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RECORDS

OF

THE GEOLOGICAL SURVEY OF INDIA.

Part 1.] 1892. [February.

ANNUAL REPORT OF THE GEOLOGICAL SURVEY OF INDIA, AND OF THE
GEOLOGICAL MUSEUM, CALCUTTA, FOR THE YEAR 1891.

The yea§ commenced with the following disposal of the officers of the
Survey :—Mr. Foote in the Cuddapah district of Madras; Mr. Hughes, with Dr.
Warth, at the tin exploitation in Tenasserim ; Mr. Griesbach proceeding to join the
Miranzai Expedition on the North West Frontier; Mr. Oldham, with Sub-
Assistants Iira Lal and Kishen Singh, at coal and oil in Baluchistan; Mr. Bose at
coal and copper in the Darjiling District and Sikkhim; Dr. Néetling at coal and
the demarcation of oil-fields in Upper Burma ; Mr. Middlemiss at coal in Hazara,
but about to be attached as Geologist with the Black Mountain Expedition; Mr.
LaTouche at the exploitation of the Daltongunj coal-field in Bengal; and Mr. Datta
at coal in Assam.

Mr. Holland continued at head-quarters in charge of the Museum and Labora-
tory, in which last, besides the proper research work, considerable endeavour was
made to guide the abnormally speculative rush at.a development of the gold con-
ditions of Chota Nagpur by numerous assays of reasonably authenticated samples
of quartz and other rocks sent to us for determination. ,

It will thus be seen that the main force of the Department was devoted to economic
mineral exploration ; though, as the last volume of the published records will .show,
geological investigation was kept, as much as possible, in parallel working,

PENINSULAR INDIA.

Mapras Presipency.—Mr. Foote's retirement from the service at the end of
September last has, for a season at least, closed the survey of the great metalliferous
series (Dharwars) of Southern India; still, it is eminently satisfactory that, from an

L  economic research point of view, my esteemed colleague
“‘?:'h';’i:;:’; of gold" has closed his cdreer after a thorough localization of all the
important areas of gold and iron occurrence or produc-

tion in Madras.

The southerly extension of the Dharwars over the western division of the Cud-
dapah district was surveyed during the field season, without, however, any further
finds having been made of auriferous tracts in that direction.

A



3 Records of the Geological Survey of India [ voL. xxv.

Just towards the end of the season, and in connection with his visit to the
boring for artesian water now being carried out by the Rev. Superior of the
Monastery at Place’s Gardens, Kilacheri, Chingleput district, Mr. Foote recognized
indications in the débris from the bore-hole, which point to no less an important

L. ) contingency than the existence of a coal-field within 30 miles
col'l'_dﬂ':ﬁ;f::g &9:3::2 of Madras. Hitherto,we have only been able to recognize
members of the upper division of the Gondwana series in
the country south of the Kistna river, though Mr. Foote has all along suspected
that a representative of the lower division, or proper coal-bearing series, might
underlie the broad alluvial tract of the old Palar river. The boring has now
disclosed the fact that the known strata of the locality, which show no trace of
carbon, are underlaid by black carbonaceous and bituminous clays, with associated
grits and sandstones. So remarkable a difference between the two sets of strata
can barely be considered as other than indicating a very decided variation of the
circumstances and conditions of formation of the upper group from those prevailing
during the deposition of the lower one—which circumstances and conditions, Mr.
Foote is led to infer resembled those prevailing inthe Lower Gondwana times of the
northern part of the peninsula; or, in other words, that there is here hidden
away below the Sripermatur beds of Madras a representative of the Indian coal-
measures.

It is understood that exploration, grounded on Mr, Foote’s reading of the evi-
dence brought to light, is about to be instituted under private enterprise, which, as
he still remains in India as State Geologist to the Baroda Government, will have
the advantage of his watchful advice in its progress. So far, the original boring
has reached a depth of 307 feet, and is still in bituminous shale for 35 feet.

Dr. Warth, on transfer from Burma, in August last, was appointed Officiating
Superintendent of the Madras Museum; and during his tenure of that office he
will keep up a continuance of mineral economic enquiry for the Madras Govern-
ment until the proper geological survey can be resumed. He has already in this
line visited the steatite mines of Betumcherla, in the Kurnool
district, in company with me; and the mica mines in the
Nellore district with Mr. Holland, The steatite mines which had been decided
on by us, and later on by experts in London, as yielding the best stone for the
manufacture there of gas-burners, had been reported by the local officials as in-
capable of yielding blocks of the required sample cube. We found that the thick-
nesses of the beds are, as a rule, too small to allow of 6-inch cubes ; but as there
was some cause for assuming that the limit of cube laid down may have been
settled at random, considering the small size of the gas-burners, it is possible that
the 3 to 4-inch thickness of the ‘ bulpum” beds may not, after trial of the stone
sent to England, retard the development of this industry. In any case, a better
system of mining than the grubbing work carried on at present will have to be
adopted before satisfactory production can be relied on. The opening up of the

. mica industry at Inakurti, in the Nellore district, is of the
mgf."“e mica develop-  oreatest importance and interest, as being, 1 understand,
entirely the work of a private explorer and prospector,

Mr. Sargent; and because, where I, in my survey of the district some twenty
years ago, only saw coarse and irregular crystalline masses of the mineral, the

Kurnool steatite.

e R ey e 3d a1 7l —— . o



PART 1.] Annual Report. 3
largest of which were 4 inches across, the new excavations have yielded great
crystals, beautifully clear and without flaws, measuring 2 to 3 feet in diameter and
thickness. Additional interest isalso attached to this development, as Mr. Holland,
in his}jnspection of the associated rocks, found a splendid specimen of apatite, which,
if his determination prove correct, is most important, considering the scarcity of that
mineral and the rareness of phesphatic sources in India.

BenGat PresipEncy.—The result of Mr. La Touche’s examination of the
Daltongunj coal-field by survey and by selection of sites for boring, some of which
he carried out himself, is, that I have had to condemn the field in so far as its
capabilities were expected to warrant the construction of a railway from Daltongunj

Daltongunj coal-feld t0 Mogulsarai, the initial object of which was the supplying
exploration: unfavour-  of coal of a superior quality over the system of railways
able results. beyond the latter junction station  Mr. La Touche’s report

was published in Part 3 of the year’s Records; but on it I had already summarized
as follows, under date the 26th June :—

“¢a) The Daltongunj coal-field has an area of about 30 square miles ; its strata of sandstone
and allied rocks, with seams of coal or carbonaceous shale, are lying in tolerably
easy undulations or rolls, although they are at the same time very much cut into and
worn away by denudation.

*“(8) Practically and for all purposes of estimation as to the value of the field, there are only
two seams of coal worthy of consideration.

“(c) The first or upper seam of coal is very variable in thickress (from 1’ 6 to 7’ 6"), so
much so indeed that any estimate formed as to the total quantity of coal contained
within the area of the borings (and these were selected on the best ground) would
be unreliable. The coal of this seam is generally very shaly ; this appears to be the
seam which was worked by Messrs. Hodges and Radford at Singra; it may be
called the Singra seam.

“(d) The second or lower seam is also very varfable, but is generally thicker than the first,
runming (with variations) from 29 feet to 6 feet in its best development. This is
the seam in which the pits belonging to the Bengal Coal Company were formerly
worked : it may be called the Pundua seam. It is even difficult here to form a fair
estimate of the quantity of coal; but assuming that the thickness of coal in this
seam, over an area of one square mile east of Rajhera,is g feet, Mr. La Touche
reckons that it would furnisha total quantity in round numbers of 9,000,000 tons
Here also the coal isoften very shaly.

**(¢) The more promising boring samples of coal give poor assays : they show, in fact, that
the coal is of an inferior kind. (Mr. La Touche does indeed suggest that a fairer
estimate of the constitation of the coal should be obtained by trialin bulk, but, as
will be seen later on, I question the worth of such a trial.)

“(f) The evidence obtained of lower seams than the Pundua seam does not appear to
justify any expectation of better coal on a large scale.

* Comparing these results with the previous estimate of Dr. Saise, of a total quantity of
not less than 161,377,000 tons of coal containing 11°7 per cent. of ash, and the original esti-
mates of Mr. Theo. Hughes of the Geological Survey, 9is., 11,600,000’ tons of availible eoal
with, say, 10 to 13 per cent. of ash ; and considering that Mesars. Hughes and La Touche are
experts in the recognition of strata associated with coal seams in the Indian coal-measures
and at following these up or in reasoning as to how they may be expected to continue und:r.
ground, I have, after careful consideration of the evidences, formed the following conclusion.

“1 think this boring exploitation may be taken as conclusive, regarding the inadequacy
of the Daltongunj coal-field for meeting the demand required for the proposed railway ;
although itoffers every prospect of meeting local and not very distant demands for fyel.

A2
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*“ Neither the estimated available tonnage, nor the quality of the coal, have been found to
mprove on those originally ascertained by Mr. Hughes; although I had all along hoped that
more detailed examinations and borings might have shown that he was too prone to keep his
estimates very well within reasonable probabilities. Mr. La Touche’s estimate is, of course,
only made on a good area of medium thickness coal ; but although it could be easily run up to
that of Mr. Hughes, I regret that the data before the Geological Survey do not justify our
venturing anywhere near Dr. Saise’s so much more favourable estimate.

‘ Mr. La Touche’s boring assays are certainly very depressing in their ash percentage:
but as I myself have had considerable experience in the Chhattisgarh fields, which, in many
respects are like this Daltongunj tract, where the boring samples, notwithstanding my fears of
their being mixed with shale, did after all give assays which differed very little from the assays
of the coal from trial pits ; I therefore do not think that testing in bu'k, as suggested by Mr.
La Touche, would show any very appreciable improvement in the power of the coal.”

‘T'he Darjiling coal exploration was continued to the west of the Lisu-Ramthi area
surveyed by Mr. Bose during the previous year. The entire Lower Gondwana or
Damuda area between Pankhabari’ and the Tista was examined in some detail,
and special attention was paid to the ground just by the Tista Valley cart-road,
but the excavations disclosed no promising seams : thus the quéstion of the probable
existence of workable seams in'this particular area may now be considered as settled.

. The well-known Tindaria outcrops on the Darjiling Railway

goDarjlling coal survey  gre in this area and were reported on years ago by Mr.

Mallet, though not without considerable doubt as to their

ultimate successful development. Mr. Bose does not offer any more encouraging

data: indeed he seems to imply that the condition of the coal itself and its mode

of occurrence are even more against the working of it than Mr. Mallet was inclined
to argue. . : :

Opportunity offering, at the close of this coal exploration, for some further exa-
mination of the copper occurrences in Sikkhim, Mr. Bose was posted to this work.
He examined sixteen ore localities: only two of these were being worked at the
time of his visit, the abandonment of six other places being attributable to the ina~
bility of the miners to deal with the influx of water after excavating only to a very
moderate depth. Nine ore localities are described as not having been tried at all.

Copper occurrences in The mines, or rather burrowings, at Tuk, Bhota.n'g, Ratho
Sikkhim; fairly promis- and Pachi, appear to be certainly the most promising in all
ing. Sikkhim. Mr. Bose thinks that deep mining on modern
methods is likely to yield a very fair return at Pachikhani and Rathokhani, where
the miners are now at work; and even at the abandoned workings at Tukkhani
and Bhotangkhani. It is, of course, questionible whether development in such a
distant region, under European enterprise and management, would be a success;
but there seems little doubt that a surer prospect of paying return may be antici-
pated under a -more economical and smaller staff of western management and
labour than is usually considered necessary in Indian mining ventures, supplemented
by reliable trained country labour. Iam the more earnest onthis point, consilering
how admirably and successfully such a system was being followed out by Ritter
von Schwartz during his management of the Governthent Iron Works at Barrakar;
while I believe that Dr. Saise, of the East Indian Railway Co’s. coal-fields at Kurhur-

bari. has also had satisfactory experience of the adaptability of country lubour to
more responsible work. '
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Be this as it may, Mr. Bose writes of the four ore localities mentioned above, that
Pachikhani appeared to him the most promising, as the existence of at least one rich
deposit is known, and that it ought 1o be tried first in case Sikkhim should attract
mining enterprise. A sample. taken at random from the deposit mentioned, yielded
31 per cent of copper; and from what the miners told him, the average yield from
the entire mine is about 12 per cent., or 5 seers of copper from one maund of ore.
Tukkhani, he thinks, would be a very favourable place for trial after Pachikhani.
Mr. Bose’s reports on the Continuation of the Darjiling Coal Exploration, and on
the Geology and Mineral Resources of Sikkhim were published in the fourth part of
the year’s volume of the Records.

EXTRA-PENINSULAR INDIA.

AssaM.—Renewed enquiry having been made by the Chief Commissioner of Assam
concerning the coal occurrences in the Garo Hills ;—and notwithstanding that these
places had been visited many years ago, in the first instance, by Mr. Medlicott,
and later still by Mr. L.a Touche, I thought it advisable on several grounds to
post Mr. Datta at this work. His attention was first given to the coal indica-

Renewed survey of tions on the_ Nortthest Frontier, in the Goalpara district,
Garo Hills coal: no close to Singmari on the old Bramaputra. In 1868
better results at Goal- Mr, Medlicott reported that “the existence of a fair seam
para and Rongrengiri. v oful coal at Siju was confirmed, the then value of it
being questionable on account of difficulty of access from the plains, across some
10 miles of low, rugged, hills. Of all the known outcrops at Mirampara and Cham-
pagiri, 2 most unfavourable account had to be given: the deposit was indeed the
same as at Siju, and more favourably circumstanced for working, the measures
being quite horizontal, and close to the surface, but the seam contained only a few
irregular little strings of coal in a thick bed of clay, resting almost dnrectly upon a
platform of gneissic rocks. The only apparent useful coal there lay in a possible
development of the deposit on the same horizon to the deep of the formation in
its main basin, on the south of the barrier of crystalline rocks; and I suggested that
this point might be determined by a boring in the neighbourhood of Harigaon.”

This report of Mr. Medlicott would, on the face of its being the result of so ex-
perienced an observer’s survey, appear to be a sufficiently exhaustive expression of
the poor look-out of the field, except inthe direction of Siju ; but the now increasing
tendency of certain firms of the mercantile community of Calcutta to utilize coal
areas adjacent to their planting properties in Assam, seemed to demand such
further evidence as could be obtained, especially with regard to this region. and
again on the higher country in the neighbourhood of Tura. As was to be expected,
Mr. Datta’s examination of the first tract only resulted in some further information
as to the geological formations and the finding of more outcrops of the same thin
coals or carbonaceous shales.

