIONS TO MUSEUM.

Micraster cor-anguinum.—Hertford, England, presented by A. Tween, Esq.

Belemnites levis, (2 spec.); B. clavatus, (1 sp.); B. vulgaris, (2 spec.) B. cylindricus,
(2 spec.) B. sub-aduncatus (2 spec.); B. striolatus, (1 spec.); B. tubularis, (2 spec.);
B. penicillatus, (2 spec.) ; B. sulcatus (1. spec.); T'rigonia, Denlalium, Fish teeth (Stones-
field), &c. presented by Prof. John Phillips, Oxford.

ACCESSIONS TO LIBRARY.

From 1st AreiL To 30TH JUNE 1869,
Titles of Books. Donors.
ARGYLL, DUKE oF.—Primeval man, 8vo., London, 1869.
BoureuieNaT, M. J. R.—Mollusques Nouveaux, Litigieux ou peu connus, 8vo., 1868.

Bronw, Di. H. G.—Klassen und Ordnungen des Thier-reichs. Vol. V, pts. 9, 10, Vol. VI,
pt. 4, Leipzig, 8vo. 1869.

BrowN, R.—Miscellaneous Botanical Works of—Ray Soc. Vol. III, 4to., London, 1868.

Browng, J. R.—Reports on the Mineral Resources of the United States, Washington,
8vo., 1868. THE AUTHOR.

Doop, GEorGE.—Dictionary of Manufactures, Mining, Machinery and the Industrial Arts,
London, 12mo., 1869.

Dorxa, ProF. ALEX.—Catalogo delle Leoneidi o stelle meteoriche osservati nel 1867.
Giervats, PauL.—Zoologie et Paléontologie générales, Parts 8, 9, Paris, 4to., 1869.
GouLp, A.—Otia Conchologica : Descriptions of Shells and Mollusks, Boston, 8vo., 1862.
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Titles of Books. Donors.
Hanrey, S.—Catalogue of Recent Bivalve Shells, London, 8ve., 1842—1856.

Jaccarp, A.—Matériaux pour la carte Géologique de la Suisse, Liv. 6. Jura Vaudois et
Neuchatelois, with 2 maps, 4to. and fol., Berne, 1869.

KagrsTEN, DR. G.—Beitriige zur Landes-Kunde der Herzogthiimer, Schleswig und Holstein,
I, Reihe, Hft. 1, 4to., Keil, 1869.

Maack, De. G. A.—Die bis jetzt bekannten fossilen Schildkroten und die im oberen Jura
bei Kelheim (Baycrn) und Hannover neu aufgefundenen iltesten
arten derselben, Paleontographica, XVIII, pt. 6, Cassel, 4to., 1869.

MarTiNEZ, D. M. DE GoNGORAY.—Antiguedades prehistéricas de Andalucia, Roy. 8vo,
Madrid, 1868. '

PHILLIPS, JoHN.—Vesuvius. fep 8vo., Oxford, 1869.

Picrer, F. J., Matériaux pour la paléontologie Suisse ou recueil de Monographies sur les
fossiles du Jura et des Alpes, pt. 4, No. 2, 4to., Geneve, 1869.

PoxsoN, A. T.—Traité de I'exploitation des Mines de Houille, Vol. I, with folio atlas, Liege,

8vo., 1852.
QuaRITcH, BERNARD.—General Catalogue of Books, London, 8vo., 1868. B. QuaritcH.
QuensteDpT, F. A.—Petrefactenkunde Deutschlands, Vol. II, pt. 1, Leipzig, 8vo, 1868,
with atlas.

RE1p, H.—A practical treatise on the manufacture of Portland cement, with translation of
Lobwitz’s treatise, 8vo., London, 1869.

ScHIMPER, W. P. H.—Ttrrité de Paléontologie Végétale, Vol. I, Paris, 8vo., 1869, with
Atlas.

SoMERVILLE, MARY.—On Molecular and Microséopic Science, 2 Vols., 8vo., London, 1869.

STEWART, J. L.—Punjab plants, comprising botanical and vernacular names, and uses of the
trees, shrubs, and herbs, Lahore, 8vo., 1869.

StyrrE, KNUT.—Elasticity, extensibility and teusile strength of iron and steel, London,
8vo., 1869.

VictoriA GOVERNMENT.—Prize essays, 1860, 8vo., Melbourne, 1861.
WaITNEY, J. D.—Geological Survey of California, Palazontology, Vol. II. pt. 2, roy. Svo. 1869.

PERIODICALS.
American Journal of Conchology, Vol. IV, pt. 4, Philadelphia, 8vo., 1868.

American Journal of Science and Arts, 2nd Ser. Vol. XLVII, Nos. 139, 140, New Haven,
8vo., 1869,

Annales des Mines, Paris 8vo., 1st Series, Vols. 1 to 13, 1816-26; 2nd Ser. Vols. 1 to 8,
1827-30; 3rd Ser. Vols. 1 to 20, 1832-41, 4th Ser. Vols. 1 to 20,
1842-51.

Annales des Mines, 6th Ser., Vol. XIV, 1868, Vo. XV, 1869, Paris, 8vo.
L’ADMINISTRATION DES MINES.

Annals and Magazine of Natural History, Vol. I1I, Nos. 15, 16, 8vo., London, 1869.
Beitrige zur Geognostischen Kenntniss der Erzgebirge, pt. 3, Freiberg, 8vo., 1869.
Engineer’s Journal, Calcutta, New Ser., Vol. XII, Nos. 16, 17, 18, 4to. Calcutta, 1869.
Geographische Mittheilungen, edited by Dr. A. Petermann, Pts. 1, 2, 3, 1869, 4to., Gotha.
Geological Magazine, Vol. VI, Nos. 2, 3, 4, 8vo., London, 1869.

Journal de Conchyliogie, 3rd Ser. Vol. IX, No. 2, Paris, 8vo., 1869.

Journal of Travel and lilsaésral History, edited by A. Murray, Vol. I, No. 6, London, 8vo.,

Malakozoologische Blatter XVI, } Bog. (Dr. L. Pfeiffer) Casscl, 8vo., 1869.
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Titles of Books. . Donors.

Martini und Chemnitz, Sytematisches conchylien cabinet, Vol. III, Heft XXVI, Lief. 189,
4to., Nurnberg, 1868.

Neues Jahrbuch fiir M{lslgrgalogie, Geologie, und Paleontologie, Heft 1, 2, Stuttgart, 8vo.,

Palontographica, XVIII, 6. Cassel, 4to., 1869.
Palzontographical Society, Vol. XXTI, 4to., London, 1868.
Novitates Conchologice, by Dr. Pfeiffer, Vol. I, pt. 33, Cassel, 4to., 1869.

Novitates Conchologicsm, Supp. III, Monog. d. Molluskengattung Venus, E. Romer, Pts. 16,
o 17, Cpassel, 4to., 1%. &

Poggendorff, J. C., Annalender Physik und Chemie, Leipzig, Indices, 8vo., 1844-54-65.

Professional Papers on Indian Engineering, Vol. VI, No. 23, Roorkee, Roy. 8vo., 1869.
PriNcIPAL, THOMASON COLLEGE.

Quarterly Journal of Science, No. XXII, London, 8vo., 1869.

Quarterly Journal of Microscopical Science, New Series, No. XXXIV, London, 8vo., 1869.
Revue Universelle des Mines, de la Métallurgie des travaux publics des sciences a I'industrie.
12me annee, Parts 5 and 6, Brux, 8vo., 1868.

GOVERNMENT SELECTIONS, &C. (FROM THE GOVERNMENTS).

Benear.—Hill Tracts of Chittagong and the dwellers therein, by Captn. T. H. Lewin,
Calcutta, Roy. 8vo., 1869.

» Report on th;‘ rizsults of the administration of the Salt Dept. for 1867-68. Cale.,
'ol. 1868.

» Report on the external commerce of Bengal for 1866-67. Calcutta, Fol. 1868.

” Report on the Financial results of the excise administration in the Lower Prov-
inces for 1867-68, Fol. Calcutta, 1868.

Report on the administration of the License Tax under Acts XXI and XXIX of
1867 in the Lower Provinces for 1867-68. Calc., Fol. 1869.

Report on the drainage and conservancy of Calcutta, 4to., 1869. Calcutta.

BouBaY.—General report on the administration of the Bombay Presidency, 1867-68. Roy.
8vo. Bombay.

BueMaR.—British Burmah Revenue Report, 1867-68. Extract from proceedings in the
Foreign Department, No. 234. Moulmain, 8vo. 1869.

’ Extracts from Broceedmgs of the Chief Commissioner, British Burmah, in the

Home Department No. 264. Vaccination Report, 1867-68. 8vo. Ran-
goon, 1868.
Inp1a.—List of civil oﬂ%celrs holging gazetted appointments on the 1st January 1869. 8vo.
al. 1869.
,  Annals of Indian Administration, 1866-67, Vol. XIL pt. 4, 1868. Serampore,
8vo. 1868.

" Bibliotheca Indica, Ain-i-Akbari. New Series, No. 167. Calcutta, 4to. 1869.
» Geographical and Statistical report of the Topographical Survey of Chota Nagpore
Division, 1868. Calcutta, Fol. 1869.
MapRas.—Selections from the Records of the Madras Government. Annual Report on Civil
Dispensaries for 1867, 8vo., Madras, 1869.
N. W. ProviNcEs.~Selections from Records of Government, North-Western Provinces, 2nd
Series, Vol. I, Nos. 3, 4, 8vo., Allahabad, 1868.

» Selections from the Records of Government, North-Western Provinces,
2nd Series, Vol. II, No. 1, 2, 8vo., Allahabad, 1869.
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Titles of Books. Donors.
OupH.—Selections from Records of Oudh. Carriage for troops, 8vo., Lucknow, 1869.

»  Report on the Revenue Administration in the Province of Qudh for year, 30th
September 1868. Lucknow, Fol. 1869.

PunJas.—Annual Report on vaccine operations in the Punjab for 1868. Lahore, Fep. 1869.

Report of the Lahore Medical School for the year ending 31st March 1869.
Lahore, Fep. 1869.

»” Annual Report of the Lahore Lunatic Asylaum for 1868. Lahore, Fop. 1868.
' Selections from the Records of the Government of the Punjab and its Depen-
dencies. New Series, No. III, 1869. 8vo,. 1869.
TRANSACTIONS OF SOCIETIES, &C.

BerLIN.—Zeitschrift der Deutschen Geologischen Gesellschaft, Vol. XX, pts. 3, 4, 8vo.,
BerLIN, 1869. THE SoCIETY.

BrusseLLs.~Bulletins de 1’Académie Royale des Sciences, des lettres et des beaux-arts de
Belgique, Vols. 1 to 23, 1832—56.

” Annuaire de I'Académie Royale des Sciences et Belles letters. Bruxelles,

”

12mo., 1836—b7.
’ Mémoires Couronnes et Autres Mémoires, Vol. I to XIV, Bruxelles, 8vo.,
1840-62.
CaLcurra.—Records of the Geological Survey of India, Vol. I, pt. 2, 8vo., Calcutta, 1869.
THE SURVEY.
» Journal of the Agricultural and Horticultural Society of India, New Series,
Vol. I, pt. 3. THE SOCIETY.
» Journal of the Asiatic Society of Bengal, Vol. XXX VIII, pt. I. Nos. 1 and 2.
pt. I1, No. 2, 8vo., Calcutta, 1869. THE SOCIETY.
v Prooeedings of the Asiatic Society of Bengal, Nos. 4, 5, 6, 1869, 8vo., Calcutta,
1869. THE SoCIETY.
» Rules of the Asiati¢ Society of Bengal, 8vo., Calcutta, 1869. THE SOCIETY.

CHRISTIANIA.—Gaea Norvegica, Parts I, II, ITI, Christiania, Folio, 1838.
RoyaL UNIVERSITY OF CHRISTIANIA.

' Mémoires pour servir & la connaissance des Crinoides vivants, by M. Sars,
Christiania, 4to., 1868. RovarL UNIVERSITY OF CHRISTIANIA.
» Om Underberget ved Kongsberg og om Guldets Forekomst Sammesteds, by

Th. Hiortdahl, Christiania, 8vo., 1868.
Rovar UNIVERSITY OF CHRISTIANIA.
DrrspEN.—Sitzungsberichte der naturwissenschaftlichen Gesellschaft Zsis, in Dresden. Jabr,
1868, Nos. 7, 8, 9, 10, 11, 12, 8vo., Dresden, 1868. THE SOCIETY.
GENEVA.—Mémoires d’ I’ Institut National Genevois, Vol. XII, Genéve, 4to., 1869.
GorriNgEN.—Nachrichten von der K. Gesellschaft der Wissenschaften und der Georg-Augusts
Universitit aus dem Jahr, 1868, Gottingen, 12mo., 1868.
THE SocCIETY.

LisBoN.—~Memorias da Academia Real das Sciencias de Lisboa, Nova Serie, Vol. I, pts. 1, 2;
Vol. I, pts. 1, 2; Vol. III, pts. 1, 2, Lisboa, 4to., 1854-65.

LonpoN.—Journal of the Society of Arts and of the Imstitutions in Union, Vol. XVII,
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ON THE BEDS CONTAINING Si1LICIFIED WooD IN EasTeRN ProMEe, BriTisH BurMaH, by
‘Wu. THEOBALD, JUNR., Esq., Geological Survey of India.

No fact relating to the geology of Pegu is better known than the abundance of silicified
wood occurring in the valley of the Irawadi, but as no detailed account has hitherto been
published of the beds from which this fossil wood has been derived, it is my intention in the
present notice to give such a sketch of them as will show their most salient points of interest
and facilitate the recognition of the group elsewhere, where its occurrence might from its
mineral character be overlooked and its beds confounded with other and more recent deposits.
At the same time I shall, as much as possible, restrict myself to the area of Eastern Prome
and to the fossil-wood group proper, only incidentally alluding to the great series of beds
with which it is intimately connected, and on which it rests, as each group has a marked
facies of its own, is generally, as a rule, easily recognizable and characterised by entirely
different organic remains, though the balance of evidence as yet tends to prove a
from one to the other and an undisturbed sequence in the beds composing them. e
foesil-wood group, t0o, is the smaller and, as regards its organic remains, the simpler of the
§wo, and can therefore be treated by itself more conveniently than in connexion with the
lower, from which the organic remains require much additional study and comparison with
living species, for which very imperfect facilities at present exist.

The most familiar form in which fossil-wood occurs in the Irawadi valley is that of well
rolled and polished pieces of from one to six inches in length, distributed through the coarse
shingle which underqies the ordinary alluvial clay of the province and is freely exposed in the
bed of the Irawadi at a variety T)?placee, as, for instance, under the station of Thaiet-mio
and on the opposite bank under the deserted fort of Miadé. Opposite Prome also a
great thickness of this gravel, less coarse than at Miadé, but equally well supplied with well
worn and rounded fragments of fossil-wood, occurs, fully 30 feet thick, and nsing to a height
of about 60 feet above the present flood-level of the Irawadi.*

Besides the ordinarily sized pebbles of fossil-wood, there occur in the gravels towards the
frontier, as close to Thaiet-mio, for instance, well rounded logs of silicifi-d wood, some two
or three feet or more in length. These, of course, have never travellel very far from their
original site, and we accordingly find the parent beds of this qussi-ubiquitous fossil-wood
in force but a very few miles from the river, whilst irrefragible evid-nce presents itself of the
former extension of these beds over & much larger area than now occupied by them even as
far south as Rangoon in the chips of logs of fossil-wood o a size too great for distant
transport, either resting on some lower member of the grup, or encased in more recent
deposits, the detritus of the beds which originally envelped them, and with no greater
change of position than that wrought by the mere action of gravity during the long process
of denudation going on around them.

It is not ea.sivery precisely to describe the distribution of this group without reference
to a map, but in Eastern Prome the area it occupies may be taken at something less than

* The coarse character of this gravel or shingle, the well rounded and polished condition of its ingredients,
consisting of the hardest silicious rock, and the somewhat mixcd size of the pebbles, secm to me Hlmtly in
favor of the marine origin of this gravel at a period dent to the of the p river valley, when
the sea was wearing away the shaly rising beds I am now sbout to describe, thongh T cannot so much as guess at
the source of those silicious rocks of which most of thy pchhles consist, so different are they from anything now found
in the neighbourhood, or I might say province.
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700 square miles, of which not more than a bare fifth or sixth is covered by the highest sandy
bed with which the foesil trees are associated, and which from its incoherent character has
everywhere suffered to the greatest extent from the action of denudation. There can be no
doubt that the entire group formerly extended as an uninterrupted deposit far below the
latitude of Rangoon, though the highest member of the group with its associated foesil-
trunks does not extend down now in force nearer than 130 miles or thereabouts to that town,
or not south of the Tounguyo nulla. The exact termination to the south, however, of this
fossil-wood bed is rendered very obscure, by its merging, so to speak, in the debris which
has resulted from the waste of the group, and beneath which it sinks and is lost sight of.
That it formerly extended much further south is rendered certain (and perhaps the occur-
rence, in situ, of patches beneath the newer accumulations at the present time is also indicated)
by the occurrence of pieces scattered about within the area of the detrital beds above
mentioned, of a size such as to preclude the idea of transport from adistance ; as, for instance,
between the Okhan and Thonsay streams, where a log of not less than four feet in length is
embedded in a mass of confused detritus fully 656 miles south of the spot I have assumed as
the southerly limit of the group containing the fossil wood sn situ. Smaller pieces of fossil
wood are found much nearer lgan oon and in cuttings in the neighbourhood. These pieces
on my first visit to Rangoon, and before I entertained any suspicion of the connexion of
the beds at Rangoon and those containing the silicified wood, I was inclined to regard
as brought to the spot by human agency, as the Burmese are fond of surrounding their reli-
gious buildings with Eosts of this wood “Engin chouk,” but I am now convinced that
such is nct the case, but that the pieces in question are derived either from the wasted
and missing upper beds or from the lower ones of the group still remaining, which, as
I shall show, contain the same fossil-wood, though sparingly and never in the same sized
pieces as the upper or emphatically tke fossil-woodsied of the province. Thus the fossil-
wood in the Prome district occurs in two distinet formations and under very different
conditions, »iz., in the form of entire trunks iz sitz or fragmentary pieces, but little rolled,
and in well worn or polished pieces, some of large size, but more frequently as pebbles, which
form a conspicuous ingredient in the recent gravels.

Below I give, in descending order, a table of the main divisions into which the miocene

beds east of the Irawadi- may be divided, the upper three of which constitute the fossil-
wood group of which I am now treating :—

Miocene.
(Descending).
Fossil-wood group.

(a).—Sand—in parts gravelly and conglomeratic—characterised by the profusion of
concretions of peroxide of iron associated with it; fossils, trunks of silicified
exogenous wood and locally mammalian bones. 1In the subordinate beds of
eonglomerate, rolled fragments of wood as above, silicified, (that is, mineralized
subsequently to their entombment), mammalian and reptilian bones and teeth
of casilaginous fish.

(b).~Fine silty clay with a few small pebbles mixed with sand in strings here and there
the whole very fine and homogeneous and devoid of fossils.

(c)—A mixe(} asserblage of shales, sand, and conglomerates, the last very subordinate,
partaking much of the characters of bedsa—b; a little of the concretionary
groxide of iron Fossils, rolled wood silicified; mammalian and reptilian

nes and cartilagmous fish teeth. Towards the base, the beds contain marine
shells, and pass into those of the next group.
Pegu Group.

(d).—An enormous succession of sandstones and shales of unknown thickness and not

usually fossiliferous. Particelar beds, however, contain fossils in profusion :
(. 9., d-1.—Hard sandstone with corals (Cladocera).
d-2.—Blue Kama clay, highly fossiliferous.

d-3.~Cytherea Promensis bed or Prome sandstone,

and numerous others which cannot be specified till their fossil
contents have been more especially examined).
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(a).—This bed which we may fairly suppose to have been once co-extensive with the rest
of the group is now tireatly diminished in area by denudation, which its mineral character
even more perhaps than its position at the top of the same has tended to encourage, so that
even within the area where 1t is at present best preserved it by no means constitutes the
entire surface, being everywhere deeply scored through to the underlying beds below. The
surface is everywhere protected by a gravelly layer composed of small quartz pebbles and
ferruginous concretions derived from pebbly strings and irregular courses of conglomerate
dispersed through the sand, which readily washing away leaves the residual layer in
question at top; to the protection afforded by which against further waste, the existence
of what still remains of this incoherent beg is largely due. This surface layer is of
variable thickness, its development being, to some extent, a measure of the denudation
this group has undergone. On the surface and impacted in it at different depths where
it is very thick lie logs of silicified wood of all sizes from a foot or s0 to trunks of 40 and
50 feet, not entire, but jointed up into pieces of various len through spontaneous fracture,
probably brought about by their own weight, and i ar subsidence during the removal
of the friable matrix wherein they were originally encased. Though, as a rule, these large
logs occur as described in a gravelly debris, they sometimes occur relatively to the incoherent
sand so as to leave no doupt of its being the {ed wherein they were originally deposited,
and on which they mz,f’ be sometimes seen apparently in situ, as between Thanat-ua and
Kiungee, and not only in this bed but in the beds beneath it, the same fossil-wood occurs,
though in smaller pieces, and much less abundantly. The larger logs are quite unrolled,
but the smaller pieces are often rounded by transport, though never to the extent seen
in the pieces of fossil-wood contained in the recent gravels. When this sand rises into
hills, the sides are invariably steep, and not unfrequently scarped, exposing a clean vertical
section of sand with its crust of gravel at top. This sand weathers into curious pinnacles
wherever an isolated stome, sheir stick, leaf, or other foreign body has afforded shelter
from the direct impact of rain, and the incoherent rock all round washing away eventually
leaves the protecting substance perched on a slender pinnacle of sand, which recalls the
similar phenomenon of the *earth-pillars of Botten” figured by Sir C. Lyell in the 10th
Edition of his * Principles.” -

In color this sand is greyish, very fine and uniform, and with only a certain admix-
ture of impalpable argillaceous matter forming, where exposed to traffic, a fine dust, or,
in the beds of streams where the argillaceous portion has been removed by water, a clean
silver sand. very fatiguing to travel over. Though the sand I am describing unquestion-
ably contains silicified wood, yet it seems probable from the great abundance of large
trees strewed over the surface, that they existed more plentifully in that topmost portion
which has almost disappeared through denudation leaving only these bulky memorials behind
it, than elsewhere. ’FE: structure of the wood has been to a considerable extent obliterated
by decay before its mineralization was effected, and all that can be definitely said of it is
that the wood is exofgenous and not a conifer. I have remarked but one species in Prome,
though the Burmese, from trivial distinctions in color and weathering, affect to recognise the
modern Enjin (Hopea suava) and the Thiya (Skorea obtusa), an identification of course quite
illusory. This wood nowhere exhibits any traces of marine action as might have been
“anticipated had it floated about till water-logged in a brackish or purely salt estuary, and
hence it may be inferred with considerable probability that it floated about in a fresh-
water sea, or chain of lakes fed by a sluggish stream, till it sank where it _beca.me
ultimately silicified. It must at the same time be remembered that the wood found in beds
containing marine fossils is also free from perforations, but these are small pieces, much
rolled prior to their entombment and probably under conditions on some sub-marine bank
unfavorable to the presence of either glwlaa or Teredo. In some pieces of fossil wood
I have noticed minute tubular cavities (perforations?) about ‘02 or less in diameter, which
might have been produced by some insect whilst the trunk was still standing, but such
cases are rare. Associated with this sand, and forming sometimes irregular beds in it, or more
frequently lenticular courses, now thickening, now thinning out, occur some hard sandstones,
sometimes very fine grained, at others a pebbly grit, or even coarse conglomerate. No regular
position in the sand can be assigned to these subordinate layers, but the fine hard sandstone
often occupies a high position in the deposit, whilst a coarse conglomerate is not unfrequently
met with towards its base, Both sandstone and conglomerate are usu:.gf richly charged
with shark’s teeth of small size (Lamna), the conglomerate being usually ossiferous as
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well, though throughout the deposit the ocourrence of bomes is irregular, capricious,
and local.

A good section displaying the relation of these %rit-courses to the less coherent rock
around them, is seen in the hills about three miles east of Shuebandor, or about fifteen miles
east of Aldn-mio. The hills are here steegly cit in the bed I am describing, the surface
being covered with the usual gravel, with abundance of silicified wood and ferruginous
concretions, the former completely blocking many of the deep gullies cut on the hill side.
Strewed about here may likewise be seen numerous lustrous fragments of iron slag, from
the native furnaces once scattered over these hills. The sand here presents its usual incohe-
rent, typical character, but a compact sandstone, passing into a coarse grit in patches, is
somewhat freely developed in irregular lenticular courses in it. On the surface of the inco-
herent sand at this spot, and evidently weathered out of it, I picked up a fr&ggxent of the
lower jaw of a deer, and from the immediate vicinity I collected mammalian bones, mostly
ill preserved and entary, shark vertebre and teeth, and chelonian plates (Colossockelys
dndp two species of E'mys). In the great slabs of grit lying about amidst tke debris of the
wasting sand which enveloped them shark’s teeth were plentiful, nceompa.nging mammalian
bones and fragments of wood, many of which had been perfectly rounded by attrition
before they were embedded. These pieces of wood are, however, not common. Another
locality where bones are still more abundant is one-half mile north-east of Talok, or fourteen
miles north-east of Thaiet-mio on the east bank of a stream not marked on the map. Bones
are here far fromr scarce, but friable and ill preserved. They occur both in the incoherent
sand and also in the coarse grit and conglomerate associated with it, together with shark’s
teeth and small pieces of wood. At this spot there is a good deal of coarse conglomerate,
and in accordance with the indications afforded by these coarser beds we find the bones
of a r size, and many of these much rolled and abraded before they were finally
embedded. Here I got a fragment of the lowel;li'a.w of an elephant, together with fragment-
ary portions of the imb bones of that animal, all imperfect either from original violence or
a\:{seqnent decay, the former cause certainly operating in some instances.