In the Rongrengiri field, he had again to go over ground concerning which Mr.
Medlicott had written as follows :—* Some miles up the valley of the Semsang to the
west, there is another considerable basin of the coal-measure rocks, occupying the
valley above and below the Rongrengiri outpost for a direct distance of seven miles.
Locally it is five miles wide. I could nowhere find an outcrop of the coal within
this area; but there are stratigraphical features suggesting that it may exist within
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the basin at greater depths than the present surface.” At a very much later date, Mr.
La Touche failed to discover coal seams of any practical value, though he noticed
. a seam of good coal, one foot thick in a hill, due east of
ﬁeﬁfm“g“" the proper  ghsmshangiri, and there are several outcrops of a bed of
carbonaceous shale, about 3 feet thick, at the west end of
the field, which he considered to represent the principal seam of the Darangiri
coal-field. Mr. Datta has now furnished a report, in which he adds three outcrops
to that mentioned by Mr. La Touche, the thickest being only 18 inches; though on
this, he tries to make the very best of a supposition that one seam, averaging 1 foot
3 inches in thickness, may be continuous over 10 square miles. It is with great
regret that I am unable to follow him in this estimate : indeed, were the seam
tolerably continuous with such a thickness, it is very questionable whether it could
be worked, even were the locality less difficult of approach than it is. As a matter of
previous survey, the proper and only field in this region offering immediate prospect
of successful development is that of Darangiri;for which, too, an application for
prospecting and ultimate leasing has been for some time before the Government.

Bavucuistan,—The survey for coal and oil having extended over all the country
within convenient reach of the railway lines, and in some parts much beyond that,
Mr. Oldham'’s party was withdrawn at the end of the working season. His seasor
commenced by his catching up the Kidderzai field force at Dhanasar, with the
object of examining the reported oil occurrence at Kot Moghul, about 13 miles
south-east of the Takht-i-Suleiman. Mr. Oldham’s condition of health, after an
almost continuous field working of eighteen months, prevented his meeting Sir R.
Sandeman at Apozai, as had been previously agranged, though he tried his best to do
50, and in the end he was only able to establish the bare fact that there is a small
outflow of oil. He reported it as of excellent quality, but this estimate was found

Kot-Moghu! oil. o to be too favourable when the oil was subjected to laboratory

Punjab freotier. " " judgment. The question of whether the oil existed in

sufficient quantity in the strata, or whether it could be

more favourably tapped than at the present place of patural issue, could not be de-

termined without a more extensive survey than was then possible; and the carrying

out of that will be a troublesome operation, considering that the country isa tribal
region on the frontier of the Punjab.

The history of this enquiry, so far, has been given in the second part of the year’s
volume of the Survey Records, by Mr. Oldham himself, and by Mr. Holland for the
laboratory investigation ; and it may be as well to summarize it here. In December
1889 a sample, stated to be raw mineral oil, was forwarded to me at the instiga-
tion of His Excellency the Commander-in-Chief. This was examined by Mr. Lake
in our laboratory and found to have a density of 0'822, and a flashing point of 8¢°
F., which result aroused our suspicions as to the reported source of the oil. Dr. War-
den, Chemical Examiner to the Bengal Government, found the specimen submitted to
him to have a specific gravity of 08209 at 15°5° C., and a flashing point of 8¢° F. ;
and he concluded that the specimen was not a crude oil, but a commercial kerosine
oil of Russian origin. [n September 1890 Dr. Warden reported on a further speci-
men, procured by the Deputy Commissioner of Dera Ismail Khan, when he found
it 1o have a specific gravity of 0'8154 at 15°5° C. and a flashing point of 84°29° F.
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Mr. Oldham was then instructed to visit the locality and send down samples, which,
when tried in the laboratory, yielded results showing it to be decidedly inferior in
quality, as compared with the other samples.

It has now been decided, in communication with the Dera Ismail Khan authori-
ties, that as soon as arrangements for visiting the country can be settled, a thorough
examination of the stratigraphical conditions of the country shall be made with a
view to determining the probable underground storage of the oil and the chances
of tapping a larger issue by boring.

Mr. Oldham’s further work in Baluchistan enabled hlm to send in reports onan
outflow of petroleum in the Robdar Valley, Bolan Pass; on the petroleum resources
of the country adjoining the routes to Quetta ; and on the coal resources of Quetta
and the routes leading toit ; while hisincreased experience of the general stratigraphy
of the country conduced to his adding some further evidence in favour of Mr.
Medlicott’s original suggestion in 1886 for a speculative trial boring near Rohri,
on the Indus. As a move in that direction, I have just, at the close of the year,
selected places near to and within the North Western Raxlway works at Sukkaur,
in view of projected boring operations.

In this connection, I attended the Conference on Fuel at Quetta early in
December last, when Mr. Oldham’s views on the oil conditions of the Khattan field
and in the Spintangi Valley were discussed. The test boring recommended by
him for the final settlement of the prospects of the Khattan tract is being carried
out ; baut this finality of procedure was very naturally disputed by Sir R. Sandeman,
who discovered this oil tract, and by Mr. Townsend, who had superintended all the

oil exploitations in Baluchistan until within the last six
Q:;“tfal' Conference at  p\onths. The latter gentleman still relies on certain state

breaks or faults in the neighbourhood of Khattan, on the
further side of which he considers there is a possibility of oil. Under the circum-
stances, and feeling that no chance should be allowed to pass of disclosing
a larger and [freeer issue of oil than has been met with hitherto at this place, I
volunteered, notwithstanding the fact that Mr. Oldham’s map showed no sign of
any marked faulting, to personally examine Mr. Townsend'’s stated condition of the
stratigraphy should the boring now being put down turn out unfavourable to the
future of the field. 1t was also resolved at this Conference, Mr. Townsend and I
being in agreement, that a new boring should be put down on the Sind-Pishin

Railway, in the Chuppar Rift.

NorTu-WEsT ProvincEs.—The existence of ‘very thin strings of coal and car-
bonaceous shale at Kalka, in the Simla district, has been known to the Survey for
very many years, but the extension of railway communication to that place has
naturally aroused renewed speculation as to the value of some lately reported finds ;
and urgent enquiry was made by the Deputy Commissioner of Simla. Mr. Gries-
bach examined the country in October, upon which he reports that none of the
coal deposits seems to be of any importance. The best exposure is near Kalka, in
the valley of the Kassaulia stream, about one and a half miles up-stream from Tipra

Further report on the village and one mile west-south-west from Dutiar Chouki
Kalka coal: shows un- on the Simla-Kalka road. The only coal trace in this ex-
favourable results. posure which might attract notice is an irregular deposit
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splitting up into seams, separated by 2 lenticular bed of sandstone of about 6 inches
in thickness. The seam may be estimated as having an average thickness of from
2 to 3 inches, but at one point it is seen to expand to from 8 to 12 inches. The
quality of the coal is good enough, and it burns freely, but there is not enough of it
to warrant working. Similar traces, all lignite, are found at several localities in the
Kalka neighbourhood, and in the Nahan division of the Siwalik formation, but none
of them indicate any increase on the estimate formed on the Kassaulia exposure.

Burma.—The tin exploitation in Tenasserim, under Mr. Hughes, was continued
with satisfactory result ; a very strong outcrop of the ore-bearing rock itself having
been defined within the Maliwun township, from which very encouraging samples
of tinstone were obtained.  The importance of this find may be gauged when it is
considered that this rather abnormal form of lode occurs in the series of rocks con-
stituting the ridges of the country, from the denudation of which the stanniferous
alluviums of the valleys have been formed, and that it can hardly be the only good

Tin exploration in lode of the kind. A considerable part of this lode is so
Mergui: very satistac- decomposed or weathered as to be sluiceable with profit,
tory progress. The existence of rich alluvial deposits in the Maliwun
district is also certain, though they and the rocky zone are not, I fear, rich enough
to pay working under, as I have already remarked in connection with copper
mining in Sikkhim, elaborate European management and working. The venture
must be made under an improved system and encouragement of Chinese working
similar to that ruling in the Straits Settlements; and it is satisfactory to note that
the labours of Mr. Hughes and his party of prospectors have yielded results which
have brought forward applications from syndicates, experienced in that field of
operation, for the prospecting and ultimate leasing out of lands in the Maliwun tract.
In summarizing the results of the exploitation up to the end of last season’s pro-
specting, Mr. Hughes also considers that he is justified in saying that the alluvial
tin in Bahuni, Karathur and Plyngan is of good quality, and such as should yield
good returns if worked under fair conditions; meaning, by fair conditions, sufficient
means on the part of those who would start work, and readiness on the part of the
Local Administration to assist them heartily by carrying out necessary measures.

Much remains to be done in prospecting so large and trackless a region, but
I think that by the end of the present season sufficient will have been accomplished,
by the Survey of India in topographical surveying, and by ourselves in the demar-
cation of good tin areas, for the furtherance of a successful tin development by pri-
vate enterprise. ’ v

In Upper Burma, Dr. Néetling’s services have been fully, and, as I understood
in personal conference with the Financial Commissioner of Burma, most advanta-

Usper Burma  oil- geously employed, not only in the demarcation of the oil-

ﬁeldg.P fields, but in the definition of the State wells, and settle-

: ment of the rights and position of the Twinzas, or old

native miners, At the same time, he has prepared a very elaborate and full memoir
on the history and working of the oil-fields, for the Government of Burma.

In view of the extension of a railway to Myingyan, a reconnaissance of the
country was made in that direction in the way of prospecting for coal, but without
finding outcrops; the result showing that even if the group of coal-bearing rocks
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. , on the eastern side of the Irrawaddi valley does exist

,Prc{;f“y‘“ coal Pro on the Myingyan side, it would lie at too prohibitive a

depth for working. Towards the close of the vear, Dr.

Noetling was despatched to explore the jade and amber tract, being attached

to the Column proceeding to Northern Upper Burma. His work in this direction

will be good, considering that a portion of his earlier career in Europe was spent
at amber mines.

GEGCLOGICAL INVESTIGATION.— Crystalline and Transition Series.—The season’s

South India: North- su'rveying in the Madras Presidency completed the examin-
West Frontier of Punjab:  ation of the larger and more prominent tracts of the Dhar-
and Sikkhim Himalays.  war Series, with their associated older schistose gneisses and
granitoids occurring in the very extensive tract of country included in the districts
of Anantapur, Bellary, Cuddapah, and Kurnool. This great area, hitherto displayed
on our geological map of India as a gneissic region, is therefore now capable of
being brought into much nearer formational correlation with Central India and
the western frontier of Bengal, where certain groups of transition rocks—notably
the ¢ Gwaliors.” and possibly the ¢ Bijawars’ also—occur as prominent ore-bearing for-
mations. The Madras crystallines, as more recently worked out by Mr. Foote, also
appear to have much in common with the Bundelkhund gneiss, as well as that of
Bengal. This advance in our knowledge of Madras geology will therefore be of
distinct value in the new edition of the Manual of the Geology of India, and its
accompanying map, now being written by Mr R. D. Oldham. The more detailed
memoir by Mr. Foote is now in press.

In the far distant North-West Frontier, the deputation of Mr. Gricsbach with the
Miranzai Expedittion, and Mr. Middlemiss with the Black Mouniain Force, have
afforded only slight opportunities of studying the crystallines (igneous and meta-
morphic) in that direction. Mr. Griesbach’s work is embodied in a paper on the
geology of the Safed Koh, which will shortly be published. '

From the North-East Himalayas, we have useful notes by Mr. Bose on the
elevation and disturbance of the Sikkim Himalaya, and on the igneous rocks of
Darjiling and Sikkim. The former seems to be a pretty direct application of the
general results obtained by Mr. Medlicott and Mr. Middlemiss in the Sub Hima-
laya of the North-Western Provinces.

Cretaceous, Tertiary, and Recent.—From Baluchistan, Mr. Oldham has sent in
reports on the recent deposits of the valley plains of Quetta,
Pishin, and the Dasht-i-Bedaolat; on the geology of the
Thal Chotiali and part of the Mari country; onthe geology
of the country west of the Bolan Pass; and on a tour from Quetta by Kach to
Ziarat, Hindubagh.

The second of these papers is of special interest as adding a further link to the
evidence already gained in peninsular India and Sind, pointing to the occurrence
of passage beds which appear to have been deposited during the time interval
represented by the gap between the Secondary and Tertiary periods in Europe.
Extended survey of the stratigraphical groups already distinguished by Mr. Oldham
has shown that his Dunghan group is not only separated from the cretaceous “ belem.-
nite beds” below by a slight though distinct unconformable break, unaccompanied
by disturbance; but that, while it is an essentially limestone group of great

Baluchistan : and Ha-
zara.
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thickness in the northern part of the area and in the Harnai district, it becomes, to the
south-east, an argillaceous one, with only an attennated limestone facies in its upper-
most beds. But with this change, it becomes abundantly fossilliferous, with a fauna
having cretaceous and yet decidedly nummulitic affinities. The author is sufficiently
guarded in his reading of the unconformability, the change of lithological. facies,
and the anomalousness of the fauna ; but these conditions are fairly open to the inter-
pretation that the Dunghan group probably represents the gap stated above.
Mr. Oldham’s paper is issued with the current records.

His article on the recent deposits of the valley plains is also published, a feature
of interest in it being a discussion of the native “ karez” system of tapping water
sources at the foot of the flanking hills, and leading it by underground tunnels, or
kareses, to the lower levels of cultivation. It also treats of the remarkable group
of natural artesian springs at Quetta itself; from the study of which and the other
conditions of the valley plains the author prepared a note for the Baluchistan
Agency on the mode of occurrence and probable distribution of artesian water in
the Quetta and Pishin districts.

In Hazara, Mr. Middlemiss’s work, early in the season, lay among the lower
ranges of hills immediately north of the Rawalpindi plateau, especially along the
base of the nummulitic stage, in search of any extension of the Abbottabad coal
band, of which however he found no further traces.

A notable feature connected with the recent geology of Hazara is the presence
of thick banks of coarse gravel at Diliari and other places, at a height of about 2,000
feet above.the level of the Indus. These gravels differ in no way from the beds of
gravel at present deposited by that river ; and they indicate that combined upheaval
of the country and deep cutting of the Indus have resulted in separating the present
and past erosion planes of that river by this enormous vertical distance.

Paleontological —~Professor Waagen has been our chief worker. The second
part of his Geological Results, arising out of his elaborate study of the palzozoic
Salt Range fauna, was published early in the year. He continues working at the
Ceratites, some 20 plates of which are already stored in Calcutta, in readiness for
the illustration of the text descriptions.

It hardly becomes me to write in praise of this latest contribution from so dis-
tinguished a savant as Dr. Waagen, for it will, indeed has received its meed, in that
respect, from the most competent judges in the palzontological world ; but the latest
testimony I have before me is that his generalizations on the correlation of the
Salt Range paleozoics with those of other regions have received remarkable con-
firmation in the recognition by Oberbergrath Mojsisovics of a Salt Range and Aus-
tralian faunz in the collection of carboniferous fossils obtained by the Survey in the
North-West Himalaya.

The lamentable death of Professor P. M. Duncan necessitated the transfer of the
collections of Kach jurassic ecAinorids and corals sent home to him for description, to
some other specialist in this section of research ;—a contingency for which Dr. Dun-
can bad, as it turned out, thoughtfully provided for by asking Mr. J. W. Giegory, of
the Natural History Department of the British Museum, to undertake the work.
This arrangement was then confirmed by Dr. Henry Woodward ; and we have just
received Mr. Gregory's fasciculus on the EcHINOIDEA.

Arrangements have also been made, under the kind guidance of Professor Ed,
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Suess of the Imperial University of Vienna, for the study and description of our
Himalayan collections by specialists in Austria : Palzozoics, by Dr. Wentzel ; Trias-
sics by Oberbergrath Mojsisovics ; Rhoétics, by Dr. Bittner ; and Jurassics (Spiti), by
Professor Uhlig. In the progress of study so far, Professor Suess reports that our
Silurian fossils are rather poor. On the other hand, the very remarkable though not
unforeshadowed feature has been recognized, that the carboniferous fossils belong to
two very different faunz, one of the Salt Range type and the other related to Aus-
tralian carboniferous. The triassic fossils, again, are of such extreme interest as to
have induced Professor Suess, in conference with Mojsisovics, to propose the send-
ing out of Privat Docent Dr. Diener, under contributions from the Boué Fand and
the Academy of Sciences, for the further collection of fossils, in concert with the
Survey, considering, as he does, that “ Griesbach’s discoveries are so important
that it seems well nigh our duty to follow them up as far as we possibly can.” Such
an implied appreciation of the survey work in Himalayan geology is naturally
most gratifying to us; and we too are bound to meet this most liberal and distin-
guished proposal in as helpful a spirit as can be accorded to us by the Govera-
ment of India. '

Museum and Laboratory —Mr. Holland is selecting and arranging mineral
specimens, models, and draw'ngs to form a collection as an introduction to the study
of mineralogy, which will be employed also to illustrate the demonstrations pro-
posed to be given to the students of the Presidency College. Considerable pro-
gress has been made towards a more complete arrangement and classification of the
rock collection.

The work in the Museum, however, has been considerably delayed on account
of the increase in the number of specimens received in the laboratory for determi-
nation and analysis. The principal ores assayed during the year were those of gold,
silver, lead, tin, copper, and iron ; in addition to samples of coal, coke, crude mi-
neral oils, and brines.

Mr. Middlemiss's paper on the Salt Range geology ( Records, Vol. XXIII,
page 19), published in the beginning of the year, besides adding much of im-
“portance to our knowledge of that area, shows that we are not as yet in pos-
sess‘on of sufficient data for the satisfactory solution of problems connected
with the remarkable position and characteristics of the salt-marl and its asso-
ciated minerals. As an initial move in the way of solving the questions raised,
Mr. Holland has devoted a portion of his leisure to the closer study of rocks collect-
ed in this region ; and he informs me that the results obtained so far throw con-
siderable light on the local problems besides adding much of general mineralogical
interest. Among these may be mentioned the discovery of large proportions of
anhydrite in the bi-pyramidal quartz crystals (“Mari diamonds”) ; the occurrence
also of anhydrite in the hard nodules of the gypsum beds, and the stages in the
process of hydration, ‘with the interesting structures produced during the crystalliza-
tion of the latter and its intergrowth around fragmentary remains of anhydrite-crys-
tals. The structures produced in these rocks by movements in the mass are also
worthy of remark ; the gliding planes in the crushed anhydrites and the bent lamel-
lar twinning of the gypsum, passing into stages in which inequiaxed fragments
have, by the forced assumption of parallelism, given rise to examples of the most
perfect schistosity, Mr Holland concludes that the dafa so obtained offer some
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pertinent evidence on one of the long disputed and none the less important questions
in the Salt-Range geology—namely, that the gypsum of the localities from which the
specimens were obtained is, in its present condition as gypsum. 7o/ of sedimentary
origin. It is interesting to record this result obtained in the laboratory, as it is in
precise agreement with the observations made by Mr. Middlemiss in the field.

The Museum Assistant, Mr. T. R. Blyth, has worked well, his carefulness and
precision in chemical manipulation being especially commendable.

Survey Publications.—The year’s volume of the Records contains 18 Papers, 12
of which deal with industrial or economic subjects: an Index to the first twenty
volumes of this series has also been issued. Mr. Griesbach’s ( ‘ecology of the Central
Himalaya and Mr. Lake's Geology of South Malabar also appeared respectively as
Volumes XXIII and XXIV, Part 111, of the Memuirs of the Geological Survey of
India; while the second Part of Volume IV of Professor Waagen's Salt-Range
Fossils was added to the Paleontologia Indica. .

Library.—The additions to the library amounted to 1,50t volumes or parts of
volumes, of which ggo were acquired by presentation, and 511 by purchase.

Personnel—Mr. Lake having been unable, through shattered health, to return
to India, on expiry of leave, was permitted to resign the service early in the year.
He was thus only able to be with us for the better part of three years, during which
time, however, his work was so good and so full of promise for the future that his
leaving us was a distinct loss, He contributed one Memoir and three Record ”
Papers to the Survey publications.

The vacancy so caused in our ranks was filled up in October last by the ap-
pointment of Mr. W. B. Dallas Edwards, Associate of the Royal College of Science,
London.

Our most serious loss, however, has been in the retirement of Mr. Foote,
however inevitable this was in the closing years of his extension beyond completed
service, which commenced in September 1858,

Mr. Foote was Senior Superintendent of the Survey, and he officiated once as
Director for Mr. Medlicott, and again for me, during our absence on leave from India.
Nearly all his service was spent in Southern India, the geology, palzontology,
prehistoric archzology, and economic resources of which he has investigated with
distinguished success. With the exception of the small share 1 myself had in the
original finds, Mr. Foote’s name is identified with the discovery of palzolithic re-
mains in India, and especially with descriptiors of their occurrence in Southern
India, which he further supplemented by a series of valuable observations on the
neolithic and later rhistoric occurrences, all of which has conduced to his being
accepted as the recognized authority in Europe on this branch of Indian research.
At the instance of Professor Huxley, in communication with Sir M. E, Grant Duff,
then Governor of Madras, he made an elaborate survey of the Kurnool caves, and
exhumed a large coliection of mammalian remains of later pleistocene age, among
which there is a comparatively large number of species which are either totally
extinct, or which are rot now found living in India. His discovery also of RhAino-
ceros deccanensis, in the Belgaum dis rict, was an important advance in the study -
of our pleistocene deposits, while it threw quite a new light on the vexed question
of the origin of cotton soil. Our survey of the cretaceous and upper gondwana
rocks in Madras rests considerably on his close and observant exploration ; and his
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distinction of the “ Dharwars” among the Transition Series, and following out of the
great iron bands in the crystallines of Salem will be of enduring economic value.
For the published work of the Survey he has contributed 6 Memoirs, 1 Palzonto-
logia Indica, and 19 Records.

The pleasant satisfaction remaining to us is that Mr, Foote has only severed his
connection with the Survey officially : he still remains our colleague in Indian
geological work,

WILL. KING,
Director, Geological Survey of India,

January 315!, 1892,
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List of Socteties and other Iwstitutions from which publications have

been recerved in donation or exchange for the Library of the Geo-
logical Survey of India during the year 1891.

Apxrraipe.—Royal Society of South Australia,
Arsany.—New York State Maseam.
ArraHABAD.—North-Western Provinces and Oudh Provincial Museum.
BarraraT.—School of Mines.
Bavtiorr.—Johns Hopkins’ University.
BaseL.—Natural History Society.
Batavia.—Batavian Society of Arts and Sciences.
BeLrasT.—Natural History and Philosophical Society.
BerLIN —German Geological Society.
- Koéniglich Preussische Geologische Landesanstalt.
’ Royal Prussian Academy of Science.
” Royal Prussian Geological Institute.
BorogNa—Royal Academy of Sciences,
Bomsav.—Bombay Branch of the Royal Asiatic Society.

" Marine Survey of India. .
» Meteorological Department,
» Natural History Society.

Borpeaux.—Linnean Society of Bordeaux.
Boston.—American Academy of Arts and Sciences.
» Society of Natural History.
Bresrav.—Silesian Society.
BrisBanE.—Queensland Branch, Royal Geographical Society of Austra-
lasia.
o Queensland Museum.
BristoL.—Bristol Naturalists’ Society.
BrusszLs,—Royal Geographical Society of Belgium.
» Royal Malacological Society of Belgium.
Buparest.—Hungarian National Museum.
Burenos Aires.—Argentine Republic.
Caex.—Linnean Society of Normandy.
CarcutTa.—Archzological Survey.

" Asiatic Society of Bengal.

» Editor, “ The Indian Engineer.”

” »  “Indian Engineering.”

” Indian Association for the Cultivation of Science.
» Indian Museum.

» Meteorological Department, Government of India.
” Survey of India.

. University of Calcutta,

Causrince.—Philosophical Society.
_Cauprince, Mass,—Museum of Comparative Zodlogy.

CasseL.—Royal Mineralogy (Geology) and Pre-Historic Museum of
Dresden.
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Curistiania—Editorial Committee, Norwegian North Atlantic Expedi-
tion.
CincinNaTL—Society of Natural History.
CoreNHAGEN.—Royal Danish Academy.
Deura Dun.—Great Trigonometrical Survey. ,
Drespen.—Isis Society.
Dusrin.—Royal Dublin Society.
” Royal Irish Academy.
Eninsuke.—Geological Society.
Royal Scottish Society of Arts.
Royal Society.
” Scottish Geographical Society.
” Signet Library.
FroreNncE.—Royal Geological Commission, Italy.
Geneva,—Société de Physique.
Grascow.—Geological Society.
» Glasgow University.
Gorua.—Editor, Petermann’s Geographische Mittheilungen.
GorTiNGEN.—Royal Society.
Harre.—Kais, Leopoldinisch-Carolinische Deutsche Akademie der
Naturforscher.
Hareissurc,—Geological Survey of Penusylvania.
Hogart.—Royal Society of Tasmania.
Kon1essErG,—Physikalisch-Okonomische Gesellschaft.
Lavusanne.—Vandois Society of Natural Sciences.
Lrinen.—Ecole Polytechnique de Delt.
Lzirzic.—Vereinfir Erdkunde (Geog. Society).
Lizee.—Geological Society of Belgium.
Lisson.—Geological Survey of Portugal.
LiverrooL.—Geological Society.
LoNnoN.—British Museum (Natural History).

”

»

» Geological Society.

» Iron and Steel Institute.

" Linnean Society of London.

» Royal Geographical Society.

» Royal Institute of Great Britaim.
» Royal Society.

» Society of Arts.

” Zoological Society.
Mapras.—Forest Department.
Maprip.—Geographical Society.
MancuesTER.—Geological Society.
” Literary and Philosophical Society.
MzLBourNe.—Department of Mines and Water-Supply, Victoria.
" Premier, Natural History, Victoria.
MiraNo,—Italian Society of Natural Sciences.
MonTreAL AND OTTAWA. —Geological and Natural History Survey of Canada.
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MoNTREAL AND OTTAWA.—Royal Society of Canada.
Moscow.—Imperial Society of Naturalists.
Munica.—Royal Bavarian Academy.

Narres.— Royal Academy of Science.

NewcasTLE-ON-TyNE—North of England Institute of Mining and Mechanical

Engineers.
New Haven.—Connecticut Academy of Sciences.
" The Editor of the * American Journul of Science.”
New York.—Academy of Sciences. :
Oxrorp.—University Museum.
Paris,—Geographical Society.
” Geological Society of France.
» Geological Survey of France.
” Mining Department.
PHiLaDELPHIA.—Academy of Natural Sciences.
” American Philosophical Society.
” Franklin Institute.
Pisa.—Society of Natural Sciences, Tuscany.
Quesec.—Literary and Historical Society.
Rio-pE-JanEIRO.—National Museum,
Roue.—Geological Survey of Italy.
» Royal Academy.
Sacramento.—Californian State Mining Bureau.
SainT PeTERSBURG.—Geological Commission of the Russian Empire.
» Imperial Academy of Sciences.
SaLEM.—American Association for the Advancement of Science.
» Essex Institute.

San Francisco.—Californian Academy of Sciences,
SiNGAPORE.—Straits Branch, Royal Asiatic Society,
STrAsBURG.—Strasburg University.

SypNEY.—Australian Museum.
. Department of Mines, New South Wales.
" Geological Survey of New South Wales.
” Linnean Society of New South Wales.
” Royal Society of New South Wales.
Toxvo.—Asiatic Society of Japan.
ToroNTo.—Canadian Institute.
~ TuriN.—Royal Academy of Sciences.
Venice.—Royal Institute of Science.
Vienna.—Imperial Geological Institute.

’ Imperial Natural History Museum.
” K. K. Geographischen Gesellschaft.
» Royal Academy of Science.
WasHINGTON.—Smithsonian Institution.
' ” United States Department of Agriculture,
” United States Geological Surv.y,
» United S:ates Mint.
— N -
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WasuinToN.—United States National Museum.
WeLLiNgTON.—Colonial Museum and Geological Survey of New Zealand.
Department of Mines, New Zealand.

. New Zealand Institute.
Yokouama.—German Naturalists’ Society.
»” Seismological Society of Japan.

York.—Yorkshire Philosophical Society.
The Governments of Bombay, India, Madras, North-Western Provinces
and Oudh, and Punjab.
The Chief Commissioner of Burma.
The Resident at Hyderabad.
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Report on the Geology of Thal Chotidli and part of the Mari country, by
R. D. OLbHAM, A.R.S.M,, F.G.S., Deputy Superintendent, Geologi-
cal Survey of India. (With a map and 5 plates.)