I may here remark that the bones found in this group (within the area I am now concerned
with) are not all in the same mineral condition. The majority are somewhat imperfectly mineral-
ized and consequently decay very readily when bared to the atmosphere by the wasting of the
surrounding rock, and this I am convinced is the reason of so few bones being found on
the surface, even in sﬁots where the rock is seen to contain them somewhat plentifully.
A few fragments may here and there remain, but most of the bones noticed by me were so
tender, that it was clear that a short exposure to atmospheric action would reduce them to
crumbling masses, which would break up and leave scarcely a trace behind them. A bone is,
bowever, here and there found in the water courses well mineralized and calculated to defy
atmospheric action, but the scarcit*hof these ents attests that such is not the usual
condition of bones in these beds. at these well mineralized bones are derived from the
same beds as the more friable ones is undeniable. The best mineralized bone perhaps met
with was the part of a deer’s jaw above mentioned, and this most certainly was Serived from
the soft incoherent sand whereon I picked it up. The astragalus of a ruminant (Cervine?)
found also by me during a former season, was in like manner an isolated example of well pre-
served bone, though being found in a small stream its parent bed was not demonstrable. In
Upper Burmah well mineralized bones are probably more common to judge by those which have
been at various times collected there, and the difference is merely the result of different condi-
tions at the time of their deposition, such as we might expect to prevail, and depending pro-
bably on the irregular access or supply of silica in solution. That the supply of this silica
must have been at some period abundant is testified by the enormous amount of silicified
trunks everywhere met with, but the horizon of these is certainly higher than that at which
the bones in question occur, and although small pieces of silicified wood occur commingled
with the bones, it does not therefore follow that the same abundant effusion of silica took
glwce at_the time of their deposition as subsequently occurred when whole forests were silici-

ed, and this I should be inclined to regard as the true explanation of this condition of

most of the bones in this sand, viz., an insufficient supply of silica in solution.

As arule, it is not, however, in the sand but in the coarser and more conglomeratic beds
that the bones seem mostly to occur, of which a good instance is seen midway between
Omouk and Lema, some 19 miles east-south-east from Thaiet-mio. Here a great bed of
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conglomerate is seen dipping 807 south-east in which I noticed the tusk of a small elephant,
but too friable to be extracted from its hard matrix, together with other bones, all in a poor state,
and more or less injured by rolling about on a coarse shingle before their final consolidation.

Next to the presence of silicified wood, a remarkable development of conocretionary
peroxide of iron seems to characterise the sand I am deseribing. The ore occurs occasionally
as a thin band, up to perhaps a thickness of three inches, bresking up or jointing into
rhomboidal concretionary masses of different sizes and shapes. More usually the ore occurs
in the form of variously shaped concretions from one to four inches in length, though occa-
sionally even larger. These concretions are found in both the sand and conglomerate, to
which last when numerously developed they impart a peculiar varnished look, which might
sometimes be almost styled (but for the technicality of the term) viscous or slaggy. The
more usual shape of these concretions is flattish oval or amygdaloidal, but they occur spherical,
cuboidal, oylindrical, with both flat and hemispherieal ends, discoidal and any intermediate
form, but always symmetrically proportioned, and the ‘résult of a segregative action or pro-
cess in the clayey and ferruginous components of the be¢ when in a plastic condition. Of
whatever shape however, their structure is extremely uniform, consisting of an external erust
of concentric layers of brown hematite surrounding a kernel of pure white or yellowish
clay, lying loose and shrunken in the interior.

Externally these nodular concretions are roughened from the adhesion of the sand enve-
loping them, but this rough crust scales off readily, leaving their surface perfectly smooth.
Internally they often present a blistered appearance from the mammillary crystallization
of Limonite which lines them, becoming on exposure to the atmosphere and rain lustrous and
varnished. 'Where the bed has been of too bharsh a character to permit the regular
gation of the ore, it is found lining sinuous cavities in the coarse matrix, leaving flat,
approximating walls, evidently produced by shrinkage, which gives such portions a very
peculiar aspect and one which simulates a viscous condition. In some places even a botryoidal
structure is indaced where the rock is less coarse.*

The thickness of this upper sand cannot be closely estimated, but 40 feet is probably
more than the average thickness of what now remains of it.

(3).—Below the last described sand occurs a deposit of very uniform character composed
of pale silty clay which passes upwards into the overlying sand. This silty clay is very
fine, thin bedded and homogeneous, with merely a few strings of sand here and there, and
an occasional small pebble in the sand. It is everywhere seen at the base of the last bed
into which it seems to pass, though their respective characters constitute a good means of
demarcation between them. It is entirely devoid, as far as observation goes, of organic
remains. A §ood section of this silty clay is seen south of Thanat-ua, between Aldn-mio
and Kiungalé, but the bed presents no special point of interest.

It is also largely exposed in section 1} miles east of Talok on ascending out of the
stream (previously noticed as unmarked in the map), but it merely presents the same uniform
character and absence of fossils, which distinguish it elsewhere. ere the upper sands have
been completely denuded so as to leave exposed a large area of this bed, an undlzlﬁting country
is the result, possessing a marked character. The surface of the country does mot there
greatly differ in appearance from that seen within the area of the alluvium, and it would not

* Under the Burmese rule this ore was extensively smelted, but no farnaces are now here at work in the
district. Remains of furnaces which were merely rectangular kilns, cut in the firm alluvial clay of some steep
bank, which gave easy access at top for replenishing ore and fuel, and below for withdrawing the products, are
numerous about Shuebandor, InnEa é, and Yebor, together with slag-heaps, sometimes of no inconsiderable
dimensions. Throughout the area of these upper sands, however, slag may be found here and there scattered about,
a8 the iron-workers shifted their sceme of operations from spot to spot, wherever charcoal and ore was for the time

most plentifual. The works must have in many cases been conducted in the dry season only, as the hearths of some
. still standing open into the beds of streams which d rain would certainly have found an entrance
to them. The blowing apparatus was probably the effective vertical cylinder bellows formed of large bamboos still
in use in the district by blacksmiths, but the oldest inhabitant could give me no ganiculm of the manufacture,
as none of the class of iron-smelters now remain in the district. The introduction of English iron and steel hag
doubtless been the main cause of the abolition of this branch of industry, aided by the harsh and injurious system
of the Burmese officials during the early stmfgles with the British, but in some places it was alleged that the fron-
workers had fled the country to avoid being forcibly transported to Calcutta to make iron for the terrible foreigners.
This may secm very absurd, but those who know the ingrained credulity and ignorance of Asiatics will be fnclined
to give some weight to the resson stated, though it is probable that this fear, strongly as it may once have operated,
h; 12: lox::der folt, though the state of the market and the price of iron now ruling in Pegu prevents the resuscitation
of the trade.
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be easy in a limited space to discriminate the clay in question from the ordinary alluvial
clay of the valley. ere, however, freely exposed, it presents much the appearance of a
‘regur,’ save in color, which is a pale yellowish-gray, quite devoid of any tinge of red which
the alluvial clay generally possesses, and equally so of the dusky carbonaceous hue of a
regur. From some peculiarity in its composition or hygrometric qualities it in dry weather
opens out in great cracks, and is always covered with a sparse crop of stunted grass in
separate tufts, and a tree jungle of a peculiar aspect from the dwarfed character of the
trees composing it, present among which are the Toukkian (Zerminalia macrocarpa), Te,
(Diospyros. sp.), and the “Shabiu” of the Burmese (Phyllanthus emblica).* The country
around Liaidi comprising the doab between the Pade and M yo-hla streams is composed of this
clay with sparing remnants here and there of the upper sands. It is largely exposed, too, in
the broad valley about Lepaldh (Let-pan-hla) and between that village and Chouk-soung
(“stone fang”). Towards the mouth of the Myo-hla stream near Toukkian-daing,
(Htouk-kyun-deing,) this clay forms the open country and is dug for making pottery.
It might here be readily mistaken for the alluvial clay of the valley, but for the occurrence here
au&n:ﬁere strewed over it of small pieces of silicified wood derived from the denuded sands which
once covered it. The thickness of this bed I cannot estimate, but I should mnot place it
under 40 feet ; how much more cannot be determined.

(c) —Below the last described clay, a group of beds occurs of rather varied character,
resembling, to some extent, the beds both above and below it. It contains, though sparingly,
the same description of fossil wood as the sands at the top of the group, and some of its
beds present characters very similar to portions of those begs; whilst towards its base, it
appears to pass insensibly into the lower group characterised by marine fossils. It is,
however, generally very devoid of organic remains, though, as a convenient lower horizon to
it, I have taken a sandstone which is Ifenera.lly recognisable where the junction is clear, by
a fow organic remains not very well preserved, among which a coral (Cladocora) is most
charactenistic, which we may regard as the highest member of the lower group.

A section of these beds is seen in the Kini-choung (Kyeeneech) above Mogoung,
which may be taken as illustrating their general character, and some ﬁportions 80 resemble the
ossiferous sands and gravels of the upper beds that I searched confidently, though in vain,

among them for like fossils. .
escending).
Pebbly sandstone e *ﬂ) e seen, about ... 60 O
Pale silty shale ... [ . 3 6
Very false-bedded pebbly sandstone w 18 0
Harsh sandstone, rather i s w 01
Comrwt yellowish silt with a central band of kidney-shaped nodules 1 to 2 feet
n diameter ... w 20
Gravelly sand .. - w 03
Yellow pebbly sandstone . o - 380
Pebbly conglomerate, loose and gravelly... e ... (a fow feet).
74 9

This section, though not a thick one, will illustrate the general character of the u per
portion of this division (¢). The silty shale much resembles the shale in division 5, whilst
the sands equally recall the uppermost sands, (2.) Close on the horizon of the above section

* The clay above described and the sandy beds of the same group, respectively, offer good instances of the
connection of particalar soils with particular kinds of vegetation. So generally does this hold good in Pegu that in
some instances it affords a good empirical criterion of the geological formation b th. In the area of the fossil-
wood sands, the most prominent tree is the Eng (Dj teroca?m‘ grandifiora), and this tree so commonly affects a
gandy soil that the Burmese call such goils, whether within the limits of the fossil-wood sand ‘{)ro r or the zone of
detrital accamulations skminf the hills, *“ Engdaing,” or the tract of the Eng tree, and though, of course, Eng trees
are found on other descriptions of soil, yet it is on this sandy belt that the Eng flourishes most vigorously from
probabl{vming tt’hel'exletm’iooml;i)ted with by other trm v)vell c‘ll?lfd ‘n;: it il'm- ;Hundy soil. ;;'VI:% )“ T]\:in{l‘” (&oga
obt ,) the ‘ Kanyin" iptomagvualata, and the “ Engyin” (Hopea suava, ,) oqually affect the
nn‘:;' “ Engdaing,” tho not in suflicient numbers to characterize the forest. On the other hand, these trees
abhor the cﬁ described above and are most miserably dwarfed on it. The Toukkian (Terminalia macrocarpa),
though dwarfyed, seems to answer best on this clay,but from some cause or other it does not seem favorable to vegetation.
I think this must be due rather to its hygrometric properties, than to any injurious ingredient in it, and that if
artificially irrigated, it would give better promise to the cultivator than the densely wooded sands to which it offers
80 unpleasant a contrast.

Bamboos are not usually much develo) on the Engdaing, and a striking demarcation is not unfrequently
scen where the Engdaing meets the boundary of the older beds on which bamboos flourish with great luxuriance.
The Burmese are fully ul?ve to this fact, and If an enquiry is made regarding a village, say, if it stand within the
En| “ﬁ' will angwer it negatively, “it is among the bamboos,” an expression quite equivalent in their minds to
saylug it 18 nof on the Engdaivg where bamboos are rare and never are the characteristic vegetation,
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must probably be placed the ossiferous beds, at the top of the river reach above Talohmhor
(Keng-yua in map), yellowish sands pebbly at top and passing up into rather soft conglo-
meratic sandstone containing bones, both mammalian and chelonian, shark’s teeth and
vertebree, fossil-wood and rolled fragments of oysters and other shells.

A small but instructive section is also seen of these beds in the Myouk Naweng, a little
below Thambyagon (Tham-bya-ga-gon), where gale silty shales are seen supporting a great
thickness of rusty incoherent sand traversed by thin layers of shale and a coarse quartzose
conglomerate with clay galls and cavernous hollows incrusted with a layer of the brown
hsematite, as seen in some sandy beds of the upper division (@). In this conglomerate I found
mammalian bones, shark’s teeth, and a small log of fossil-wood about two feet long of very
similar character, though less completely mineralized than that found so abundantly in bed a.
‘No other fossils were discernible here, nor, as a rule, throughout this division, though towards
its base, sandstones come in containing marine shells and corals, though neither plentifully
nor well preserved. These marine beds, however, are naturally more connected with the

reat group which follows immediately below the present, and which nowhere contains the
ossil-wood so characteristic of the present group.