The area to be described in the following paper lies to the east of that treated
of last year; its limits can be seen by reference to the map
) annexed.

Apart from the very brief mention of the gorge at Tung by Dr. Blanford,! and
some papers regarding the petroleum at Khattan which have
been referred to in my previous report,? there is no litera-
ture regarding the area under description. '

The structure presents the same features as were noticed before, in the almost
Structure. complete absence of any of those great reversed faults and
Absence of great faults. thrust planes which are so common in mountain regions.

The only exception is in the south-east corner, where, according to Sub-Assistant

Hira Lal, the upper nummulitic beds and cretaceous beds are faulted into direct

contact with each other. But, though not exhibited on a large scale, there are many

very pretty instances of faults on a small scale, two of which are shown in Plates I
and IL

A very remarkable occurrence of horizontal beds over a considerable area in the

. Béji valley was quite unexpected in a region usually so

Horizontal beds. higlhly dis{urbed.q The horisontality is mage very mx}l'spi-
cuous in the field, and easily recognizable on the map, by the capping of hard Spin-
tangi limestones crowning the hills of Ghdzij shales and exhibiting those long hori-
zontal lines of cliff and talus slopes, with an irregular outline cut by numerous re-
entering angles, which form the scenery characteristic of a deeply eroded series of
horizontal beds of unequal hardness.

The oldest rock exposed is the same grey limestone as was seen in the Mirdb
Stratigraph Tangi,® but it was much better seen this year in the hills west

Oldest roci. seen: Of the Thal Chotiali plain, which are traversed by the Sémbar
massive limestone. pass. The beds are thrown into an anticlinal fold, whose
core, composed of these hard grey limestones, stands up as & high hill, traversed
by the deep gorge of the Sémbar pass.

This gorge is not of the ordinary type of water-worn ravine, exhibiting on either
side a section of the beds through which it is cut, but has been formed along a deep
and sharply-folded synclinal flexture, which obliquely traverses the main anticlinal.
The stream has taken advantage of the narrow strip of soft beds, which was thus
made to traverse the hard limestone core, and has deprived us of the deep cut sec-
tion which this pass should otherwise have exhibited.

About 3 miles to the west, however, there is a gorge cut through a lower part of
the hill which exposes a section of a portion of the limestone, and exhibits it as very
similar in type to the cretaceous grey limestones of the Quetta hills, with which I
have little doubt that it is identical.

Area to be described.

Previous literature.

1 Mem., Geol. Surv,, Ind., XX, p. 197.
2 Rec., Geol. Surv,, Ind., XXI]I, p. 93.
% Rec. Geol. Surv. Ind., XXII, p. 93 ; the word  nummulitic’ in the marginal reference is

an error.
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This limestone crops out in the centre of the Dunghan mountain, of the anti-
clinals of Samach, of the Miri hill, and of Maz4r Drik in the
Béji valley. Though not mapped as occurring in the Rasta-
réni hill, east of Mdmand, it appears to occur there, so far as can be judged from the
account of Sub-Assistant Hira Lal.

From none of these last named localities were any fossils obtained, but in the
Sémbar pass the uppermost beds yielded some fossils, among
which a Rhynconella was most abundant. A fragment of an
ammonite was also found, and Belemniles, which appeared to belong to the same
species as occurred in the next succeeding group, but they had been shattered by
the disturbance the beds had undergone,and could only be extracted in a fragmentary
condition which precludes any specific determination.

The massive cretaceous limestones are overlaid with perfect conformity by a
series of beds which, in the Sémbar pass, attains a thickness
of at least 1,000 feet, but is usually much thinner, the differ-
ence being apparently due principally to a squeezing out of the lower shaly beds by
compression. In the Sémbar pass the lower half of the group is composed of black
shales with some sandy and calcareous beds and, near their base, the shales contain
an admixture of volcanic ash. The upper half of the group consists of distinctly
bedded green and purple indurated marls and limestones, capped by about 250 feet
of compact white limestone. '

These upper beds resemble so closely, in lithological character, those variegated
beds seen inthe Chappar rift, which were formerly! referred
to by me as the Chappar shales, that I have no hesitation in
identifying thetwo. They agree, moreover, in stratigraphical
position, as will be seen further on, and the occurrence of an admixture of volcanic
ash with the sedimentary material of the lower beds in the Tarai Tangi® is another
fact pointing to the same conclusion; moreover, there are frequent exposures of
precisely similar beds occupying the same position relative to the other rock groups
in the ground intervening between the Sembar pass and the Chappar rift.

Having established the identity of the group in the two separate localities, it ap-
pears inconvenient that it should retain a name derived from a locality where it is
very imperfectly exposed, neither the thick white limestone at the top, nor the still
thicker black shales at the base being represented, except in a most imperfect
manner, and I shall in future refer to the group as the ¢ belemnite beds.’

These belemnite beds are, in many places, abundantly fossiliferous, but the

. . fossils found are almost entirely confined to several species
m‘:::’:ilt’e',_ belemnites, ot Belemnites, mostly belonging to the section Dilatati, the
only exceptions being a few fragmentary casts of Ammonites

found 3 miles west of the Sembar pass.

The uppermost white limestone was not observed to be fossiliferous within the
area of the map, except for a few belemnites near its base, but I have seen it, on
the road from Harnai to Loralai, containing both Nummulina
and Alveolina. At the time I was not aware of the true
stratigraphical relations of the rock, and, being inclined to class it with the overlying

1 Rec., Geol. Surv., Ind., XXIII, g3 (1890).
3 Joc, cit., p. 94.

Distribution.

Fossils.

Belemnite beds.

Equivalent to Chap-
par shales,

Nummulites.
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Dunghan limestone, then regarded as nummulitic, did not attach the importance to
the observation which it has since proved to possess, and, unfortunately, did not
carry off any specimens. There can, however, be no doubt as to the accuracy of the
observation.

The distribution of the belemnite beds is wider than that of the underlying
massive limestone. Besides forming an oval round all the
exposures of the latter, it is the lowest rock exposed in
the Sondri anticlinal and in two others in the south-east corner of the map; to the
north of Lat. 30° it is the lowest rock seen in the cores of the anticlinals; and is
known to be largely exposed to the north of the map in the direction of the Béri valley.

The distribution of fossils inthis group appears, at first sight, to be capricious, for
they have only been found in the Sémbar, Samach, Mazér Drik, Dunghan and Miri
anticlinals, and not in those to the north-west or south-east of these. This is, how-
ever, probably due to the fact that, in those exposures where no fossils have been
found, only the uppermost beds are exposed, and these are everywhere very spar-
ingly fossiliferous, if fossiliferous at all. Further to the north, along the Béri-
Mgékhtar road, belemnites are common enough in the beds of this group.

The belemnite beds form the uppermost member of a conformable system,
above which comes a slight, but distinct, unconformable
break. This is best seen in the Soniri anticlinal and that
near Mazdr Drik in the Béji valley, where the beds immediately overlying the white
limestone contain numerous fragments of it; in the Mazdr Drik anticlinal the white
limestone is worn into an undulating surface, on which the lowest bed of the next
succeeding system is deposited, and in the upper ‘Béji valley there is & marine con-
glomerate bed containing fragments of white and grey limestone, the latter being
apparently derived from the massive cretaceous limestone, This unconformity is
also indicated by the remarkable variations in the thickness of the white limestone,
variations which are equally noticeable outside the limits of the area under descrip-
tion. As has already been remarked, it has a thickness of about 250 feet in the
Sémbar pass, but on north side of the Mazdr Drik anticlinal this is reduced to only
2010 30 feet. So, too, on the road from Harnai to Loralai there is no distinct band
of white limestone seen in the first anticlinal crossed by the Mirdb Tangi, between
Harnai and Tarwe Khan, but, at Dilkdna, only 5 miles further on, the white lime-
stone is well developed, though the thickness was not estimated.

Another fact, pointing to an unconformity between the belemnite beds and those
overlying them, is the occurrence of pebbles of white nummuliferous limestone,
evidently derived from the uppermost white limestone of the belemnite beds, in a
conglomerate which occurs near the top of the Ghzij group both near Shahrig and
to the south-east of Quetta.

But, although this unconformity is distinct and unmistakeable, there is not, so far

. as I have yet seen, any recognizable divergence from a per-
dis‘t{:‘:{)?:;?a"'ed by fect parailelism of dip between the beds above and below
it. It was not, consequently, preceded by any marked dis--

turbance of the beds already formed, and need not represent very great lapse of
time. On the other hand, if the identification of the pebbles of grey limestone in
the lower beds of the next succeeding system with the massive cretaceous grey lime-
stone. is correct, there must have been a very extensive denudation, meaning a

Distribution.

Unconformable break.
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considerable lapse of time, and the absence of any of the Belemnites, so abundart
immediately below the unconformity, in the overlying beds points to the same con-
clusion. For the present, however, and until the results of more extended survey
are available, it is impossible to determine the exact stratigraphical value of this
unconformity.

The group which is met with immediately above this unconformity is, in many

Dunsh ways, the most interesting of all those met with ; it is the same

nghAn ErOUP  that was described by me as the Dunghan group. In the
northern part of the area surveyed during the past season it presents the same
character as it has in the Harnai district, that is to say, it is essentially a limestone

Cha ¢ i group of great thickness. To the south a remarkable change

nge otlacles:  comes in by the development of argillaceous beds in the
base of the group, which encroach more and more on the limestone till, in the south-
east, only a few of the uppermost beds remain as limestone, the rest of the group
being mainly argillaceous with some subsidiary beds of sandstone and impure
limesione. The limit of the change between the two facies is tolerably well defined,
- coinciding approximately with the road from Spintangi to Thal Cheti4li; and its
abruptness is noteworthy. Thus, in the Dunghan mountain, the group is composed
of limestones, some 2,000 feet in thickness, but within 15 miles to the east, in the
Maz4r Drik anticlinal and to the south-east in Sondri, there is not more than two or
three hundred feet of limestone at the top of a thick series of shales.

It is natural to ask whether such a sudden change of facies does not indicate a
distinction between the two ; such at first was the interpretation I was inclined to put
upon it, and in the field maps the distinction was preserved to thelast. A gradually
increasing intimacy with their mode of occurrence, and a careful review of the evi-
dence, has, however, convinced me that they are identical, in spite of their litho.
logical dissimilarity.

A very good exposure of the argillaceous facies of this group is seen in the Dés

valley near Khattan. In the lower portion of this tributary

Dés valley. valley the Gh4zij shales are seen, which continue till a sheer
sloping face is met with, composed of the pseudo conglomerate or true limestone
breccia,! associated with flaggy limestone as at Khattan, the total thickness being
about 100 to 150 feet. This is underlaid by 600 to 700 feet of grey shales, below
which comes a group of beds which forms a well marked and easily recognizable
horizon in all the sections of this district. The uppermost bed is a limestone, com-
posed almost entirely of oysters (Exogyra 2), but also containing a few other fossils.
In the section it is very dark coloured and impregnated with petroleum, which oozes
from the exposed surface. This is underlaid by sandy beds, one band of which is
red throughout, and the others frequently stained red with iron. Below the sand-
stones, in the Dés valley, comes a great thickness, probably over 1,000 feet, of shales,
many beds of which are so abundantly fossiliferous as to become impure limestones.
At the head of the valley, where the dip flattens down horizontal, they form cliffs
surrounding an amphitheatre, and are conformably underlaid by unfossiliferous grey,
green, and purplish shales. The limit between the profusely fossiliferous beds and
those in which no fossils can be found is abrupt, but perfectly conformable, and

1 Rec., Geol. Surv., Ind. XXIII, pp. 94, 95.
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though no fossils are as a rule to be found in the shales, yet, in-the Maz4r Drik
anticlinal, I found, low down in this portion of the group, a band of Nummulites,
apparently identical with some of the forms found higher up.

The band of sandstones, stained with iron, and overlying oyster bed, can be
recognized in all the sections in the southern part of the area included in the map
and is important in the identification of this shaly group with the Dunghan lime-
stone, for, in the Mazir Drik anticlinal, the whole thickness of the beds above it
consists of limestones, which there is no difficulty in recognizing as the same as the
unmistakeable Dunghan limestone close by. But the identification of the shaly group
with the Dunghan depends mainly on the similarity of stratigraphical position of the
two and the constant presence of the pseudo conglomerate, or limestone breccia, at
the top of the group marking division from the overlying Gh4zij shales.

This bed forms well-marked and easily recognizable horizon throughout the area
surveyed ; it is almost invariably visible, where the Dunghan group is shaly in com-
position with only a small thickness of limestone at the top, and is frequently
visible in the northern part of the area, where the group is composed of limestone
throughout. How far its local absence may be due to imperfect action of the
causes which led to the concretionary structure being developed, and how far to
imperfect exposures of the bed, it is not altogether possible to say, but it is note-
worthy that, in the northern portion of the area under description, the concretionary
structure is less well-developed, and here the observed occurrences are least fre-
quent, while in the south and east, where there is hardly a contact section in
which it cannot be detected, the concretionary structure is so well developed that
it is frequently almost impossible to believe that it is not a true conglomerate. I
have, however, no reason for departing from the conclusion come to last year re-
garding the nature of this structure, and, in spite of the very striking appearance pre-
sented by individual exposures, there are several features in its mode of occurrence
which are incompatible with the supposition that it is a true conglomerate ; these
are, the absence of any important variations in thickness, its interstratification with
fine grained flaggy limestones, the absence of any coarse grained deposits associated
with it, and, above all, the absence of any rock, of older date, similar to that of
which the “ pebbles” are formed.

The presence of this peculiar and easily recognizable rock at a definite horizon
has been a most important aid to the geological mapping of the country, as it en-
abled the boundary between the Dunghan and Gh4zij groups to be determined with
accuracy, when this would, in its absence, have proved almost impossible of ac-
complishment. ' '

Concurrently with the change of facies of the Dunghan group it becomes abun-
dantly fossiliferous,and a large number of specimens were
obtained from the shaly beds. When the fauna of this group
comes to be examined ir: detail, Ianticipate it will lead to results as striking in their
way as the remarkable change which, within twenty miles, converts a group of
marine limestones, 2,000 feetin thickness, into an almost entirely argillaceous group.
Until the fossils collected have been examined by a competent palzontologist it
would be presumptuous to hazard an opinion as to the paleontological affinity of
the fauna as a whole, but it presents certain striking ano-
malies which cannot be passed over in silence.

Fossils.

Anomalous fauna.
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Among the Cephalopoda collected were fragments of two species of Ammonites,
Crioceras, and besides these I have been shown Ceratites and Baculites, which were
found by Mr. R. A, Townsend in the Dés valley; among the echinodermata fully
half the specimens found belong to the order Echinoconide, and an oyster very like
O. carinata is not uncommon. These would ordinarily be held sufficient to stamp
the fauna as cretaceous, or at any rate upper secondary, yet this fauna not only
occurs above the white limestone of the belemnite beds, in which Nummulina occur,
but is accompanied in the same group by an abundance of specimens of Nummulina
belonging to three or four species. I am aware that the genus Nummulina has been
found in beds of carboniferous and of secondary age, but it is uncommon and, as
yet, it has always been accepted that any beds in which the genus is abundantly
represented are of tertiary age.

Under these circumstances it must remain an open question whether we are to
regard the Dunghan group as oldest tertiary, or newest secondary, in age. Dr.
Blanford in his memoir ! regarded the Dunghan limestone, near Harnai, as lower
nummulitic, and very naturally so, for the almost only recognizable fossils it con-
tains are foraminifera, mostly ‘Nummulina, but in the Suleiman hills he took the
“limestone breccia ” to mark the base of the tertiary system. As may be seen
from what I said above, there is a contradiction here and, as matters stand, it is im-
possible to say which of the two views is correct, If the top of the Dunghan group
represents the lower limit of the tertiaries, we have to acknowledge an extreme
abundance of the genus NVummulina in beds of cretaceous age; if the bottom, then
the Ammonoidea are represented, in beds of tertiary age, by several genera and
species. A third interpretation is open, and probably it will prove the true one,
that the Dunghan group represents the gap between the Secondary and Tertiary
period in Europe.

The distribution of the Dunghan group is a large one, and is best explained by
a reference to the map. In the north-western portion of the
area, where it consists mainly of limestone, it forms high hills
and mountains ; to the south-east, where it is shaly, this is much less noticeable as,
in most cases, the thin shell of limestone has been broken through by denudation,
and the easily removed shales exposed.

The Dunghan group is conformably overlaid by the Ghézij group which pre-
sents the same character as was described in my previous
paper and will not require lengthy notice here. To the north
of the Thal Choti4li plain some coal seams occtrr in this group, and near Khattan a
thin band of impure coal is found near the top of it, but throughout the rest of the
large area it occupies no coal was seen. Fossils are not very abundant except near
the top of the group.

The Ghézij group is overlaid by the Spintangi beds, not only with most perfect
conformity, but with an absolute obliteration of any definite
boundary. In the neighbourhood of Khattan several thin
beds of white limestone, of the Spintangi type, occur among the Ghdzij shales, and
green shales are found interbedded with beds which appear to be the equivalents of
the Spintangi group at Spintangi. It has become evident that the litkological dis-
crimination of the two groups is impossible, and, on paleontological grounds, it will

-1 Memo., Geol. Surv., Ind., XX.
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be equally difficult, for the fauna of the shaly beds is not ex'ensive, and naturally is
very different fiom that of the clear limestones, and the same fossilg, at least so faras
the more abundant forms are concerned, appear to be common te the limestone bands
in the Ghdzij groups and tothe main body of the overlying Spintangi group. Under
these circumstances, seeing what a large share the mere change
of condition would have in bringing about the change of
fauna, a line of demarcation drawn on palzontological grounds
would no more represent a definite epoch than one drawn on purely lithological
grounds. In fact there is no real distinction between the groups, and there is good
reason for supposing that, to the south-east of the limits of the map, beds would be
mapped as Spintangi which were of contemporaneous origin with some that have so
far been mapped as Gh4zij.

Although the boundary between these two groups has none of that definiteness
which attaches to the other boundaries, it has been inserted as a matter of conveni-
ence, for not only does the sub-division of the nummulitic beds above the Dunghan
serve to render the structure of the country recognizable at a glance, but it serves to
show to the distribution of two strongly contrasting types of deposit.

A noteworthy feature of the Spintangi beds in the southern portion of the area
mapped is the thickness of the gypsum beds it contains. Along the upper part of
the Khattan valley they are very conspicuous on the scarps, and near Mdmand
there is, according to Sub-Assistant Hira Lal, a bed of so feet thick, besides four
others aggregating 33 feet in a total thickness of about 4co feet near the middle of
the visible section of the group.

The Spingtangi group is overlaid to the south by Siwalik beds of the ordinary

Siwali type, and these are the only indubitable Siwaliks in the area
iwalik. .
examined. There are, however, some other beds whose true
classification it is difficult to determine ; from their aspect they might well pass for
Siwaliks, but as it is very doubtful if they are contemporaneous or were ever con-
tinuous with any of those beds which have been mapped as Siwalik along the margin
of the hills, I prefer to class them separately for the present.

The most important of these is an area of disturbed sands and gravels lying
east of Mdmand. They consist mainly of old river shingles,
but, where they have been cut into, these are found to be in-
terbedded with soft sandstone, little harder than rock-sand,
and clayey beds; they have mostly a distinct dip which in one place rises to 50°,
Besides this main exposure there are three outliers, perched on the top of hills, at the
eastern end of the Mdmand plain. These gravels are evidently old deposits of the
same stream which now flows to the south of M4mand ; but, since they were formed,
there has been some disturbance of the beds and an alteration of the course of the
drainage, partly due to this disturbance, and partly to a lowering of levels along the
band of easily denuded Gh4zij shales, a little way to the south.

Further down this stream, near Karmari, there is a large development of gravel
deposits which rarely show any noticeable disturbance, but have been deeply cut into
by the streams. '

In the Béji valley there is a large expanse of gravel deposits in which no signs of

disturbance were seen. They have, however, been cut into,
to a depth of nearly 100 feet in places, and, just above the

Want of definite boun-
dary.

Sub-recent gravels of
M4mand.

Béji valley. ©
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junction of the Bareli, there is a hill of Gh4zij shale, capped by sub-recent river
gravels.

In the Thal Chotidli plain, separating the main area from the Kar4hi plain, there
are some low hills of gravels, which have been bent up into
an anticlinal, These are evidently old deposits of the river,
before its gradient was checked, and have since been disturbed. They will be again
referred to when treating of the Thal Chotidli plain.

The most remarkable instance of disturbance of these sub-recent river ‘gravels
is exhibited by those of the Panun valley (Pano of the map).
Between the Sherki hill and the western end of the Mazér
Drik anticlinal there is a great thickness of gravels, through
which the stream has cut its way. At their northern limit these are in direct contact
with Gh4zij shales, and have been bent up vertical and in places as much as
30° beyond the vertical, so as to acquire an apparent dip to N. at 60° (Plate III).
The dip is very local ; within 300 yards to the south it has almost disappeared, and,
throughout the area occupied by these gravels, no signs of disturbance were seen,
except in the immediate vicinity of its northern margin.

Gravels of recent date are abundant in all the stream valleys. They have not

been considered of sufficient importance to be mapped
Recent gravels and j; getail, Besides the numerous smaller deposits in the
alluvium. . .
stream valleys there is a large area in the Quat Mandai
valley, covered principally by gravels, but in part also by fine-grained alluvial
deposits.

Among recent deposits must be classed landslips, which are more common than
would be expected in so dry a climate. There is a very large
and conspicuous landslip at Kuridk Tangi, 8 miles east of
Spintangi, which extends for nearly 3 miles across the valley, having come from the
hills to the south. This landslip must have blocked the drainage for a time, as the
Tangi is cut through its substance, between its source of origin and termiration.

Smaller landslips are common where the Ghdzij shales are exposed on a hillside,
being induced by the manner in which these shales weather into slimy mud which
will move over very small gradients. A very striking instance cccurs south of Son4ri,
where, on the watershed between the drainage of the Chékar and Béji valleys, the
whole outcrop of the Ghézij shales is completely concealed by a thick layer of huge
angular masses of Dunghan limestone. It is, at first sight, almost impossible to sup-
pose that the limestone is not in sifu here, but, on either side of the ridge, these
blocks are seen to overlie the edges of nearly vertical beds of the Dunghan and
Spintangi groups.

The most interesting and important of the recent deposits are, however, the

numerous valley plains of fine-grained loess or alluvinm,
plaAi‘r}:.'hl and loess Thege vary in size from the numerous small “ Thals” on the

hillsides, too small to be distinguished on the map, to the
great plain of Thal Chotiali, and the still greater plain of the Sibi  Pat.”

The Thals are small hollows, perched about the hillsides and on the hill tops,
some due to solution of the underlying limestone, others to small landslips, in which
accumaulations of dust and rain wash, from the surrounding hillsides, form a very
gently sloping floor. They are mostly cultivated by the Maris, who have not yet been

Thal Chotifli.

Disturbance of gravels
at Panun.

Landslips.
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able to get over the objection, born in old predatory days, to cultivating the
valleys, where the crops are visible to every passer-by, and would probably have been
reaped by some other person than the man who sowed them. :

The larger plains, those of M4mand, Samach, and Pdr, as well as some of the
smaller ones, evidently owe their origin to differential movements, or warping, of
the surface, by which the drainage was checked, and the accumulation of fine grained
deposits rendered possible.

The plains of Pir and Mémand are both situated in synclinal hollows of the
underlying rock; in the latter case the old escape of the
drainage can be traced on the south side of the plain, and
“the old river gravels, deposited in former times when the streams flowed across the

area now covered by the plains, extend over a low divide and slope gently north~
wards under the loess. The deposit which fills the hollow that was formed is fine
and uniform in grain, of a pale grey colour, and very calcareous; the very few and
shallow sections exposed show no signs of stratification, and there seems no reason to
doubt that it is, in the main, wind blown leess, derived from the dust blown off the
surrounding hills, supplemented to some extent, near the margins of the plains, by
matter brought in by the streams. The history of the plain is evidently as follows:
At first there were river valleys of the ordinary sort draining to the south. After
these had been well excavated, the compression to which these hills have been sub-
jected caused the stream bed south of the M4mand plain to rise at a greater rate
than the stream could cut down its channel. The first result of this was to form &
deposit of gravel filling up the hollow, but the rise of the barrier went on ata greater
rate than the deposit, and a hollow was formed which the materials brought down
by the stream could not fill and from which the dust that accumulated could not be
washed away ; so the loess gradually formed and by degrees spread overthe gravels,
hiding them and obliterating all minor inequalities of the ground to form a nearly
level plain, now cultivated over almost the whole of its area. The whole of this pro-
cess, from the original carving out of the vzlieys to the formation and filling up of
the basin, every stage of which must have been very slow and gradual in its progress,
has taken place since the deposition of the sub-recent gravels mentioned above,
and, when it is remembered that these are among the latest members of the tertiary
period, if indeed they are tertiary at all, it gives a most striking indication of the in-
comprehensibly vast periods of time which the geological record must necessarily
cover.

The Samach plain differs from that of Mimand in-being formed on the crest of
an anticlinal, but its origin is none the less evidently due to

. Samach. differential movements of the surface, Its history has been
as follows: In the first instance an anticlinal hill of Dunghan limestone was formed,
whose crest was broken through by denudation, exposing the easily denuded shales
of the lower part of that group and the Belemnite beds, and a tolerably deep valley
was consequently formed, but the drainage of this valley had to cross the axis of the
anticlinal, and, in consequence of further compression, the ground along the axisrose
and checked the drainage, after which the subsequent history was much the same
as that of the Mémand plain.

The fine grained deposits of Samach differ somewhat from those of Mémand in
appearance. Whether they are calcareous or not I forgot to note, but their colour is

M4mand.
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a reddish brown, and they are much more loamy in appearance and texture. The
difference is doubtless due to the amount of fine grained argillaceous matter washed
down into this plain, whereas at Mdmand the bulk of the debris brought down by
the streams was limestone gravel, which came to rest close to the edge of the
hills.

In the Samach plain we can see the beginning of the end, for the barrier has
been partly cut through and the stream has cut back into the plain, converting
its eastern end into a maze of perpendicular-sided ridges and channels, while
the rest of the plain still preserves its original smooth surface.

The other plains of loess present very much the same character and history as

Thal Chotisli. these and do not require further notiee here, but the great Thal
Chotiali plain, 45 miles in length and 12 in breadth, presents
so many features of interest that it cannot be passed over without some mention.

The western half of the plain is a barren treeless expanse of pale grey loess, at
first sight level throughout, but having in fact slight gradients to the west and south,
where water collects after heavy rain. In the eastern end the soil is of a reddish -
colour and is less of a dead level, some slight rises being perceptible, especially
near Gumbaz; and along the banks of the stream, which flows past Gumbaz and
Chotidli, there is a park-like strip in which tamarisk and poplar trees shade the
stream and are dotted about with green sward under their shade, forming a view
not unpicturesque in itself, and positively beautiful by contrast with the barrenness
of the surrounding country. The Karéhi plain, too, is in spring a mass of verdure.
In March last its centre was occupied by an expanse of water in which numberless
waterfow] and waders were disporting themselves, and on the stretch of ground
surrounding it countless herds of sheep, cattle, goats, and donkeys were grazing.

The fine grained deposits of the plain are of two distinct types. One of these is
pale grey in colour, highly calcarecus and very obscurely stratified. It corresponds
to the loess deposits of the Quetta plain. The other is of a reddish brown colour,
imperfectly but distinctly stratified, which appears to correspond to the undisturbed
equivalents of those beds which, in the Quetta district, have been classed as Siwalik.

The drainage of the plain presents features of interest. On the north two con-
siderable streams enter the valley. One of these drains the Sinjéwi valley and flows
past Ddki. The ordinary flow of this stream is entirely absorbed by cultivation and
the flood waters spread .out over the plain, partly soaking into it, partly accumulating
in the hollows, whence they gradually dlsappear by percolation and evaporation.

The other is the Hanambir stream, which is joined near Chotili by the Naréchi
flowing from the east, and the combined waters flow out through the hills at Tang,
or, as it is more commonly called, the Gh4ti bridge, being there, and for the rest of
their course to Babar Kach, known as the Béji river.