It only remains to add a few words on the very close restriction to the eastward of
fossil wood after leaving the area of the fossil-wood group. Nowhere within the area occupied
by this group is fossil wood, in pieces of the largest dimensions, more liberally distributed
than along the eastern margin of the deposit along which it is everywhere found abundantly,
but directly the boundary of the group is passed there is an o0st complete absence of
fossil wood, even in moderate sized pieces. A very close and careful search in some of the
larger nullas may result in finding a piece here and there for some few miles from the
boundary, but that is all, and the question at once presents itself, —has this fossil-wood sand
extended formerly across the ranges to the eastward and to the Sittang Valley, or was its
extension in that direction limited by a boundary somewhat corresponding in its general
direction with the present boundary of the group? Without any detailed knowledge of the extent
‘of the group on the eastern side of the Pegu range, we know the single fact that this
fossil-wood group occurs in the Sittang Valley, and this and the presumed conformity of it
with the lower group which constitutes the bulk of the intervening ranges of hills, would
strongly lead us to regard the group as having once stretched uninterrupted?y from the valley
of the {rawadi across that of the Sittang, or over the entire country bounded to west and
east, respectively, by the Arakan and Poung Loung chains. That this must have been the
case with the great bulk of miocene rocks so largely developed in this part of the Irawadi Valley
is certain, but one argument, though a negative one, is, I think, sufficient to make us pause
before accepting the igea of a continuous extension of the fossil-wood bed over the same
area as those of the group below it. This argument is the absence which I have alluded to of
fossil wood for a distance not far short of 50 miles, that is, throughout the entire breadth of
country occupied by the precipitous hills and tortuous streams of the Pegu range. When we
reflect on the large size of some of the silicified trunks which may be said to strew the
.country along the eastern boundary of this group in Eastern Prome, and the abrupt
cessation of any save the veriest traces thereof, and these but for a short distance from the
boundary, and consider also the imperishable character of much of this fossil wood as
evinced by its abundance in the har and well worn gravels of the Irawadi Valley, we
are irresistibly led to question the former extension of this fossil-wood bed across a
belt of country wherein it has left no traces. The evidence is about as forcible as negative
evidence can be. Additional weight is also given to it by the fact, that its admission presents
no difficulties, but quite harmonises with the process which the geological history of
the district seems to indicate as having occurred. We have only to suppose that the
deposition of the vast series of miocene rocks developed in Pegu proceeggd uniforml
(during, possibly, a synchronous elevation, in a gradual manner, of the ocean bed) tilyl'
the entire series, save the topmost members, had been defosited. Lacustrine conditions
we may now presume to have supervened over portions at least of so large an area, and
the elevation of the Pegu range of hills commencing about this time would cause the
first land to appear on a low belt of country occupying in its general arrangement the
present line of the Pegu range. In other words, the deposition of the uppermost beds
of the group and notably of the fossil-wood sands would be arrested along a line of country
not greatly differing from the present boundary of the group. The elevation of the
Pegu range and its corresponding disturbance of the adjoining strata certainly continued
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down to a period subsequent to the final deposition of the fossil-wood group, though from
the mineral character of the upper beds, any movements they have been subjected to are
with difficulty determined, and these movements may have, to some extent, interfered
with the effect of a coup d'zil, but from several points of elevated ground beyond the
area of the fossil-wood beds, I have been struck by the manner in which those beds
were spread out; on alower level, in a fashion strongly suggestive of their accumulation
under lacustrine conditions along a stretch of elevated country almost coincident with the
resent boundary. This is notably the case at the extreme north of the district near the
%ritish boundary above Teybin and Bilugon, and is also to be remarked elsewhere, though
the forest is so dense that 1t is rarely one is able to get a glimpse of any large extent of
country. Had it been otherwise than here supposed, it would be extremely hard to under-
stand how the imperishable testimony of fossil-wood logs and fragments had been so com-
pletely removed from the hilly tract, where as a matter of fact they are wanting. They are
certainly the hardest bodies met with, and having held their own among the quartzose rocks
which comprise the bulk of the Irawadi gravels, must, a fortiors, have no less successfull
withstood the destructive action of denudation amidst the softer miocene beds whioﬁ
alone are met with in the Pegu ranges. I need not, however, dilate more on this subject,
which will be readily enough cleared up when the geology of those regions above the present
British frontier comes to be carefully examined into which these fossil woods extend, and
wherein they seem to be more largely developed than within British territory.

MINERAL PRODUCE OF INDIA.

Towards the close of the year 1868, I solicited from the Commissioner of Kumson
(and some other officers) information as to the quantity and value of the minerals raised and
brought to market within their jurisdiction. Such local operations, where minerals are
rzi?s‘:% solely for local use, and in reality are never exported, or, only in very small quanti-
ties, even transported from one district to another, taken separately, are of small importance,
but when aggregated for the country at large, they represent an amount and value which
must be very considerable. And these small local mining operations can only become known
by the assistance of the local officers. To Colonel H. Ramsay, C. B., Commissioner of Kumaon,
I am indebted for the returns now given for Kumaon and Gurhwal. The information
has been collected, under his orders, by Mr. Lawder, Civil Divisional Engineer, Kumaon.
Mr. Lawder was for several years one of the office staff of the Geological Survey, and

ossessed, therefore, a general knowledge of the subject referred to him, and has evidently
sevoted himself with zeal to the collection and preparation of information.

I was, I confess, surprised at the quantities stated to be raised and the extent of the mineral
industry. Viewed merely as a source of employment of labour, these returns show the equiva~
lent of the continuous labour during every day in the year of no less than 154 persons,
and yet the effoct is scarcely felt beyond the narrow limits of the province itself, excepting in so
far as this local supply obviates the necessity for imports of materials from elsewhere.

MINBRALOGICAL STATISTICS OF KUMAON Division, collected under instructions from
THE COMMISSIONER, CoLONEL H. Ramsay, C. B, by A. W. Lawbper, Esq., Civil -
Divisional Engineer. :

My endeavours to collect reliable memoranda of the mineral resources of Kumaon have
not been so suceessful in their result as I could have wished. The entire absence of reliable
pative information, and the general unwillingness exhibited by the inhabitantstospeak
at all on the matter, arising from the fear that any knowledge they might communicate
would perhaps eventually be the cause of increased rental demand or of the appropriation
by the Government of the land in which the minerals occurred, have presented many
difficulties. The information obtained from the Bhoteeas was given with great reluctance.

Owing also to my having but little surplus time to devote to the full elucidation of the
subject, the memoranda supplied here are doubtless somewhat imperfect and incomplete ; my
duties, although carrying me to all parts of the Kumaon district, confine me (with some
exceptions) more partieularly to the roads, and I have probably repeatedly passed by old
mines, or places rich in minerals, in utter ignorance as to their existence, not to mention
other places remote from any frequented thoroughfare. '
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In the following notes I am indebted to reports already published for much information.

The principal economic products in the Kumaon Division are the following : gold ; copper;
lead ; iron ; arsenic; sulphur; alum; lignite ; bitumen; limestones ; flags; slates, &c., &e.

DEerarn or LocALITIES.
: Kumaon District.

CopPER.—Ores of this metal are found at Rai in Gungoli, Sira Barabisi,
Kharai, Kemokhét (each bank of Luddya river), Geewar, &c., &ec.

Rai—This mine is the principal one in the Putti. The ore is chiefly pyrites,
and occurs in a matrix of steatitic and talcose schist. I visited these mines in the
winter of 1868-69, and found the mines closed up by a landslip, and the entrances full of
water. The ore is extracted by means of drifts slightly inclining upwards to allow for
drainage, as appears to be the mode most generally adopted throughout the hills. A
specimen of ore which I found on the spot seemed rich. I also discovered slight traces of
copper pyrites in quartzite near Gunai in Athagaon Putti.

Sira Barabisi.—S{ra is noted for its copper mine. Dolomitic and talcose rocks form
the gangue. The ore is a mixture of copper and iron pyrites.

Kharai—Goul is the principal mine. The ore is worked in the same manner as at Rai.
Steatite and limestone are the neighbouring rocks, the former being the matrix principally.

Kemokhét.—Copper is found in small quantity on the east bank of the Luddya
river in Kali Kumaon. I have seen no specimen of the ore.

Geewar.—There is a small mine of copper in this Putti.

At Gurung and Chinkakolly there are mines which have been closed for some time;
also at Beler and Shore.

IgoN.—Iron is found in Dhuniakote, Agar, Geewar, Kutoli, Ramgurh,
Tullf Rao, Chowgurka, &c., &c.

Dhuniakote—There are the remains of some mines or burrows just opposite the
shginf‘:nngalow on the left bank of the Khyrna river. The ore is heematite, occurring in
irregular masses in quartzite. The rocks in the neighbourhood are more or less impregnated
with oxide of iron. ql‘hese mines are now unused.

There is also a mine south of Semulkha in this Putti, and another in Utehakote,
both now unworked.

Agar.—This Putti is very rich in iron ore, almost every village having its mine.
The ore seems to be a brown hmmatite. It oocurs here generally in or clefts, and
sometimes in irregular masses. The rocks in the vicinity are silicious. Only a few of these '
mines are now worked to any extent. ,

Geewar.—Iron occurs in quantity in the neighbourhood of the villages Khetsari,
Maelchour, Tilwara, Simu“khét, Gudi, and Burlgaon. I can give no opinion
as to the kind of ore, having no specimens.

Kutoli.—At Suyalgurh there is some iron ore which is mot at present worked
to any extent.

Ramgurh.—There are several mines in this Putti, some largely worked.

Munglalékh.—This mine in Tulli Rao Putt{ is highly esteemed for the quality
of its ore, which is raised in quantity.

MChaugurka.—-The ores of iron are plentiful in this Puttf, and are worked in somie
places. :
At Jhirratolf in Dardn the ore is magnetic.
Dechouree and Khirpatal.—There is not, I believe, any ore, being at present
worked by the Kumaon Ironworks Company. ‘

GBAPHITE.—This mineral crops out at Kaleemut hill to the north of Almorah in
the Jaﬁésur raoge, and on the spur of Baninee Devee, facing Almorah on the
Lohughat road. .
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Gurhwal District.

GoLp: Sona River.—This stream rises in the lower ra of hills, and joins the
Ramgunga river in Putti Dhidn. Its sands yield gold, and the bed of the Ramgunga
below the junction is auriferous. The washing 18 not very profitable, scarcely averaging
4 annas a day to each workman.

Taluka Chandi.—The sands of the Ganges running through Chandf{ contain gold,
but the profit arising from the washing is not greater than in the Sona river.

Correk: Dewalgurh.—The Dhanpur and Dhobri mines yielded largely in
former times, but of late years operations have not been so vigorously carried on, owing to
the intricacy of the workings, and tg: idea prevailing among the miners that very little ore
remains in the mines. e ores are principally copper pyrites, and grey or vitreous copper
ore, with the red oxide and green carbonate in smaller quantities. The matrix is calcareous.
Galena is associated with the copper ore.

Nagptir.—There are several mines here none of which appear to be at present worked.

Leap: Dhanpur; Tacheeda.—These mines do not seem to be extensively carried
on. The ore is galena, and the matrix principally of silex, with varying proportions of
felspar and calcspar.

There are some lead mines at Ghertee in the snowy range between Milum and
Niti which have been long since deserted, also at Rallum, Bainskum on banks of the
Goreeriver, and Baidlee Baghir.

IroN: Tulli Chandpoor.—This ore is probably a hematite with a little magnetic
iron. It has a slight repelling action upon the needle.

Tulli Kaliphat.—This specimen resembles specular iron ore.

Mulli Dussoli.—The specimens are highly magnetic and rich in ore.

Tulla Chandptr, Rajbtinga.—This hematite ore is largely worked.

Nagptir.—This ore gives no definite result with the ordinary rough tests. It may
possibly be a carbonate of iron.

Lohba.~—Here a rich heematite is raised in quantity.

Mulla Nagpir.—The ore is most probably hematite.

Painu.—This ore is brittle and hard, and sses the iron black colour and metallic
lustre of magnetic iron, but the specimens of it failed to affect the compass in the manner
characteristic of that ore. Tt may possibly on analysis be found to contain manganese, and
if s0, it will be an interesting mineralogical discovery.

Iriakote~It is difficult to s:{ what form of ore this is. Its streak fails to convey a
definite iden of its composition. It would appear to be an hydrous form of sesquioxide of iron.

Pokri.—These mines have been reported on by several officers.

SuLpEUR.~This mineral is found both in Kumaon and Gurhwal. In the former
district at Moonsyaree, in the northern parts of the district, and there are also some
sulphureous springs, as that at Nynee Tal. In Gurhwal it is found in the range of hills
to the north of the Pindur river within a couple of marches of Nundpriag; also at
Mulla Nagptr and Mulli Dussoli, but is not now collected to any extent.

AgseNic.—Yellow arsenic (Hurital) is found in the northern parts of the district near
Moonsyaree. Only small quantities are brought down to the Bagésur Fair by the Bhooteas.

LiaNiTe.—Indications of lignite appear near Raneebagh, close to Huldwanf, and
in the streams of the sub-Himalayas north of Nujfbabad. 'fhey do not give promise of
any workable fuel, and judging from the experience obtained in other parts of the hills, it is
questionable whether any lignite deposits will ever be discovered of such extent that they
will repay the cost of opening them up.

An analysis of a specimen of the Ranibagh lignite gave—

Carbon o0 “ee e oo e 600
Volatile matter ... e .o s vee 364
Ash e e see v "er 36
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The percentage of ash 36 contrasts favorably with that of .the ordinary Indian
coal raised in Bengal. The ashis colored by the presence of iron.

BrTUMEN or mineral resin (Salajit*) occurs near the summit of many mountains where
it exudes from crevices in the rocks. :

In the neighbourhood of Kotegaon, Gowarseo, sonth of Paoree, it is seen near
the top of large cliffs, and is worked by natives by means of a scaffolding suspended from
the summit. I am unable to state the amount of it extracted. It is generally used as a medi-
cine and exported to the plains. Medicine from Salajif is also prepared in Gunguli
illl) Ku :]1 aon, but I have been unable to ascertain from whence the mineral is originally
obtained.

LiuestroNE.~The Kumaon hills are prolific in limestones, occurring both in immense
masses, exhibiting various shades of color and structure, and as local Tufa deposits.

In the newer geological formations of the lower hills it occurs sometimes as a light
colored rock, and sometimes as the cementing material in conglomerate beds and very frequently
as Tufa deposited by local springs and streams. The process of deposition is most active
during the monsoon rains, and in nearly all the springs emanating from limestone rocks, the
waters are highly charged with calcareous matter.

These tufaceous deposits occur less frequently in the higher ranges, but there the blue
hard limestones generally containing silex, and other hard varieties, prevail, forming well
defined beds, and In many instances they are the predominant rocks of some of the larger
hill rans. Small blocks of very pure black limestones are sometimes to be met with, and I
have picked up some small nodules of kunkur in the Luddy a river.

The princl:ipd material utilized by the natives of this district is Tufa, it being more
easily burnt and prepared, and more suitable to the kutcha kilns in ordinary use. Where it
has 1n its composition a little iron it seems to yield a strong mortar.

The localities in which lime is manufactured are very numerous, the most important
being Naini Tal and Jeoli for use in the neighbourhood.

In the Kharai range, half-way between B&Eésur and Almorah, from which the latter
station is almost wholly supplied. At Chitaill, in the hills north of Dwara Hat; at
Simulkha, Baital éhat, and Dekolf, in the Kosi valley, for consumption in the
works in progress in the new military station at Ranikhét, and on the new cart-road from
thence to Ramnagar. There is also lime, somewhat silicious, in Agar Putti, in the
Retha GAr range, Athagaon, and in almost all the hills in Gunguli. At Ramésur
it skirts the road for miles.

It also occurs near Khyrna on the Almorah road, at Mulwa Tal, and in Geewar, &c.

RoorING SraTES, &c.—Roofing flags are very plentiful in the district of Kumaon, and
are generally micaceous or chloritic.

At Chitaili ncar Dwara Hat there are some beds of imperfectly metamorphosed
clay slate, the planes of cleavage seeming to occur almost in the same lines with the bedding.
The quar? was formerly used to some purpose, but owing to the neglect of former owners, it
has been for years filled up with debris, so that I was unable to observe the beds properly.

Clay slate occurs also in the neighbourhood of Naini Tal, but the cleavage is im-
perfectl dew;eloped. There area couple of quarries on the banks of the Ramgunga in
Sult Putti.

BurLping Srongs.—Almost everywhere in the district within easy reach good
building stone is to be had. At Almorah fine-grained evenly-bedded quartzites and
mica schist form the hill itself, and supply material not to be excelled for

* Mr. Lawder is here in error in calling Salajit biturnen or mincral resin. It is an alum or native sulpbate
of alumina which forms on the aluminous shales in the hills. At least such is the 8alafit of Nepal, where it is
well known and from which it is more largely exported than from Kumaon. Wonderful medicinal virtues are -
attributed to it, and in the plains it often sells for its woight in silver (scc Notice of a native eulphate of alumina
from the aluminous rocks of Nepal, by J. Stevenson, .» Supt., H. C. Balt Factories; Journal, Asiatic
Society, Bengal, Vol. II, p. 331. Also On the alum or Balajit, of Nepal, by A. Osmpboh, Assistant Sur-
gwn &c., &c., ibid, p. ; also asecond note by Mr. Stevonson, p. 605). Whether the mineral referred to
¥ Mr. Lawder be really the sume as Salgjit 1 cannot assert,—T. OLpBaAM.
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durability and facility of dressing. Mica schist seems to form the prineipal beds for
some distance to the east and west of Almorah, reaching to Dwara Hat and Massi
on the west, Palf, Ranikhét, Sfahi, Devi, Dole, and towards Kalf Kumaon
to the east, and also in the formation of the Jagésur and Binsar ranges to the north.

At Naini Tal the stones used are limestone and clay schist.

At Ranikhét a pale colored gneiss forms both a handsome and a lasting building
stone.

Sandstone is abundantly found in the lower hills.
Gneiss and chlorite schist are used frequently as building stones in the district.
Imports—The chief importations are Borax (Tincal),SaLT, and GoLp from Thibet.

Borax.—Borax is obtained from the borders of a lake at Chappakanni, a few koss
from the Kylass mountain in Thibet.

It is collected from June to September and sold at the several fairs—Ganpa, Gupa
Chin, Sibbillum, Chakra, Taklakhal, Dhabakar, &c. It is purchased here by the
Bhootea traders and brought down to Bagésur. At these fairs the price of crude borax is
something under 2 Rupees per maund (about 50 seers), and in the same state it fetches
from Rs. 8 to 9 per maund at the Bagésur Fair, which is the chief mart of the
Jowari traders. The borax bought up here is despatched to Ramnagar, where it is refined
and redisposed of at about Rs. 22 to 24 the maund.

Traders from the Byanse, Chowdanse, and Darma Passes transact sales of
borax at Dharchula and Burmdeo, and the Gurbwal Bhooteas from Niti at Kanaseo
and Ramnagar, nearly all the borax is disposed of to plains traders—

Probable amonnt of borax brought through Milum Pass in 1868-69 e 17,000 mds. .

Probable amount of borax brought through Darma and Byanse in 1868-69... 15,000 ,,

Probable amount of borax brought through Niti and Mana jn 1868-69 ... 15,000 ,,

TOTAL ... 47,000 mds.
L — —

SaLT.—Is found at Rhuduk in Thibet, and is sold at the same fairs as borax. It is
also found at Silungsakka in Thibet—

Probable amount imported vid the Jowar Pass (Milum) in 1868-69 v 4000 mds.
Probable amount imported vid Darma and Byanse in 1868-69 ... 8000 ,
Probable amount imported vid Niti and Mana in 1868-69 . 2,000 ,,

Torar ... 9,000 mds.

Salt is gurchased in Thibet at the rate of 1 Rupee 12 annas per maund (roughl
measured) and sold at Bagésur or Almorah at from 5 to 6 Rupees per maund. Almost dyl'
the salt imported from Thibet is consumed in the hills.

GorLp.—Is found in many of the rivers in Thibet; at Silungsakka, &c.; it is sold at the
same fairs as the salt and borax either in nuggets or in grains. About 10 to 12,000
Rupees’ worth is brought down annually, some of which is disposed of in the hill
districts (Kumaon and Gurhwal), probably about one-third, and the remainder most
likely finds its way to Delhi, Agra, &c., &c. It is sometimes found to contain copper.
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Captain Garstin, in submitting the numerical retwrn from Gurhwal, says—

¢ The return has been prepared from statements sent in by Putwarees, and I do not think
any great reliance can be placed on their correctness, as it must have been most difficult for
them to find out the information required; the people working the mines themselves not
having the slightest idea of the amount of ore they either collect or sell.

“The copper mines in Dhanpur used formerly to bring in a much larger revenue than
they now do; the fact being that the shafts have been sunk so deep into the hill, and the
P are 8o intricate, that very few people will venture into them. The miners also say,
that ge mines are nearly worked out.

“There is, one may say, no export of ores from this district, the mines worked only
being sufficient to supply the wants of the people. :

“T re that I cannot give further information, but the agency at my disposal is
400 limito e enabls e o solloss any that T would deem trustworthy.”

1st July 1869. A. W. LAwDER.

The mines noticed in the above return have been known for many years. Some of
themn were noticed by the earliest European visitors to these hills. And when there was no
communication with other countries and no supply of imported metal, they were naturally of
higher importance and of greater value than i later years, when their rudely extracted
products have had to contend with European manufactures. The earliest description, in any
detail, of these sourees of mineral wealth was given by Captain J. D. Herbert in 1829
in his report on the mineral productions of that part of the Himalaya mountains between
the Sutlej and K4li (Gégra) rivers, &c. (Asiatic Researches, xviii, Pt. 1,227). In this almost
every locality noted above is mentioned. Dhénpur and Dhobri at that time paid a revenue
or royalty for the right of working of Rs. 1,200 per annum; Gangiili and Sira of Rs. 1,000;
Pokri Rs. 600. The localities, modes of working, and rocks are described, and the means
of improvement noted. The iron and lead mines are also noticed, as well as the non-
metallic products of the hills—sulphur, alum, bitumen, graphite, borax, limestone, &c., &c.
The inaccessibility of the various places is also noticed.

In 1838 a rt on the copper mimes of Kumaon by Captain H. Drummond appeared
in the Journal of the Asiatic Society of Bengal (vol. vii, p.934). In this he gives the results
of an examination of many of the mines by a practical Cornish miner, Mr. Wilkin, whom he
had brought out from England. The Rye (Rai) and the Sheera (Sfra) mines, both noticed
above, are specially referred to. Mr. Wilkin recommended certain trials and improvements
in the mode of working, taking a favorable view of the prospects. An experimental trial
was then made with the view of opening a regular mine at Pokri, in Gurhwal. , Extensive
workings had here been carried on from very early times, and one mine, called the Rajah
Khén or Rajah’s mine, had, it is said, yielded in one year more than Rs. 50,000. At the
time alluded to (1838-39) the right of mining was leased for Rs. 100 per annum. Two
galleries or adits were commenced, one in each of the two ravines in which the copper was
known to occur, the Rajah Khén and the Chumitti ravines, about 500 yards apart. Up
to May 1839, 149} feet had been opened in the Rajah Khén drift, and 111 feet in the other.
(Lieute7nant Glasfurd, On the experimental copper mine in Kumaon, Jour. Asiat. Soc., Beng.,
viii., 471).

The work was continued until June 1841, when the estimated cost had been largely
exceeded, and as no sufficient returns were obtained, the trial was finally stopped. At that
time 2574 fathoms of ground had been driven through. In addition to the two old mines
noticed above, the Rajah’s and Chumitti (or Chaomuttee), a new opening was made, when good
specimens of ore were found near the surface, but at a depth of 15 fathoms they ceased, and
.at 234 fathoms it was abandoned. Details are given by Mr. Wilkin as to other mines in
the neighbourhood of Pokri also.

The total sum expended in this experimental trial was Rs. 7,384 and there was realized by
sale of copper during the time Rs. 779}. Mr. Lushington, who gives these details, mentions
the real obstacles to success which have to be contended with. The distance of the mines
from the plains, the slowness and expense of carriage, the cheapness and abundance of
English copper, the superficiality of the mines yet known, and the want of coal are all
serlous drawbacks, ‘
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At the.time Mr. Lushington wrote (1843) the mines of Dhanpur were rented for Rs. 1,700
per annum in 1812. Under the Ghoorka Government, the rent fixed for mines for the whole
rovince was only Rs. 3,600 (Company's Rupees). Since 1815, when Kumaon was conquered
By the British, up to 1846, the average revenue derived by the British Government was for
copper in Kumaon Rs. 800 to 1,200, in Gurhwal Rs. 2,086, the highest revenue for any year,
for all mines being Rs. 5,417. Iron yielded an average of Rs. 1,900 in Kumaon, and Rs. 226
in Gurhwal. (Account of experiment at Khotree copper mine, with notices of other copper
mines, by G. S. Lushington, Esq., Commissioner, (Jour. Asiat. Soc., Beng., xii., 4563).

Again, in September 1845, Mr. Sigismund Reckendorf, Mining Engineer, reported on
the same mines, (JPour. Asiat. Soc., Beng., xiv, 471). Dhénpur and Pokri are on opposite
sides of the Douliganga, each about six miles from the river, or 12 miles apart. Dhanpur
is 1,000 to 1,600 feet higher than Pokri. Both are said to be on the same layer of talcose
slate, which is stated to head north-15°-west. Mr. Reckendorf thinks, indeed, that the whole
of the known copper mines from the Nepal terai on the east to beyond the Pokri mine on
the west are only parts of one layer of no great thickness, sub-divided occasionally into
two or three! He considers the ore not to occur in a regular lode or vein, but in a bed.
He thought all previous trials had been misdirected, as they had been carried out in the
old workings, and that new ground altogether ought to be opened up. He formed a much
poorer idea of the chances of success at Dhobri, but considered that everything tended to
show that at Pokri copper could be obtained in large quantity. He urgently deprecates,
however, Government attempting anything itself.

In 1854 the Hon'ble Court of Directors sent out Mr. W. Jory Henwood, with two
mining assistants and an iron smelter, to examine and report on the metalliferous deposits
of Kumaon and Gurhwal. After going over all the districts, Mr. Henwood reported in
May, 1855. This report gives much useful information, but, so far as regards the copper
mines, the opinion formed was most unfavorable, and indeed condemnatory. Speaking of
Pokri he says: “We have never before seen a spot so scantily sprinkled with ore, and
offering, in our judgment, so small a prospect of improvement so extensively and perseveringly
workx.” (Belections from Records of Government of India, Home Department, viii, p. 5).
The greater part of the report is devoted to the rich iron deposits of these hills, regarding
which we cannot at present speak. _

Snb-equentl&ut;o this (1856) I know of no systematic attempt to work the copper mines
of Kumaon or hwal. The native miners have, however, continued to delve out annually
in a wretohedly insecure way a few hundred maunds of ores, an amount which, from
Mr. Lawder’s returns given above, appears to be more considerable than I should have expected.

The Geological Survey has not yet had an opportunity of visiting these hills.
October, 1869. : T. OLpHANM.

COAL-FIELD NEAR CHANDA, CENTRAL PROVINCES.