This, the oniy outlet for the drainage of the Thal Choti4li plain, is not the origi-

Present drainsge out. nal course of the drainage, and is, moreover, of very recent
let. date. The hills on either side of it are low, and slope
gently to the stream,! which does not flow in any deep cut

gorge or steep-sided valley marking the long action of denudation. There are no
traces of river gravels, and in the plain above the hills the stream flows in a .narrow

1 See Plate 1V.
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channel of 20 to 30 feet deep, from which two nullahs are cutting back on cither side
into the loess deposits along the foot of the hills, Everything marks the outlet as
geologically of very recent origin. The stream bed, after entering the hills, is
formed by deep, stagnant reaches,=separated by small waterfalls or rapids, where the
water flows over a steep slope of angular debris. The deepening of this channel
mast proceed slowly, for it can only.take place through the power of the floods to
tear angular masses of rock out of its bed, the waters having been deprived of all
solid matter, too coarse to l:e carried in suspension, long before they cross the plain.
This absence of pebbles borne along by the water has deprived the stream of much
of its abrading power and the outlines of the stream bed, and of the loose
fragments in it, are everywhere almost angular. Occasionally, however, they exhibit
indistinctly the same sort of sculpturing as is seen on rocks exposed to the action
of wind blown sand,! which is in this case caused by the fragments of sand carried .
along in suspension by the water.

After a course of a couple of miles, down what has all the appearance of the

' valley of a small tributary stream, as in fact it originally was,
Begld course of the ph.re is a broad open valley leading up to the west, and
immediately beds of river shingle appear. Following up
this side valley, it can easily be recognized as the old outlet of the river, which once
gathered all the drainage of Thal Choti4li. Itis broad and open, and the Ghézij
shales, which are the rock in sifu, are very little seen, owing to a cover of river
gravels cut into by numerous small stream beds. The surface of this gravel deposit
gradually rises to the west and ultimately forms a broad and almost imperceptible
ridge at the eastern end of the Kardhi plain. The same gravels are seen in the
ridge of low hills, which runs east and west, north of the Karhi plain, where they
are disturbed, forming in places the whole of the ridge, but, in others, only a skin
over a central core of older rocks.

We have here the old course in which the Béjiriver flowed ; its flow was checked
by a rise of its bed along the anticlinal which runs south of the Kardhi plain, and
finally closed by the rise of the ground at its eastern end. The formation of the low
hills, separating this from the main area of the Thal Chotili plain, was of later date,
and it is noteworthy that these hills lie along the continuation of a distinct anticlinal.

The evidence that the compression and folding of the strata did not take place

) at one definite period and then cease, but that it has been a
History of the plain. o 451 process, going on concomitantly with the erosion of
the river valleys, is peculiarly abundantin the Thal Chotidli district, and it would
be most interesting to work out the details with greater thoroughness than I was
able to do on my somewhat hurried visit. We have first a certain amount of dis-
turbance, the formation of a large drainage basin and extensive denudation.
Then we have earth movements by which an area of closed drainage was formed
and deposits accumulated ; at a subsequent date a further movement caused the
elevation of the low hills between Ismail Khan and the Kardhi plain, and, at a
still later date, some of the fine grained loess deposits along the margin of the
hills west of the Ghdti bridge bave been locally elevated and deeply cut into
by the resulting erosion. Meanwhile the surface of the plain had gradually risen,

.} See Records, Vol XXI, page 15g.
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extending up a small tributary valley which originally flowed northwards past where
the Gh4ti bridge now stands, till its level reached that of the divide. Some of the
flood waters then flowed over this and, washing away the weathered and easily
removable rock at the surface, established a defined channel, along which much
of the drainage now escapes. Such are the main points in the history of the Thal
Chotiili plain.

The ‘economic results of the last"season’s work have been

as disappointing as its purely geological results have been
interesting.
Traces of petroleum are widespread, and were found in the limestones of the
Dunghan group at several spots throughout the area surveyed.
It is most concentrated along the Khattan anticlinal. Old
flows can be found in the Dés valley, and, in a corresponding valley, which drains
the south side of the anticlinal. The shows are most abundant about the horizon of
the red sandstone mentioned in the description of the Dunghan group. It is worthy
of note that where this group is most profusely fossiliferous, most conspicuous
signs of petroleum are found, and it is impossible not to hazard a guess that the
coincidence is not accicental. As this petroleum has already been noticed in a pre-
vious paper! and been made the subject of a special report, I shall not enter further
into the matter. :

Coal was found near Duki in several places, but the thickest seam seen only

Coal. measured 14 inches, so it is not likely everto be of import.
ance. The distance from any centre of demand would very
much detract from its value even if good seams existed.

Gypsum was observed in great abundance and thick beds, one measuring so feet,
near Mémand and in the Khattan valley; it will be long
before it is worked for profit, though it is of excellent
quality, and, if it could be easily got out, could be used for ornamental purposes.

Economic geology.

Petroleum.

Gypsum,

&
—-

Petrological Notes on the Boulder-bed of ?ke Salt Range, Panj4b, 5y C. S.
MipbDLEMISS, B.A., Geological Survey of India.

INTRODUCTION.

The rock-formation known as the Boulder-bed of the Salt Range is one that has
attracted much attention of late, as previous papers in the Records by Warth, Old-
ham, Blanford, Waagen, Medlicott, and myself during the last few years can testify,
It is unnecessary here to do more than shortly re-state what has now been definitely
established as regards its age and mode of formation. Instead of there being several
crystalline boulder-beds at different horizons in the range, it has been abundantly
proved that there is but one bed forming a bottom layer to the Speckled Sandstone
stage and its easlern representative, and resting unconformably on the older palzo-

3 Rec., Ceol. Surv. Ind., XXIII, page 104 (1890).
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zoic rocks beneath, From the great frequency of polished, striated and facetted
boulders set ina clay or shaley matrix, and from the identity of these characters
with such as are well known in pebbles of the boulder clay of f4e glacial epoch, it
has now been generally accepted that the Salt Range Boulder-bed is a witness that
glacial conditions prevailed over this part of the earth in pal®ozoic times. Further-
more, it is conjectured with reasonable probability that the (in many ways similar)
bed in Peninsular India known as the Talchir is of the same age.

These facts and opinions being admitted, it occurred to me that a microscopi-
cal examination of the crystalline boulders, and a comparison of them with slices of
rocks from the Mal4ni neighbourhood—the conjectured source of the boulders—
might bring out some positive points of identity between the former and their sup-
posed parent rock, whence they had been carried by the agency of ice. Although
no specific identities have been established, I give the following account of the
examination of a small set of typical samples of pebbles from the boulder-bed, in the
hope that, ultimately, their actual source may be tracked down!.

No. (1), z&y, 650. (V.B.—The first number in brackets is my own running
number, the second is the registered number of the rock specimen, and the third
the number of the microscope slide). Inthe hand specimen this boulder appears
to be a coarse gneiss or gneissose-granite, roughly banded, and containing pinkish
felspar, clear quartz, and muscovite. 1In a fairly large slice prepared for the micro-
scope the gneissose structure is not noticeable. To whatever cause the banding of
the rock be due, it may be remarked that it is of a different type from that usually
found in the gneissose-granite of the Lower Himalaya. There is neither augen,
lenticular-tabular, nor tabular structure, as in the latter,

The minerals present, in order of importance, are quartz, plagioclase, muscovite,
biotite, magnetite, and apatite. In another section of the same rock Mr, Holland has
recognised much pinite,

The quartz is present (1) in large grains composed of aggregates of distinct
optical units. Magnetite and apatite are included in the quartz grains in small
quantity, The usual minute inclusions forming dusty-looking lines traverse each
grain, and there is also seen a fine parallel striation indicating zones of growth.
With crossed nicols these dusty-looking lines of inclusions and the parallel striation
are seen to pass without deflection through several of the optical units into which
the grain then splits up. The individual units of this polysynthetic group are
generally irregular in shape, but at the same time showing an approximationto a
hexagonal outline. The distinctness of the units from an optical point of view and
their material continuity, are shown in a rather thick section by the rainbow halo
round each where it overlaps or is overlapped by its neighbour. (z) Quartz is also
present along certain lines in the slice forming a finely granular mosaic with plagio-
clase and muscovite, These lines probably coincide with the macroscopical band-
ing of the rock, and are due to crushing of the mass.

The polarization colours and extinctions of the optical units of the quartz aggre-
gates are generally uniform in each unit; but locally a unit shows a watered colour

1 My thanks are due to Messrs. P. Lake and T. H. Holland, of the Geological Survey, for
supervising the cutting of the slices and for efforts to match them with rocks from Peninsular
India.
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(brilliant purple and azure blue, or pale lemon and deep ochre) with a slightly
undulose extinction.

The felspar (1), like the quartz, occurs in large irregular grains, with a defined
but irregular border next the large quartz grains, but with a ragged and inter-
mingling border next the finely granular mosaic of quartz, felspar and mica, It is
somewhat opaque, and generally includes many fine needles of apatite. It some-
times presents a sharp and fine twinning on the albite plan, and at other times broad
and often irregular lamell which merge into each other insensibly. The ends of
the twin lamellz at the border of a felspar grain are often bent, sometimes spread
out like the fingers of a hand, and sometimes completely ruptured. One felspar is
ruptured along two lines .crossing at right angles the twinned lamellz, so that on
each side of the lines of rupture they do not join properly. In this section of felspar
also undulose extinction is prevalent. {2) The felspar is also present as a consti-
tuent of the granular mosaic.

The muscovite (1) is present in irregular packets of the usual kind in granites,
but with slightly bent folia ; (2) in the granular mosaic; and (3) as a cryptocrystal-
line aggregate in patches among the mosaic.

The biotite is only found in a small nest with cryptocrystalline structure.

The magnetite in minute proportions is dotted through the slice.

The apatite in minute characteristic highly refracting prisms and hexagonal sec-
tions is chiefly confined to the felspar.

This specimen resembles in a general sort of way No. {3, 769 from Daolatgar
Ajmir, but not sufficiently to make it probable that the boulder came from that
locality.

No. (2) 33 651. In the hand this rock also is seen to be a coarse gneiss or
gneissose-granite, but not so coarse as the last specimen. It possesses deep flesh-
coloured felspar, much biotite, and the quartz is of a dark bluish grey tint. The
banded appearance is fairly well seen.

In thin slice under the microscope the individual minerals are better seen and
are as follows :—Quartz, felspar, biotite, magnetite, and sphene (?)

The quartz in this slide is in two or three irregular grains, but not so distinctly
separated the one from the other as in the last section. As before, however, it is
made up of a large number of optically distinct individuals, whose shapes, though
sometimes inclined to be hexagonal, are more generally elongated in one direction
into lens-shaped bodies, separated round their margins from each other by a very
fine-grained mosaic of apparently powdered quartz. It is evident that differential
movements of the particles of the original grains or layers of quartz have taken
place along waving lines so that it has been sheared after the manner of the felspars
and quartz in the microgranulitic rocks of Khairna described by me (Rec., G. S. of I,
XXIII, pt. 1). In addition, every one of the optical units, when they are in the least
lens-shaped or irregularly drawn out, show blurred colours with crossed nicols, and
completely undulose extinctions. The general appearance then is not unlike that
of ‘marbled ’ paper. So far these lenticular and irregular optical units, with the vecy
fine mosaic between them, are only well seen with crossed nicols, and the lines of
minute inclusions pass uninterruptedly from one to the other. But there are still other
parallel fissures and cracks filled in with secondary quartz or with powdered residuum
from the original walls, and these can be seen quite plainly without the aid of polar-
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ized light. Magnetite is enclosed in the quartz in small crystals and dusty grains,
and so also are a few crystals of sphene (?). The extremely minute inclusions in the
quartz throng the substance in swarms. They, together with the magnetic dust,
may presumably be the cause of the blue colour of the quartz, so noticeable in the
hand specimen.

The felspar is in very irregular grains and throughout the slide is generally
altered into a finely granular aggregate, among which patches of small size in the body
of the felspar, and of larger size at the margins, remain unaltered. The unaltered
parts show a very fine lamellar structure as if the result of twinning. Sometimes it
displays the ‘plaided’ appearance of microcline. Lines of differential movement,
which have been remarked in connection with the quartz, are also observable in the
bending and waving of the felspar lamellzz. Undulose extinction is also prevalent.

The biotite is in irregular layers, and markedly illustrates the mechanical deform-
ation of the rock.

Magnetite is sparsely disseminated through the slice in small grains and crystals.

No. (3), s%5» 652. Macroscopically it is a coarsely granitic or gneissosé¢ rock,
mottled red and black. Only a faintly linear arrangement of the minerals is visible.

Under the microscope the slide appears as a finely granular intergrowth of
quartz and felspar grains, sometimes becoming regularly micropegmatitic, among
which larger idiomorphic crystals of felspar, sometimes with well-preserved outlines,
are thickly strewn. .

The felspar is by far the most largely represented in this slice, and it has some
very complicated characteristics. (1) It occurs in rather large crystals, the crystal-
lographic outlines of many of which are fairly distinct. The central portions of these
are muach darker than the outer zones. Other less distinct indications of growth
zones can also be seen. Several of these felspars appear to be untwinned. They
extinguish light at once and completely, without any banded polysynthetic twinning
coming into view. Others show a very faint striation, which becomes just visible
when the point of maximum extinction of the section as a whole has been reached in
revolving the stage of the microscope. Others again show a very fine sharp lamellar
twinning, and others the ordinary aspect of microcline. (2) Felspar also occurs in
small micro-crystals irregularly scattered as inclusions in the former. (3) It also
occurs in a sort of micro-granulitic ground-mass between the larger constituents of
the rock. (4) It is associated with quartz in an ill-defined micropegmatite.

The quartz is present (1) in large grains often marginally passing into (2) micro-
pegmatite ; also (3) in smaller grains as inclusions in the larger minerals; and' (4)
in the micro-granulitic ground-mass. )

A badly preserved green mineral in small quantities in nests is present.

Magnetite and apatite are also represented.

The whole rock is very much confused, but it does not suggest any form of
mechanical deformation. 1 should be much puzzled to specifically classify it.

No. (4), 35 653. In the hand this appears as a fine-grained granitic rock of
reddish brown colour.

Under the microscope the slide reveals a medium-grained granitic rock, com-
posed of larger grains of quartz dotted about irregularly in a slightly finer ground-
mass which is composed of smaller grains of quartz and microcline, with a little
plagioclase and a green mineral, hornblende (?)
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The microcline is in places intergrown with the quartz but in an irregular way,

the structure merging into an ophitic structure, wherein plates of microcline include
small quartz grains.

' Smiall portions of a green mineral, probably hornblende, are seen, much dis-

figured by alteration and deposition of oxide of iron, which has spread about in

between the other constituents of the rock in the neighbourhood.

In many parts of the slide original magnetite is disseminated in small well-
formed crystals.

The whole rock has a very pellucid and defined appearance, and, with the ex-
ception of the green mineral, has suffered but little alteration, nor are there any
evidences of dynamic metamorphism.

No. (5), %1 654. The hand specimen is a dark purplish-grey, compact rock,
with large, somewhat eye-shaped porphyritic crystals of flesh-coloured felspar. It
contains inclusions of a dark compact probably hornblendic rock. -

Microscopically it appears as a typical micro-granulitic rock, containing porphy-
ritically deveioped (1) large rounded grains of quaitz of uniform crystalline struc-
ture ; (2) felspars altered in many places, but possessing finely-twinned lamella such
as characterize plagioclase and also broader twins of another kind superposed. One,
section of felspar exhibits a simple binary twin.

There are a few patches of ill-defined greenish mineral, which has apparentl)

suffered much alteration.

The micro-granulitic ground-mass is in many parts minutely micropegmatitic.
The quartz of the ground-mass can be picked out in ordinary light irom the felspar,
which is slightly yellowish grey in colour. In this light the micropegmatite can be
seen very distinctly, and it appears to constitute a considerable portion of the ground-
mass. It seems at first sight that the intergrowth of the quartz and felspar has taken
place at innumerable centres in the ground-mass, separately, and not uniformly,
over large spaces.

Magnetite is present in small quantity in minute crystals and crystalline aggregates.

No (6), 335, 655. ‘T'his rock is of common occurrence and may be said to
characterize the Boulder-bed. It appears in the hand as a fine-grained, flesh-red
granoph:re, with blebs of blue quartz and hornblende in small quantities.

Under the microscope it appears as a beautiful micropegmatite, with quartz and
felspar porphyritically developed.

The micropegmatitic structure is very distinct and ext:emely beautiful. By
ordinary light the pe:lucid quartz is visible in uniform, or triangu'ar individuals
with truncated apices, and ranged in lines or in more or less vermicular and parallel
streaks converging towards centres, lines or'round porphyritic quartz and felspar
crystals. There is thus a faint tendency to what is known as centric structure. The
clear quartz individuals, thus arranged, appear inlaid ina pale yellowish-grey matrix,
the later being altered felspar, which still retains considerable power of lightening
and darkening uniformly between crossed nicols. The whole of this micropeg-
matitic ground-mass, when the nicols are crossed, splits up into differently oriented
optical groups of units, without any particular shape that I could discover, except
that the groups are bounded by more or less straight lines. Each optically uniform
quartz group is approximately coincident with each intergrown opucal!) uniform
felspar zroup, though they do not extinguish light snmuhaneous ¥.
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The generally accepted theory of eutectic compounds crystallizing often in a
pegmatoid manner, that is to say, by mutual simultaneous intergrowth, is one which
has a great deal of evidence in its favour. There is one point, however, that I would
notice in connection with the question, namely, the apparent difficulty of always dis-
tinguishing the so-called quartz of corrosion structure from a product of mutual in-
tergrowth of quartz and felspar. There seems to me to be a more than superficial
relation between the two. I have referred to this point before (Rec., G. S. of 1.,
XXI, pt. 1), and it has again been brought to my mind by the recent paper by M. Al.
Lacroix on the scapolite-bearing rocks of Ceylon and Salem translated by Mr. Mallet
(Rec.,, G. S. of I, Vol. XXIV, pt. 3). It seems to me that quartz of corrosion in
felspar, and quartz intergrown with felspar, may sometimes resemble one another
so nearly that it is difficult to believe that they had an entirely different origin in
each case, namely, by subsequent corrosion of the felspar with deposition of
secondary quartz in the one case, and by mutual inter-growth and crystallization of
the two minerals in the other case.

Among the micropegmatitic ground-mass there are grains of quartz of compound
crystalline structure but much cut up by fissures. These fissures are sometimes
widely open and show either invasions of some green mineral or of the altered felspar
material. Crystals of felspar very much altered like that of the micropegmatite, but
with regular outlines, are seen scattered through the ground-mass : and occasional-
ly round them and round the quartz there is a partial coincident extinction of
the micropegmatite. The felsparishows no compound twinning indicative of plagio-
clase ; there is one binary twin in the slide.

There is a little green mineral in the rock which is probably altered hornblende,
and magnetite is very scarce.

No. (7), %= 656. Ma.croséopically a black rock, with compact pitch-stone-like
matrix, containing small white and pink patches of quartz and felspar.

Microscopically the slide appears as a quartz-felsite or quartz-rhyolite. The
ground-mass is yellowish or brownish-grey in ordinary light with flow-structure
extremely prominent. The ground-mass is not of uniform colour or structure.
Tortions are more or less glassy, and remain dark between crossed nicols ; other
portions are finely felsitic, and others again finely spherulitic, giving an assemblage
of black crosses with crossed nicols. It seems probable that the different nature of
these patches indicates that the whole did not solidify at once, but that half-solidified
portions of a flow were broken up and then half fused over again.

Quartz is present in clear, single, idiomorphic crystals, occasionally corroded at
the edges. Felsparis scarce, but not entirely wanting. Magnetite is relatively
abundant, as small crystals, or groups of crystals, and also in streaks and shreds
following the direction of the flow-lines,

There are lacunz and small patches of viridite.

No.. (9), =§s 658. In the hand a fine-grained trappoid rock of black
colour.

Under the microscope this appears as a clastic rock, an ordinary grit of very
fine grain. There is a pale yellowish green mineral giving aggregate polarization
colours between crossed nicols, probably decomposed mica: Magnetite in grains is
also present.

No. (9a), 333, 659. This is also a fine-grained clustic rock, finer than the last.

e
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No. (10), 5§+, 660. In the hand this is a banded mica-schist containing black
mica and quartz,

The microscope slide displays a typical crystalline mica-schist, with dark mica
and a fair amount of orthoclase and plagioclase besides the quartz. The dark
mica is of olive green tint, though there is a little white mica as an accessory. The
packets of biotite arrange themselves in among the quartz grains and are sometimes
bent. In ordinary light the ground-mass of quartz is quite transparent and structure=
less, save for a few small inclusions, probably minute garnets. With crossed nicols
it breaks up into an irregular aggregation of different optical units, most of whichare
irregularly lens-shaped, with the long axes parallel to the foliation. Undulose
extinction is frequently observable in the quartz. That the rock has succumbed
to pressure at right angles to the foliation I have no doubt, but it seems to me a
probable surmise in this case that the rock was formed originally as a mica-schist
under enormous pressure.

No. (11), 3%x, 661. Macroscopically a dark grey quartzite,

Under the microscope it appears as a typical quartzite,

The most noticeable feature in this slide is the abundance of large inclusions in
the quartz grains.

No. (12), 385, 662. A dark purple quartzite (?).

Microscopically it contains much felspathic material and might represent a
metamorphosed arkose.

No. (13), +535, 663. Macroscopically it is a purplish grey, fine-grained volcanic
ash (?). .

Under the microscope it contains apparently a fine-grained felsitic ground-mass,
with an indefinite parallel-banded structure. :But it has some curious features. The
whole of the ground-mass does not split up into a mosaic, but there appears to be
underneath it all a completely isotropic base in which crystalline particles show up
here and there.

There are grains of quartz scattered about in the matrix, but they are all much
split and broken. None of them possess those corroded outlines so common
among the quartz-grains of quartz-felsites. There are some crystals of felspar with
binary twins, also much fractured.

Much opacite occurs in smudgy streaks.

The nature of the ground-mass, and more especially the slight difference of
coarseness here and thete, together with the angular and fragmentary state of the
crystalline contents therein, which at the same time are not corroded, lend colour to
the supposition that the rock is a volcanic ash composed chiefly of felsitic material,

Besides the general resemblance between Nos. §y and 1§ already alluded to,
there is nothing but a distant family likeness between other boulder specimens and
the few slides of Melani and other rocks sent me. The family likeness consists in
the prevalence among certain specimens in both sets of rocks of a more or less
pegmatoid structure. Identities of type are, however, wanting at present. We can
gather therefore nothing more than a faint suspicion that the rocks of the Boulder
bed were originally derived from the south, rather than from the north.

) —
v
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Subrecent and Recent Deposits of the valley plains of Quetta, Pishin and
the Dasht-i-Bedaolat; with appendices on the Chamans of Quetta ; and
the Artesian water supply ¢f Quetta and Pishin: by R. D. OLDHAM,
A.RSM,, F.GS., Superintendent, Geological Survey of I[ndia
(with one Plate).

Occupying a position intermediate between the highly disturbed tertiary and
pre-tertiary rocks of the surrounding hills and the undisturbed recent deposits of
the valley plains of Quetta, Pishin and the Dasht-i-Bedaolat, come the beds which
were described as géj by Mr. Griesbach,! and subsequently classed as siwalik by
Dr. Blanford.?

Siwalik they may be as regards their age, using the term siwalik for all upper
tertiary beds ranging in age from miocene up to the latest pliocene, but they must
not be confounded with the true, or what may be called marginal, siwaliks of the
outer hills. Thr contrast is especially striking owing to the close proximity of the
two types; in tl.2 area intervening between the Bol4n and Harnai routes to Quetta
the hills are fc med of siwalik beds, which extend continuously to within a few miles
of the Quetta plain, and, throughout this area, they maintain a very constant struc-
ture. At the dase there is often a small thickness of clean grey or greenish sand-
stones, with a few strings of pebbles or th'n Lands of conglomerate, but, with this
exception, they show everywhere that increase in average coarseness of texture from
base to summit, which is one of the most constant features of the true siwaliks.
Near the base of the section the series is essentially an argillaceous one, the prevail-
ing rock being a red or brown earthy clay; above this the beds gradually get more
sandy, till sandstone is the prevailing rock ard in this pebbles appear and gradually
increase in abundance and size, till the uppermost beds are almost entirely coarse
conglomerates.

The siwaliks of the valley plains differ radically in structure from these. Where
exposed on the northern terminations of the Chehiltan and Mash4lak ranges, the bot-
tom beds are composed of angular or sub-angular debris of the same cretaceous and
lower tertiary rocks as form the summits of these ranges ; they are in fact identical in
structure, appearance, and doubtless in origin, with the talus and fan deposits, which
are at the present day being formed along the margins of theseranges. These beds
are succeeded, without the intervention of any well-defined zone of medium grained
deposits, such as sandstone, by fine grained claysand sandy beds. Where they have
been disturbed and elevated, these have been cut into a network of low hills, abso-
lutely bare of vegetation, and showing most conspicuously the bright colouration of
the material they -are composed of. Elsewhere, however, these beds tail off to a
horizontal dip and cover a large area in the valley plains, extending continuously
across the valley at Baléli, and abutting against the foot of the ridge pierced by the
Murghi pass, where the relation of the high dipping cretaceous limestone to the hori-
zontal red clays is evidently one of original contact. This, taken with the nature
of the bottom beds in the Chehiltan and Mash4lak ranges, makes it clear that these

1 Mem., Geol. Surv., Ind. XVII], 18,
3 Mem., Geol. Surv., Ind. XX, 115.
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clays have been deposited since the elevation of the mountains bounding the valley
plains of Quetta and Pishin.

The siwaliks of the hills, on the other hand, are as clearly shown to be older than
the elevation of these hills, not only by their forming an integral part of them and
their highest peaks, but by the parallelism of stratification between the lowest beds
of the siwaliks, and of the beds on which they immediately rest in unconformable
contact. There is certainly a considerable lithological resemblance between the
clay of the valley siwaliks and the clay zone at the base of the siwaliks of the hills,
and it might be held that these were originally continuous and had since been sepa-
rated by the elevation of the hills. On this supposition the junction of the valley
siwaliks with the cretaceous limestone near Baléli would be a great faulted boundary,
the faulting being concealed by a small thickness of subsequent deposits atand near
the surface ; such a supposition is just barely possible were there not weighty reasons
for rejecting it. The most important of these is the impossibility of accounting for
the absence of the great thickness of sandstone and conglomerate, forming the upper
portion of the siwaliks of the hills, which must formerly have extended over the area
occupied by the valley plains, and whose complete removal is inexplicable if the:r
stratigraphical position were that of conformable superposition on the clays of the
valley siwaliks. On the other hand, their thickness, ciose up to the limits of the
valleys, shows that, in their original extension, these conglomerates. and sandstones
must have spread far beyond the present limits, determined by disturbance and
denudation, over the area now occupied by the valley Siwaliks, and, as these latter
cannot be older, the only alternative is that they are newer than the siwaliks of the
hills.

The conclusion is strengthened by a feature in the structure of the siwaliks of the
hills. Instead of forming a single conformable system, they form two unconform-
able divisions, of which the older,—tbat which is referred to in the preceding
passages,—was formed before the elevation of the hills and the great disturbance
of the underlying beds; the other or newer, which is almost entirely composed of
conglomerate, dating from a period when the older rocks had not only undergone
nearly the whole of the disturbance they have been subjected to, but had been
carved into deep valleys, and the present drainage system to a large extent al-
ready defined. The newer conglomerates rest with a marked unconformity on
the eroded edges of the highly disturbed tertiary and cretaceous beds, as well as of the
older group of the siwaliks. They can be seen in the Gandak or Sarakhila valley,
where their presence has been recorded by Dr. Blanford. They form part of the
hills, east of Khdnai, and an outlier ot the same conglomerates forms-the cap of a
very conspicuous hill which rises above the railway line between Fuller's camp and
the Bostén valley.

To the west of Khénai, the northern extension of the Bost4n valley is bounded by
a ridge whose surface is covered by a shingle of limestone and chert pebbles, evi-
dently derived from the weathering of conglomerate beds. Owing to weathering of the
beds and the absence of deep-cut stream gorges, no good exposures of rock i si7u
are seen in the conglomerate zone, but the contour of the hills, no less than the
structure of the higher parts, shows that the dip of the beds is noith-westerly, and

? Mem . Geol. Surv., Ind. XX, p. 18s.
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that these conglomerate beds graduate upwards, with a more gradual transition than
in the Mash4lak range, into the clay beds of the Pishin valley siwaliks. Now it
seems natural enough to regard these conglomerate beds as closely related to those
which unconformably cap the disturbed beds of the hills, east of Kh4nai and, as
these are youngest beds of the siwaliks of the hills and the former the oldest beds
of the siwaliks of the valleys, the relation between the two is evident.