Since the first notice of this field was published in the Records of the Geological Survey
(August 1868, p. 28), a systematic examination of the field has been commenced. It was
fally pointed out by Mr. W. Blanford, in the paper referred to, that the country was in parts
so covered that it would be impossible to obtain any satisfactory knowledge of its structure
without bo'rini: or sinking. Since then two skilled borers and boring tools have been
obtained from England, and further sets of tools are on their way. The sesson had alresdy
far advanced before these were available, and as the rains were then near at hand, it was
considered desirable that these men who had just arrived, and who were therefore quite
unacquainted with the peculiarities of life in this country and of the climate in which the
were to work, should, for a time at least, be kept where good house shelter could be obbinedy. .
The work was placed under the immediate charge of Mr. M. Fryar, M. E.,, Mining Assistant
on the Geological Survey. And he was requested to select spots for boring within reach of
Chanda or Ballarpur during the rainy season and to keep the men at first together, so
that they could aid one another in any giﬂiculty which might occur at first starting.

Under Mt. Fryar's instructions the first bore-hole was commenced in the beginning

of June. This bore-hole (No. 1) was very near the south-east corner of the boundary of
the Nuggeena Bagh, north of the native town of Chanda. This bore was put down 80 feet
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and was then stopped, “as the material bored through continued to be simply stiff sand.”
A seoond bore was thew commenced about 230 feet from the first, in the direction of the dip
of the rocks,—about east-15°-north. This passed through the following section :—

2 Of the same material as fo No. 1 bore-hole.

Total .. © 0

At this depth, 40 feet, this bore-hole was also stopped.

No. 3 was then commenced atabout 450 yards still further in the direction of the dip,
or into the field, or about 627 yards from No. 1. This bore-bole was near the junction of
the Ghimoor road and the Nagpur road, its bearing from No. 1 (magnetic) being about
north-38°-east. ‘

This third boring gave the following section :—

12 o of mm shale.
8 0 Soft of deep red and “ﬂe ocolour.
o und

Feoet. Inches.
) e
8 0  Brown sand. :
¥ 0 Lightpipecay
pipe clay.
3 o Dzk brown .
13 0  Soft light sandstone.
3 0  Light brown sandstone.
10 0  Light colored sandstone.
7 0  Very light colored sandstone, very coarse.
10 Tery dark ssndy chale
[ 3
26 [ Vﬂw -ninone. :
10 0  Yellow sandstone.
11 0  Brown sandstone.
9 0  Variegated sandstone.
1 0  Coarse brown sand.
5 0  Variegated sandstone.
3 0  Light blue sandy shale.
-3 0  Good coal (a).
12 0 Varz dark blue shale, s little sandy.
7 0  Light blue sandstone, a little shaly.
24 0  Light colored sandstone.
1 6  Black shale mixed with coal (3).
16 0  Light blue sandstone.
1 0  Dark sandy shale.
[ 6 Iron nrlu-
18 0  Light blue sandstone and brown sand mixed.
Total .. 348 o

“And as in this: depth we have entered something of a Talchir appearance, I bave
stopped this hole and commenced one at Ballarpur.” (Mr. Fryar's report, 24th July).

8pecimens of the coals passed through in this pit, as breught up by the pump, were
assayed, and yielded—

Carbon. Volatile, Ash.
(a) two feest bed ... . 478 410 12
(%) eighteen inch bed... 27 a2 161
both poor coals, neither containing 50 per cent. of carbon. The beds are also from their small
thickness unworkable with profit at that depth.

A fourth boring was made near the dAk bungalow to the west by south, and between
the bungalow and the Jhurput nala. This (No. 4) was put down with small rods, “and
ought to have entered a few feet from the surface, if the apparent dip of rocks at the
surface had been a guide approximately to the dip of the coal beds below.” ({Ir. Fryar, 28th
July). This boring was about 500 feet to the west of one put down by Mr. Binnie, C. E.,
in which coal was said to have been cut. No. 4 did not reach coal, and was abandoned.

Preparations were made for a fifth boring (No. 5) about six chains from the Jhurput
nala on the left bank, due south of the town o% Chanda, but no boring was carried vut here.

At Ballarpur, the first boring alluded to above was put down on the left bank of the
river, nearly opposite the point where coal is seen on the right or Hydrabad side of the river,
and about 300 feet from the river bank. This position was injudiciously selected, as
proved to be the case. It was in fact within the limits of the old bed of the river, and was
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abandoned, as there was not tubing “emough to carry the hole through the running sand
and gravel met with.” This difficulty might certainly have been avoided, but unfortunately it
was not. The probability was in fact pointed out in April 1867 (see p. 25, Records, Geol

Burve{:f India, 1868), where it is smst) “in sinking upon the Chanda side, it is far from
improbable that only alluvial clay may be met to the degth mentioned.” The boring tools

were then shifted to a second position where rocks were visible close by. This second hole was

put down about a mile to the north-east near the town of Ballarpur (less than half a mile).
This boring was carried down to a total depth of 236 feet.

The following is the section passed through :—

Feet. Inches.

Red iron brongel (moorum).

Soft brown sandstone.

Strong blue clay.

Very dark-red sandstone mixed with iron.
Brown sandstone.

Soft light colored sandstone.

Variegated sandstone.

Red sandy clay.

Dark colored sandstone.

Brown sandstone.

Hard red sandstone mixed with iron.
Brown sandstone, with mica.

Yellow sandstone.

Good coal.

Black shale.

Good coal.

Very dark shale.

Green looking sandstone (blueish).
Dark-blue sandstone mixed with shale.
Light colored sandstone.

Iron pyrites.

Light colored sandstone.

Black shale, a little coaly.

Dark blue sandstone mixed with shale.
Light colored sandstone,

Iron pyrites.

Light colored sandstone.

Black shale, a little coaly.

Dark colored sandstone, a little shaly.

Iron pyrites.
Light colored sandstone.

g'-=«ecgsu5033auuee33~«ousgsue@w
vl aascvvccBcvocccavvococcccsccccos

Total ...

Mr. Fryar reported on the 16th September that he had ordered this hole to be
“as wo are evidently in the Talchir sandstones.” He adds, ‘ you will observe a similarity of
section by comparing the second hole at Ballarpur with the No. 3 one at Chanda’ (given
above). There is doubtless some little similarity, but I am unable to see the proof that the
bore was evidently in the Talchir beds.

The boring rods were then moved from ur to a point on the road to Moolk from
Chanda, between two and three miles from Chanda town, near the place where the road croeses
the Jhurput nals, in the corner between the stream and the road to the south of the road.
This boring was in progress up to date of last report, and on the 12th instant had reached a
total depth of 124 feet 6 inches. The following is the section :—

Feet. Inches.
5 0  Loose sand and loamy soil.
[} 8  Yellow sandstone and bands of ironstone,
e ¥i.:idegmdmd ’mmﬁﬁ' with little cl
sandstone, ittle clay.

11 0  Soft red ironstone. v
[} 6  Ironstone band.
8 0  Red sandstone mixed with iron.
4 0  Yellow sandstone.

11 0  Variegated sandstone.
1 10  Yellow sandstone.
0 8  Very hard red rock.
7 6  Brown sandstone.

28 0  Light brown sandstone.
9 0  Light red sandstone.
1 0  Coarse light brown sandstone.
2 6 Hard rocks.

0 0  Variegated sandstone.

Total ... 124 [)
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It is evident that the rods have not yet touched a bed of the coal-bearing rocks in this
section, all the beds passed through belonging to the Upper or Panchet series.

Reviewing the results thus obtained, we find that borings at Chanda, which are repre-
sented as having passed through the entire thickness of the coal-bearing rocks there, and
to have pierced the Talchir below, (in which no coal is known), exposed only two thin
beds of poor coal, 8o thin as to be unworkable. While at Ballarpur also, a boring of about
the same depth (about 240 feet), said in like manner to have gone through the entire thick-
ness of the coal-bearing rocks and to have pierced the Talchirs, showed also two beds of
coal, one of 18 inches, one of 9 inches in thickness.

It need scarcely be said that none of these are workable at the depth at which they
occar.

Before these explorations had commenced, Major Lucie Smith, Deputy Commis-
sioner of Chanda, who deserves the highest credit for the sustained zeal and intelligent
earnestness with which he has prosecuted these enquiries, had a pit opened on the bed of coal
visible in the Wurda channel, near Googoos, or Chendoor. And from the coal there met with,
at a depth of 30 feet below the surface, a considerable quantity was raised for experimental
trials to which I will presently refer. As, however, this pit was within the limits of the
ordinary flood level of the Wurda, a bore-hole was put down about 330 yards from the bank
of the river and nearly in the line of strike of the beds. This bore-hole was carried out
by Corporal Carson, of the Public Works Department, under the orders of Major Lucie
Smith, Mr. Fryar also assisting. As was tolerably certain at such a distance the coal was
found to continue. This bore-hof was sunk altogether to 121 feet 6 inches, and gave the
following section :—

Feet. Inches.
3 0  Surface clay.
Bed moorum.
Variegated sandstone.
White sandstone.

Yellow clay.
Duk-br:wn olay.

ata

Coal.

Dark sandy shale.
Coal.

Blue shale.

Coa

, mized with iron pyrites.
oal.

CorRruwuND s

| =
=
aleasceaccccocenn

Total ... 121

Below this is white sandstone streaked with black shale. It is much to be regretted
that the boring was not continued, so as to ascertain the thickness of the formation here
and the position of this thick deposit of coal in it.

The coal having thus been proved here, a pit was commenced and is now in progress.

A second bore-hole was then commenced about a mile to the south, and to the west a
little south of the village of Googoos. This is a8 nearly as can be the locality recommended
by the Geological Survey in 1867, “about 300 yards west of the village of (ioogoos.”
'.l{is bore-hole was carried down in all about 112 feet, giving the following section :—

Fegt. lnogu.

Surface clay.
22 0  Variegated sandstone.
0 3  lronstome.
21 6  Variegated sandstone.
2 8  Red rock.
4 0  Yellow clay.
6 0  Dark shaly clay.
3 [] Shale.
2 0  Crimson colored sandstone.
17 0 Clay and sand.
20 0 Light colored sandstone.
7 0 Variegated sundstone,
Total ... 111 Y
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At this depth the mineral lifter jammed, and after several days’ unavailing efforts to
Iift it, it became evident that it would be necessary to sink to it, in order to relieve the tools.
After some delay this sinking is now in progress and had reached 27 feet on the 12th instant.

Such is the progress made in the exploration of the field.

As regards the important question of the quality of the coal, several trials have been
made. The coal raised from the pit near G was first sent to the Great Indian Penim-
sular Railway for trial in their locomotives. ?:e Loocomotive Superintendent reported on the
16th April *“that the coal was not suitable for locomotive Yluurfau. being very dirty. Out of
1 ton 4 owt. used, there were 6 cwt. of clinker, but very little in the smoke-box, with a losd
of 4 cotton wagons and one brake. Great quantities of sparks came out from the chimney,
and remained on fire for some time. From Boorhanpore to Khundwa, the brake-van alone
was attached to the engiuve, and although the fire had been cleaned at Chandnee station, it

" had to be cleaned again before getting to (17 miles). We could not get a welding
heat with the coal, although it contains great quantities of gas.”

The fire-boxes on the Great Indian Peninsular Railway are constructed to suit Engliah
coal, and the engineers are accustomed to its use. There appeared, therefore, sound reason for
not admitting gfs to be a conclusive trial. More coal was raised, and hetter coal selected,
and this was sent to the East Indian Railway at Jubbulpore, some to the warks in progress
under the Public Works Department at the Kanhan bridge, and also a second supply to the
Great Indian Peninsular Railway. The results of these trials are decidedly encouraging. It
is said that the coal took the train on the Great Indian Peninsular Railway down asn%u' as
Budnaira (100 miles) without difficulty; the engineers were agreeably surprised with its
capabilities, but did not “ think it quite w to the mark.” At the Kanhan bridge works, it
was tested in a small portable engine. “ With Chanda coal steam was got up in 1 hour and 25
minutes with a consumption of genx., the coal being wet, a strong breeze blowing and rain
falling at the time. The coal burnt clear, and freely and very clean, leaving a residue of

.y ash without clinkers, and evaporated on the average 41bs. of water per 11b. of coal consumed.
ﬁth English coal steam was raised in 1 hour 35 minutes, with a consumption of 28fbs., the
coal being drier, but small and deteriorated from exposure, but the weather was fine at this
part of the day and very little wind. The evaporation was at the rate of 6-5Me. of water
per 1. of coal.” The Chanda coal is specially noted as “ burning clean.”

The trial on the East Indian Railway was the only one in which the Chanda coal was
com) with other Indian coal. “The Locomotive Superintendent rts that the con-
sumption of Chanda coal on two trials was 88} cwts. and 85 cwts. per 100 miles, against
67 cwta. of Ranigunj coal for the n?:hdlat::]: Thegod didnot]‘:;. well at first, partly, it
appears, owing to the construction of the fire-boxes, and partly, perhape, to the stormy weather
ix,:’ which one of the trials was made, but it did better afterwards.” v

Theee trials show the ¢ duty’ of the coal to be as compared with English coal (‘small
and deteriorated by exposure’) as 4: 6'5, or 61 per cent., or, in other words, it is 3ths worse
than this English coal.

As compared with Ranigunj coal, its duty was as 67 to 87 (mean of 88:75 and 85°),
or 77 per cent., or nearly $th worse. It is not stated what “ Ranigunj” coal was in use. )

The ocoal, however, did the work required of it, and in a satisfactory manner.

These coals were, as mentioned, from the pit sunk at the Wurdah. Te test the coal
met in the boring near that river, as given above, Mr. Fryar was requested to forward
specimens. Of these he sent 33, one from each of the three-feet seams above the thick coal
and 81 from it, these being taken from the material brought vp by the pump at intervals of
about ;eil‘oot of sinking. These were all assayed carefully by Mr. Tween, and the results are
given below.

There can be no doubt that assays of this kind, and more especially when made on the
stuff broken down by a boring-chisel, are only approximate indices to the value of the ooals
tested. But in the absence of better means, they do afford fairly comparable results, and
do unquestionably give a fair indication of the economical value of the coals. Indeed, the
very results given above are singularly confirmatory of this. The assays were completed for
several weeks before the above results of actual trials were received.
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The 33 specimens tested gave the following results : —

beds, and take the average composition of these.
Taking the Slcspﬁimans of the Googoos coal, the average result of all is—
arbon ...

44°51
Volatile ... .. 3534
And Ash I of e ... 2015
0 avangrresu t of 30 Ranigunj is—
bon ... s .. 509
Volatile ... .. 346
Ash : 146

that is, the Googoos (average) coal is 6:39 per cent. inferior to the average of Ranigunj
ooals as to the main heating power, and it is also 6 per cent. worse mtheumeuﬁo
amount of useless matter. Or, viewing it in another way, it may be said that out of the
31 odd feet of ‘coal’ there are 28, which contain less carbon than the average of 30
Ranigunj coals, good and bad, and only 3 which contain more ; while there are 23 which con-
tain more ash than the same average, and only 8 which contain less. ‘

These results appear unquestionable, so far as the coal yet obtained is concerned. That
this coal will at the same time grovo highly useful cannot for a moment be questioned ; and
we must only continue to seek for better.

The results of these trials showed the duty of Chanda coal roughly, as compared with
Ranigunj coal, to be as 67 to 87. The comparison by assay gives 45 : 51, or the trial by rajl
ives the work in the ratio of 1°00: 1-29, 51#. by assay as 100: 1'14. As comp with
nglish coal the duty was by actual trial as 4°0 to 6'5, by assay as 44'5: 68, or, in the first
case, as 1: 1'63, in the latter as 1: 1'63.
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These are very close approximations and fully bear out the value of such assays. In all
cases, it is worth notice also, the result as per assay is more favorable than that by actual
trial. Both methods of testing the value prove that good useful fuel exists near Googoos
in considerable quantity.

The explorations are being carried on with vigour, and the results will be given from
time to time. ,

In connection with this enquiry, it is necessary to give publicity here to some im nt
facts regarding which considerable misapprehension has evidently existed. In the last

neral report on the Central Provinces, the Chief Commissioner has (p. 76) said : ¢ so far coal
g:s only been discovered in that known as the Damuda series, and it remains to be proved
whether the Kamptee group is carboniferous.” This name ‘ Kamptee group’ has never been
published before or defined, and without such definition it is meaningless. It was a term
used by Mr. W. Blanford on a preliminary sketch map of the district, copy of which was given
to the officer of the Geological Survey working at Chanda for his information. But the term
was simply one of convenience, and for temporary local use as applied to a series of beds in
the vicinity, and signifying nothing more than those local beds ; simply a namg used instead
of a long phrase to convey certain peculiarities in texture, &c. It is one of many such short
names which, used for a time merely locally, give place to others when relations and connec-
tions have been traced out. It has therefore never been azzlished or used in any other way
than as a term of convenience among the officers of the Seological Department. It is in fact
meaningless without definition.

But having thus been used, I may state that the local beds so called “ Kamptee” are nothing
more nor less than the Central Indian representatives of the great Panchet series of rocks,
80 well seen in the Ranigunj coal-field, still%)ethr developed in the Jherria, the Bokaro, the
Karunpura, and other detached coal-fields towards the west, and which series of rocks can
be (and have been) traced across all the intervening country up to Nagpur and Chanda.
And as in the Ranigunj field, so in every other section exposed throughout the hundreds of
miles of country (thousands of s«}uare miles) not a trace of coal is known to occur in them.
This induction is far wider and far more satisfactory than any examination of the Central
Provinces alone could afford.

But, in addition to this, accompanying this extension and development of the Panchet
series, there is, from east to west, a steady and continuous but rather rapid diminution of the
true coal-bearing rocks (the Damuda seres), so that the formation which in the east is of
several thousand feet in thickness, with more than one hundred beds of coal of varying
thickness, and which is there easily divisible into three groups, on passing to the west so
dwindles down, that, in the Nerbudda valley and in the Chanda field, the total thickness of
the formation does not exceed as many hundred feet as it was thousands in the east, and that
all the coal is confined to a few beds of great irregularity near the base of the series. These
facts also have been established not by any local investigation, but by a long continued and
systematically carried out series of examinations and measurements spread over hundreds of
miles of the country.

There appears not a doubt as to the fact that coal does not occur in the Panchet rocks.
There is equally no doubt that coal is not in the Talchir rocks below, and the simgle point
that remains to be proved in the Chanda field is the extent, thickness, and value of the coal
which does accompany the Damuda rocks. If the country were not so much covered the
limits of these rocks could readily be traced; there is no difficulty in distinguishing them.
But unfortunately there is a large part so concealed by superficial deposits that the existence
of these coal-bearing rocks must robed out by boring. And this is what is now being
done by the Geological Survey for the aovemment of India.

The borings at Chanda and at Ballarpur given above are additional proofs of the very
limited thickness of these rocks. The entire thickness of the Damuda series, as it there
exists, together with all the overlying beds, is said to have been passed through within about
285 feet. Of this more than ome-third belongs to the upper series, leaving the thickness of
the entire Damuda or coal-bearing formation here not more than about 150 feet !

The 18th October 1869. T. OLpHANM.
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LEAD in the Ra1pur District : CENTRAL PROVINCES.—To the information already given
ing this lode of lead-ore but little has been added since then (see Records, Geological

Survey of India, 1862, Pt. 2, p. 37). At the close of the season, Mr. Smart, the Revenue
Surveyor engaged in that district, completed a small plan of the locality and immediate vicinit;
on a scale of four inches to the mile. He found fragments of the metallic vein scatte:
upon the top of the hill, on which it was seen for a distance of half a mile from the spot
where it was discovered last year. ‘The direction of dip of the vein could not be ascertained
owing to the confused and fractured arrangement of the surface rocks.” Mr. Smart had no
means of proving the vein.

T hope to be able to have the locality examined this season.—T. O.

MerroRITES.—To0 the kindness of Dr. Waldie we are indebted for the remainin
portion of the specimen of the Khetree stone, (fell February 1867), which he anal
with care, and of which he gave an excellent descriation at the meeting of the Asiatic Society in
June 1869. Dr. Waldie states how it is frequently so difficult to procure specimens of these
highly interesting bodies which fall from the heavens, as the people, in their ignorance
looking upon such visitors as evidence of the wrath of their gziohes, carefully reduce to
powder and dissipate all the pieces which they can procure. Only two pieces are kmown to
exist, both small ; one is in the collection of the Asiatic Society, and this one in the collection
of the Geological Survey.

From Dr. Tschermak, the successor of the much regretted Dr. Moritz Hérnes, in charge
of the Imperial Mineral Cabinet ab Vienna, we have also received a very good specimen of
the fall which ocourred at Slavetié, in Croatia, on the 22nd May, 1868, and described by the
indefatigable Haidinger, on the 3rd December, 1868, to the Academy of Sciences, Vienna.

Also, a specimen of the Ornans (Doub) fall, of which we were already in possession of
8 fine piece through the good offices of M. Marcou, (see Records, Geological Survey of India,
February, 1869). This fa.ﬁ took place on 11th July, 1868.

Also, a specimen of the very interesting stone which fell at Kriahenberg near Zwei-
briicken (Pfalz) on the 5th May, 1869.

These valuable additions to our numerous collection are further proofs of the friendly
aid and co-operation we have invariably experienced from the Geologists of Austria.

October, 1869. T. OLDHAM.

ACCESSIONS TO LIBRARY.

From 1sT JULY TO 30TH SEPTEMBER.
Titles of Books. Donors.

Baii, JoHN.—A Guide to the Eastern Alps, 12mo., London, 1868.
BARRANDE, J.—I. Réapparition du genre Arethusina, Barr.

II. Faune Bilurienne des environs de Hof en Baviére, 8vo., Leipzig and
Paris, 1868. TeE AvTHOR.

BeaumonT, ELIE DE.—Rapport sur les progrds de la stratigraphie. Recueil de Raﬁl(s)orts sur

T'état des lettres et les progrés des sciences en France, Roy. 8vo.,
Paris, 1869. :

BeNECKE, Dr. E. W.—Geognostisch-Palmonmlogische Beitriige, Vol. II, Part 2, Roy. 8vo.,
Miinich, 1869.

BENEDEN, VAN, AND Gervals, PAuL.—Ostéographie des Cétacés vivants et Fossiles, Parts 2,
3, 4 (with Plates), 4to., Paris.

BeeNaRpI, LE CHEVALIER, A. C.—Monographie des genres Galatea et Fischeria, 4to.,
Paris, 1860.

BrauNs, D. D.—Der mittlere Jura im nordwestlichen Deutschland, 8vo., Cassel, 1869,

BreEMNER, D.—The Industries of Scotland, their Rise, Progress, and Present Condition, 8vo.,
Edinburgh, 1869.
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TNtlos of Books. Doners.
DoLLruss —AUsser.—Matériaux pour I'étade des glaciers, Vol. VIII, Part 2, 8vo., Paris,
1869.

Epwarps, MiLNE.—Recherches Anatomiques et Paléoutologiques pour servir & I'histoire des
oiseaux fossiles de la Franoe, Parts 26 to 30, 4to, Paris, 1867.

EicEwaLp, E.—Lethaea Rossica, ou Paléontologie de la Russie, Part 13, with Atlas, 8vo.,
Stuttgart, 1869.
Gervais, Paur.—Zoologie et Paléontologie générales, Parts 10 and 11, 4to., Paris, 1869.

Hackerr, T. R.—Geological and Mining Report of the Gympie Gold Field, Fcp., Gympie,
1869. THE AUTHOR.

Havenrtox, Rav. 8.—The Three Kingdoms of Nature briefly described, 8vo., Londen, 1868.

HivaexroN, Rev. 8.—On some elementary principles in Animal Mechanics (From the Pro-
ceedings of the Royal Society, No. 94), 8vo., London, lw'l?x('PuAmph!et).
UTHOR,

KarstEN, DB. GusTav.—Beitrige zur Landeskunde der Herzogthiimer, Schleswig und
Holstein, IT, Reihe, Heft 1, 4t0., Keil., 1869.

Lazrer, E., AND CHRISTY, H.—Reliquine Aquitanicae, Parts 8, 9, 4to., London, 1809.
LixpeuMaN, Mogitz.—Die arktische Fischerie der Deutschen Seestidte, 1620—1868. Peter-

mann’s Geographische Mittheilangen, Supplement, No. 26, 4to.,
Gotha, 1869. ’

LorTxER, BERGRATH Hlnexol;n.—-lnitfnden zur Bergbaukunde, Band II, Part 2, 8vo., Berlin,

MazsH, G. P.—Man and Nature; or, Physical Geography as modified by Human Action,
8vo., London, 1864. .

MARTINI UND Cnnum.—sishmﬁwhm Conchylien-Cabinet, Lief’, 190, 191, 4to., Niirn-
berg, 1869.
MasTrrs, M. T.—Veg«;tgglge Teratology (Published by Ray Soc., London), 8vo., London,

Muig, J.—Original Sanskrit Texts on the Origin and History of the People of India, their
* Religion and Institations, Vol. LTL, 8vo., London, 1868,
Govr. oF INDLA.

NE1LrgicH, DB. A.—Di der in Ungarn und Slavonien bisher beobachteten Gefiass-
%vm ) 8vo., Wien, 1867. (Published by K. K. Zool. Bot. Gesellsch.,
ien).

OpriNG, WiLLIAM.—A course of six lectures on the chemical changes of Carbon, 12mo.,
London, 1869.

OosTER, W. A., UND F. voN C.—Protozoe Helvetica, Mittheilungen aus dem Berner Museum
der Naturgeschichte, &c., 1, 4to., Bern, 1869.

Paas, Da. DAVID.—Chig ;nd fshépters, a book for Amateur and Young Geologists, Svo.,
ndon, .

Prrrrreg, De. L.—Malakozoologische Bletter, Vol. XVI, 3—8 Bog., 8vo., Cassel, 1869.

Picrer, F. J.—Matériaux pour la Paléontologie Suisse ou recueil de monographies les
foau& du Jura et des Alpes, 4th Series, Parts 10, 11, 4to., Genevs,nll.r868.

QuxnsteDT, F. A.—Petrefactenkunde Deutschlands, 1st Division, Vol. II, Parts 2, 3, with
Atlas, 8vo., Leipzig, 1869.

Roscox, H. E.—Spectrum Analysis, 8vo., London, 1869.

ScEUMANN, J.—Die Distomen der hohen Tatra, 8vo., Wien, 1867. (Published by K. K. Zool.
Bot. Gesellsch., Wien).

Tweuzow, MaosoR GENBRAL G.—Facts and Fossils adduced to prove the deluge of Noah,
8vo., London, 1869.
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Tvéles of Books. ' Donors.
Wa1rNEY, J. D.—The Yosemite Guide-Book: A’ description of the Yosemite Valley and
the adjacent region of the Sierra Nevada, and the big trees of
California, 8vo., Cambridge, 1869.

WINNERTZ, JOH.—Beitriige zu einer Monographie der Sciarien, 8vo., Wien, 1867. (Published
by K. K. Zool. Bot. Gesells, Wien).

PrriopicALs.
American Journal of Conchology, Vol. IV, Part 5, 8vo., Philadelphia, 1869.

American Journal of Science and Arts, 2nd Series, Vol. XLVII, No. 141, 8vo., New Haven,
1869. )

Annals of Indian Administration in the year 1867-68, Vol. XIII, Part 1, 8vo., Serampore,
1868. TaEr Govr. oF INDIa.

Annals and Magazine of Natural History, &c., 4th Series, Vol. III, Nos. 17, 18, Vol. IV,
Nos. 19, 20, 8vo., London, 1869.

Engineers’ Journal, New Series, Vol. XII, Nos. 19—21, 4to., Calcutta, 1869.

Geological Magazine, Vol. VI, Nos. 69, 62, 8vo., London, 1869.

Journal de Conchyliologie, 8rd Series, Vol. IX, No. 3, 8vo., Paris, 1869.

Neues Jahrbueh fiir Mineralogie, Geologie und Palmontologie, Parts 3, 4, 5, 1869, 8vo.,
Stuttgart, 1869.

Novitates Conchologicae, I Abth., 34 Lief., 4to., Cassel, 1869.

Novitates Conchologicae, 11 Abth., 14 Lief., 4to., Cassel, 1869.

Palmontographica, Vol. XVII, Part 2, 4to., Cassel, 1869.

PrTERMANN, DR. A.—(l}gggmphische Mittheilungen, Heft. IV, V, VI, 1869, 4to., Gotha,

Professional Papers on Indian Engineering, Vol. VI, No. 24, Roy. 8vo., Roorkee, 1869.
PrincrraL, THoMASON COLLEGE.

Quarterly Journal of Microscopical Science, New Series, No. XXXV, 8vo., London, 1869.
Quarterly Journal of Science, No. XXIII, 8vo., London, 1869.
Records of the Geological Survey of India, Vol. II, Part 3, 8vo., Calcutta, 1869.
GEoLoGIcAL SURVEY oF INDLA.
Revue universells des mines, de 1a Métallurgie, des travaux publics, &ec., Vols. XXV & XXV1,
Nos. 1 & 2, livr., 8vo., Liege, 1869.

Zeitsohrift fiir die gesammten Naturwissenschaften, Vol. XXXII, 8vo., Berlin, 1868.

. Nar. Hist. 8oc., HaLLk.

GOVERNMERT SELECTIONS, &0. (FROM THE GOVERNMENTS).

BrNGaL.—General Report on Public Instruction in the Lower Provinces of the Bengal
Presidency, 1867-68, with Resolution, 8vo., Calcutta, 1868.
THE GOVERNMENT OF BEN@AL.

» Report of the Meteorological Reporter to the Government of Bengal for the year
1

868-69, with Meteorologioal Abstract for the year 1868, Fcp.,
Calcutta, 1869. THE GOVERNMENT oF BENGAL.

Boxpay.—Offcial nee relating to the System of Revenue Survey and Assessment
its administration in the Bombsy Preaidenoﬁ.o&o., Bombay, 1869.

: THE BoMBAY GOVERNMRENT.

Britiszr BusMaH.— on Hospitals and Dispensaries for 1867.68: Extract from
Rm«h‘nca :ptho Home Department, No. 263, Roy. 8vo., Maulmain,

1869. . CH1E¥ CoMmissioNBR oF Bririsn BurMam.
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Titles of Books. Donors.
BrrrisH BueMAR.—British Burmah Criminal Justice Report, 1867 : Extract from the
P i of the Chief Commissioner, British Burmah, in the
Home Department, No. 94, 8vo., Rangoon, 1867.
CrIEF CoMMISSIONER OF BRITISH BURMANM.
» »” British Burmah; Home Department (Police) Annual Police Report,
1868, Roy. 8vo., Rangoon, 1869.
CHiEr CoMMISSIONER OF BRITISH BURMARH.
" » Annual Report on Criminal and Civil Justice in the Courts of the
Recorders and in the Small Cause Courts of Rangoon and Maulmain
during 1868, 8vo., Rangoon.
Crier CoMMISSIONRR OF BRITISH BURMAH.
CENTRAL PROVINCES.—Report on the administration of the Central Provinces for the year
1868-69, by J. H. Morris, Esq., 8vo., Nagpore, 1869.
CHrer CoMMISSIONER OF CENTEBAL PROVINCES.

INDIA.—Selections from the Records of the Government of India, Home Department,

No. LXXI, 8vo., Calcutta, 1869. THE GOVERNMENT OF INDIA.
" Annual Report on the convict settlement of Port Blair for the year 1867-68, 8vo.,
Port Blair, 1868. THE GOVEERNMENT OF INDIA.

. Reprint, No. 15, of Records in the Public Works Department. Progress Report of
Forest Administration in the Province of Oudh, 186%, by Captain
E. 8. Wood. Fep., Calcutta, 1869.
THE GOVERNMENT OF INDIA.
Mapras.—Selections from the Records of the Madras Government, No. XI. Report on
Public Instruction in the Madras Presidency for 1867-68, 8vo.,
Madras, 1868. THE MADERAS GOVERNMENT.
" Selections from the Records of the Madras Government, No. XIII. Report on
Uncovenanted Service Examinations in Madras Presidency, Roy.
8vo., Madras, 1869. THE GOVERNMENT OF MADEAS.
The Madura Coun??: A Manual oomgiled by order of the Madras Government,
by J. H. Nelson, Esq., in five parts, 8vo., Madras, 1868.
THE GOVERNMENT oF MADRAS.
A Manual of the District of Viu%patam in the Presidency of Madras, compiled
by D. F. Carmichael, Esq., 8vo., Madras, 1869.
. THE GOVERNMENT OF MADBAS.
MepicaL DEpARTMENT.—A Sketch of the Medical History of the Native Army of Bengal
for 1868, by Surgeon Major J. T. C. Ross, Foolsc., Calcutta, 1869.
- INSPECTOR GENERAL OF HOSPITALS.
Mysore.—Report on Public Instruction in Mysore for 1868-69, 8vo., Bangalore, 1869.
CHIEF COMMISSIONER OF MYSORE,
N. W. Provinces.—Report on Meteorological Observations in the North-Western Provinces
of India, 1868, by Murray Thomson, E?ﬂ" Foolsc., Allahabad, 1869.
'HE GOVERNMENT, N. W. P.
Ovpr.—~Annual Report of the administration of the Province of Oudh for the year 1868-69,
8vo., Lucknow. CHIEF CoMMISSIONER OF OUDH.
»  Report upon the progress of Education in the Province of Oudb, 1868, Foolsc.,
Lucknow, 1869. CHigr CoMMIsSIONER OF OUDH.
Report on the Police administration in the Province of OQudh for 1868, Foolsc.,
Lucknow, 1868. Crier CoMMIsSIONER o OUDH.
Report upon the administration of Civil Justice in the Province of Oudh, 1868,
Foolsc., Lucknow, 1869. CHigr CoMMI8SIONER oF OUDH,
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Titles of Books. Donors.

OupH.—Report on the administration of Criminal Justice in the Province of Oudh, 1868,
Foolse., Lucknow, 1869.
Ca1er CoMMISSIONER OF OUDH.
»  Report on the condition and management” of Jails in the province of Oudh, 1868.
Foolsc., Lucknow, 1869. CHrBr CoMMI1sSIONER OF OUDH.
PunsaB.—Selections from the Records of the Government of the Punjab and its Depend-
encies, New Series, No. III, on Beloch Tribes in the Dera Ghazi
Khan District, by Captain C. Minchin, 8vo., Punjab, 1869.
THE GOVERNMENT OF THE PUNJAB.
» Selections from the Records of the Government of the Punjab and its Dependencies,
New Series, No. IV. Administration of the Bahawulpoor, Chumba,
and Patowdie States. 8vo., Punjab, 1869.
TrE GOVERNMENT OF THE PUNJAB.
» Selections from the Records of the Government of the Punjab and its Depend-
encies, New Series, No. V. Tea Cultivation in the Kangra District.

8vo., Punjab, 1869. THR GOVERNMENT OF THE PUNJAB.
" Annual Report on Meteorological Observations, 1868, by A. Neil, . Fep,
Loodiana, 1869. THE GOVERNMENT OF THE PUNJAB.

’ Results of Tour in Dardistan, Kashmir, Little Tibet, Ladak, Zanskar, &c. The
Languages and Races of Dardistan. Vol. I, Parts 1, 2, by G. W.

Leitner, Esq., 4to., Lahore, 1869.
. THE GOVERNMENT OF THE PUNJAB.
RoorxgE.—Thomason Civil Engineering College, Roorkee. Annual Examination, August,
1869. Report at the close of the session, 1868-69. Fcp., Roorkee,
1869. PriNcIpaL, THOMASON COLLEGE.

TRANSACTIONS OF SOCIETIES, &C.
BomBay.—Transactions of the Bombay Geographical Society, from January 1865 to December

1867, Vol. XVIII, 8vo., Bombay, 1868. THE SoCIETY.
CarncurTa.—Journal of the Asiatic Society of Bengal, Vol. XXXVIII, Part II, No. 3, 8vo.,
Calcutta, 1869. THE SOCIETY.

9 Proceedings of the Asiatic Society of Bengal, Nos. 7, 8, 9, 8vo., Calcutta, 1869.
THE SOCIETY.
DusriN.—Journal of the Royal Geological Society of Ireland, Vol. II, Part 1, 8vo., Dublin,
1868. THE SOCIETY.

K®~N168BERG.—Schriften der K6ni§1ichen Physikalisch-Oekonomischen Gesellschaft zu
Konigsberg, IX, Abtheil, 2, 4to., Konigsberg, 1868.
LoNpoN.—Journal of the Society of Arts and of the Institutions in Union, Vol. XVII,

856—871, 8vo., London, 1869. THE SOCIETY.
» Journal of the Royal Geographical Society, Vol. XXX VIII, 8vo., London, 1868.
. THE SocCIETY.
” Proceedings of the Royal Society, Vol. XVII, Nos. 111—113, 8vo., London, 1869.
THE SOCIETY.
» Proceedings of Royal Geographical Society, Vol. XIII, No. 2, 8vo., London, 1869.
THE SoCIETY.

» Quarterly Journal of the Geological Society, Vol. XXV, Parts 2, 3, Nos. 98, 99,
8vo., London, 1869. THE SocCIETY.

» Report of the Thirty-Eighth Meeting of the British Association for the advance-
:Ilnseggs of Science, held at Norwich in August, 1868, 8vo., London,
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Titles of Books. - Donora.
MascHESTER.—Proceedings of the Literary and Philosophical of Manchester, Vol. V,
1865-66 ; Vol. VI, 1866-67 ; Vol. 1867-68, 8vo., Manchester, 1868.
: THE SOCIETY.
” Memoirs of the Literary and Philosophical Society of Manchester, 3rd Series,
Vol. I1I, 8vo., London, 1868. THE SOCIETY.

NorTEUMBERLAND.—Natural History Transactions of Northumberland and Durbham,
Vol. I11, Part 1, 8vo., London, 1869.

Pazris.—Baulletin de 1a Société Géologique de France, 2nd Série, Vol. XXV, No. §; Vol. XXVI,

No. 2; 8vo., Paris, 1868. THE SOCIETY.
PRILADELPHIA.~Journal of the Franklin Institute, 3rd Series, Vol. LVII, Nos. 4, 5, 6, 8vo.,
Philadelphia, 1869. FRANRLIN IN8STITUTE.

St. PETRRsBURG.—Bulletin de I' Academie impériale des Sciences de St. Petersbourg,
Vol. XIII, Nos. 4, 5, 6, Vol. XIV, No. 1, 4to., St. Petersbourg, 1869.
ToroxT0.~Canadian Journal of Science, Literature and History, New Series, Vol. XII,
No. 2, 8vo., Toronto, 1869. CANADIAN INSTITUTE.
ViENNA.—Verhandlungen der K. K. Zoologisch-Botanischen Gesellschaft in Wien, Vol. XVII,
8vo., Wien, 1867.
” Sitzungsberichte der Kaiserlichen Akademie der Wissenschaften, Mathematisch-
Naturwissenschaftliche Classe, 1st Division, Vol. LVII, Parts 4, 5.
2nd Division, Vol. LVII, Parts 4, 5.
Vol LVIII, Part 1; Roy. 8vo., Wien, 1868.
Tax AcaDEMY.

Mars, &c.

Haveg, FRaNz Rirr. von.—Geologische Uebersichts-karte der oesterreichisch- ischen
Monarchie, nach den Aufnahmen der K. K. i nmm
stalt—Blatt. Nos. I und II, 8vo., Wien, 1869.
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