It will be seen, from what follows, that these siwaliks of the valleys graduate up-
wards into the recent deposits of the valleys and that, in spite of local unconformi-
ties, the process of formation has been continuously going on in one part or other
of the area under description. We have, consequently, another illustration of the
two truths that are constantly being borne in on the geologist who works among
the upper tertiary beds of extra peninsular India,—(1) that there is no real distinction
or constant horizon of demarcation between the deposits of uppermost tertiary and
of recent age, and (2) that in beds deposited subatrially in a region that has been
undergoing disturbance and upheaval during the period of their accumulation, the
stratigraphical value and signification of an unconformity is very different from what
it has when found among beds of marine origin.

The siwaliks of the valleys graduate into the next type of deposit to be considered.
In the Pishin valley the gently inclined siwaliks, which form the low range of hills
lying between the head-quarters of the district and the broad Pishin plain, have alow
westerly dip, which gradually flattens off to horizontal, and pass, with perfect transi-
tion, underneath a series of fine grained, distinctly stratified, alternating beds, mostly
thin, and varying from fine clay to fine grained sand. Very good sections of these
beds are exposed in the vertical sides of the numerous nullahs which ramify through
them, and especially in the high cliffs which border the bed of the Lorah, and their
distinctly stratified nature proclaims them to have been formed by aqueous action,
while the absence of anything that could be called a coarse grained deposit, and the
rarity of even slight traces of false bedding, show that they must have been deposited
in still water. In these features the beds bear considerable resemblance to a lake
depost, and, so far as their appearance is concerned, they might well be of such an
origin, It is, however, very improbable that, with so small a catchment area, a large
lake could be formed in the dry climate which appears to have characterized Bald-
chistén throughout the recent period of geology, nor are there any beach terraces,
such as one would expect to find had the Pishin valley ever been occupied by a lake.
But, though it is improbable that a permanent accumulation of water occupied any
portion of the Pishin valley during the recent period of geology, it is more than pro-
bable that, before the outlet was deepened by erosion and so allowed the streams to
cut deep channels through the plain, large areas of it were subject to temporary
flooding after every heavy fall of rain on the surrounding hills. The water, as it
left the hills, would carry with it debris of every degree of coarseness, but as soon as
s velocity was checked, all the larger particles would be deposited, and the depres-
sion would be filled with water, bearing only fine particles of mud and sand in sus-
pension. These, after a while, would subside, and the water would dry up, by the
combined effect of evaporation and percolation, but the next flood would bring down

a fresh supply of material to be deposited in a thin layer on the top of what had
gone before. :
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The process here described can be seenat work on many of the valley plains of
the Balichistdn hills and, as the lowest-lying parts are most often flooded and con-
sequently receive the largest addition of sediment, one of its most conspicuous
effects is a diminution of the surface gradients, till they cease to be perceptible to
the eye. Now, in the Pishin pla‘n, there is a very conspicuous difference in the
surface gradients of the area occupied by these stratified deposits and that occupied
by the unstratified loess which will be described further on.

From the foot of the hills to the east of the plain,—if we except a narrow zone
in the immediate neighbourhood of the hills,—there is no perceptible gradient over
the whole area occupied by the stratified deposits, but, from their limit, the loess
rises very perceptibly to the north and west, to the foot of the talus slopes of gravel.
This loess slope marks that portion of the plain which lay too high to be flooded,
while the rest isthe lower-lying portion subjectto more or less frequent inundation, in
which the gradient of the surface would be less, owing to that more rapid deposition
in the lower levels which has been referred to above. It might, of course, be urged
that the present extent of the loess marks the encroachments made by the dry land on
toa pre-existing lake before it was finally drained, but, as far as the Pishin plain is
concerned, the sections in the tributaries from the north, which join the Pishin-Lorah
near Alizai, conclusively disprove this hypothesis. Instead of the loess being
found overlying stratified deposits, we find that there is a horizontal transition
from one to the other. The exact limit of each is not very definite and, to a
certain extent, they are found to intercalate with each other, a distance of a
quarter of a mile at places even of a couple of hundred yards, being sufficient for the
complete replacement of stratified by unstratified deposits, thus showing that,
during a period of time represented by the gradual accumulation of over 3o feet of
deposit, the horizontal limit between the area which was liable to flooding, and that
which was not, remained much the same,

In the foregoing description I have only mentioned the stratified deposits in the
Pishin plain, but it must not be supposed that they are confined to it. It has been
a matter of convenience to take Pishin as the typical area, because there good
sections have been exposed by the streams, and there, owing to the red colour im-
parted to them by the river wash from the siwaliks, they are more easily recognized.
In the closed drainage areas of the Dasht-i-Bedaolat and Gwende Dasht similar ac-
cumulations are being formed, but as they are composed principally of rain wash
from the loess, and consequently more uniform in texture, the stratification is
more obscure, while the absence of good sections, and more especially the identity of
colour, renders it more difficult to separate them from the true loess.!

As seen in the Quetta and Pishin plains the loess is usually of a pale grey or
yellow colour, fine grained in texture, firm enough toallow it to stand in perpendicular
cliff of so feet or more in height, porous and readily absorbing water and very slightly
permeable owing to the minute size of the pores. When broken down with water
the loess forms an impalpable slimy clay which, in drying, retains the shape im-

3 The term loess is here used, in the sense which it has acquired, to designate a fine
grained deposit not stratified, or only obscurely so, of Zolian origin, the sense in fact in which
it is used by the Baron Von Richthofen in his work on China, and without reference to any
consideration as to whether it is or is not the same in age or origin as the typical loess of the
Rhine valley,
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pressed on it when moist, and is used for the manufacture of bricks of fair quality,
In the composition of the loess there is always a considerable proportion of carbon-
ate of lime, so that it effervesces freely with acid, and this is distributed evenly
through the mass in the shape of minute grains, which are doubtless dust derived
from the surrounding limestone hills. The other ingredients are equally minute
granules of quartz and of argillaceous matter, the last enabling it to be used as a
brick earth while the large proportion of lime renders it very easy to overburn the
bricks. Small calcareous concretions, or kunkur nodules, occur, butthey appear to
be rarer than in the loess of China, and I have not been able to detect the numerous
vertical tubelets which are described by Von Richthofen. In all other respects, both
of texture, composition, structure, and in the contour of its surfuce, it agrees perfectly
with the descriptions of that observer.

There can be no doubt that this type of deposit is really of Aolian origin ; not
only is the occurrence of finely comminuted limestone, most unusual, if not almost
impossible, in beds formed by water but the absence of stratification points to the
same conclusion. Moreover, if deposited by water, it must either have been formed
at the bottom of a deep lake or in an alluvial plain. The shape of the surface
would not be inconsistent with the former mode of origin, but there are no traces of
those shore line terraces which could not but have been found had such a lake
existed. Were the loess, on the other hand, a subaérial alluvial deposit, we would
find a plain sloping gently in the direction of the stream, but nearly horizontal in a
direction transverse to that, or even higher in the centre than at the sides; such,
however, is not the shape of tne section across the Quetta or Dasht-i-Bedaolat plain,
where the lowest point is always in the centre, and the ground slopes upwards on
either side towards the hills. The most conclusive evidence, however, is to be
found in the widespread distribution, in height, of similar deposit, and its occur-
rence, in small patches, on the tops of hills and other places where an alluvial
origin is quite out of the question. )

In none of these beds have I found any fossils; the siwaliks and stratified beds
of Pishin have not been very closely searched, but I have spent some time trying to
find remains of shells in the loess. So far, all that has been found are some
fresh-water shells, of the same species as are now living, in mud dug from some of the
swamps inthe valley. I was also shown a specimen of black clayey matter containing
fragments of shells in a whitened and extremely friable condition said .to have
come from a depth of 6o feet in the artesian! boring put down in the Resi-
dency compound. The shells had been too much broken up by the boring tool
to be determined with certainty, but there is no reason for doubting that they
were fresh-water shells of existing species. The matrix was undubitably a swamp
deposit, and apparently quite local in its extent, for it does not appear to have been
met with in any of the other borings put down close by.

Of true fine grained alluvial deposits. formed by overflow of streams, as op-
posed to those formed in temporary stagnant accumulation of flood waters, there is
little to be seen in the area under consideration. The streams all flow in narrow
channels, cut below the general surface of the plain, and in the bottom of these

1 The specimen was not seen by me till after the boring had been completed ; no proper
record of this well was kept, and the determination of the depth from which the specimen
came depends merely on the memory of the driller in charge.
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there are occasional stretches of alluvial land, but beyond this nothing. Coarse-
grained gravel deposits are however abundant and conspicuous in the broad talus
fans, which spread out from the mouth of every valley, as it leaves the hills.
They are the often-described “ fans” or *“ Cones de déjection,” formed of water-borne
debris of various degrees of coarseness, the actual slope of the surface depending
on a variety of circumstances, the principal of which are the volume of water which
pours down in flood time and the average size of the debris carried; it varies from
about 300 feet to 600 feet per mile, slopes higher than this being found, but, I believe,
in every case these are due to disturbance subsequent to formation. In the actual
channels usually followed by the streams the gravei is tolerably clean and easily
permeable, but over the greater area of the fan, where its surface is not now washed
by the streafns, the stones are mixed with a varying proportion of wind-borne dust,
which may even completely obscure the underlying gravel and form a surface of pure
loess. Sometimes, as on the north-east of the Quetta plain, the smooth glacis slope
of the fan is separated from the hills by a region where the slope is steeper and
where the gravels have been cut into ap undulating surface intersected by valleys.
The distinction of surface is very marked, and is difficult to account for unless
we suppose that part of the fan has undergone disturbance, by which its surface has
been thrown into a steeper slope than that at which the gravel is naturally deposited,
and, in consequence, the water flowing off has been able to cut it into hill and
vale.

Besides the gravels of the glacis slope or *Dhiman,” the streams push long
tongues of gravel over the loess area and, as the streams from time to time have
altered their courses over the fans, the direction of these tongues has varied accord-
ingly and they have been successively covered up by the gradual accumulation of
loess. One of these underground tongues of gravel formed by the Hanna stream
can be traced near Sherdil, two miles from the edge of the gravel fan, where an
area of some acres of ground is riddled with karéz shafts, some of which, lying
along a well-defined line, have struck gravel, while others have found nothing but
loess.

These stream deposits have been only cursorily described as they present no
important features of interest or novelty so far as their structure or mode of occur-
rence is concerned. Economically, however, they are most important, for it is to the
tongues of gravel that we must look for a supply of artesian water, while in the fans
themselves 'is a source of water-supply which, when tapped by the karez, is a
most important element in the agricultural economy of these valleys and of all the
drier parts of Central Asia. .

A digression regarding the theory of the kares.—As the theory of the karez is a
matter on which much misconception is prevalent, it will be well to treat of it briefly.
The ordinary explanation is that an “ underground spring” having been discovered,
a series of shafts connected by tunuels is made, by which the water is brought out to
the surface. This idea of an underground spring is extremely prevalent and
owes its origin to the description of the natives who have frequently told me that
the water entered their karezes from springs. I have scrambled through the un-
derground passages of some of these karezes to investigate the matter and have
found, as might be expected, that the description is a natural but misleading one. 1In
a few cases the karez does appear to derive its supply from what may without great
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impropriety be called an underground spring. Such are the karezes between Kuchl4k
and Baléli which are driven through impervious siwalik clays up to the foot of a
limestone ridge ; it is not from the siwalik clays that they could derive any supply
of water, so it is probable that there are here springs issuing from the solid rock.
A still more striking instance is a short karez at Kardni driven, not into either of the
fans which lie to the north and south of the village but towards the hill where there
is no stream valley of any size, yet this is not only the shortest but one of the most
abundant karezes I have seen : here, too, it seems probable that the water is supplied
by a spring issuing from the solid rock. Such cases are, however, very exceptional,
and, as a rule, the explanation, both of the real facts and of the origin of the miscon-
ception regarding the action of the karezes, is very different.

As the karezes are never lined in any way, it is impossible to drive them through
incoherent material charged with water ; it would moreover be unnecessary to do so
as, if an incoherent bed of sand or gravel charged with water were once struck, the
supply would amply satisfy the desires of the karez-diggers. The karezes,
then, after they enter ground charged with water, can only be driven through stuff
which is rendered coherent by a greater or less admixture of cementing material.
But this cementing material not only renders the ground firm enough to form the
sides and roof of the tunnel, but lessens the permeability of the ground and, what
we are more concerned with, makes it irregularly permeable. When the karez is
driven through such a deposit, the water will first of all drain away at those spots,
where it is most permeable, very probably washing out the fine-grained matrix and
forming a small channel penetrating to a greater or less distance from the sides of
the tunnel. Into this channel water will percolate and, instead of oozing from the
sides, enter the karez principally at certain defined spots, giving rise to what are
called springs. The origin of the commonly held idea is thus natural and easily
explained, but to call these “underground springs” is a misnomer and as mis-
leading as it would be to apply the same name to an ordinary surface well,

Fig. 1.—Diagram to illustrate the thecry of the karez.

Having stated what is not, it is now necessary to describe what is, the correct
explanation of a karez. In fig. 1 a diagrammatic section of one of the gravel slopes
is represented ; the dotted line p.p. represents the limit of permanent saturation,
that is the limit below which the gravels are always charged with water even in the
driest season. Such a limit exists everywhere, but the form of its contour depends
on a variety of conditions, such as the rainfall, discharge of streams at the head of the
fan, permeability of the gravels, etc., which need not here be considered in detail.
Now, if the karez k.4. is driven into this slope, that portion of it which lies below the
line p.p. will drain the sub-soil of its water and discharge this at the outlet.
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It will be seen from this that in its nature and mode of action the karez is only
a sub-soil drain; in both cases the object is to bring wajer which lies underground
to the surface, the only difference being that in the one case it is desired to obtain
the use, and in the other to get rid, of the water.

From the nature of the case these karezes are affected by the rainfall in a
marked manner,—a single dry season, and still more a succession of years of defi-.
cient rainfall, causes a diminution in the discharge of the karez. Last year (1890)
the falling off of water-supply was very widespread and, so far as the diminished
discharge was only due to the dryness of the season, was not altogether an unmixed
evil, for it led to an energetic cleaning out and in some cases lengthening of the
karez which will improve its ultimate capacity, In a new karez, however, the
failure may be due to another cause, which is more serious, as it permanently affects
the supply of water, and may make this fall so low as to lead to the abandonment
of the karez.

When the karez %.£. in fig. 1 is first made, water will flow freely into it from the
surrounding gravels in all that portion which lies within the original limit of perma-
nent saturation. But, after it is completed, a new outlet is provided for the ‘sub-soil
water, the limit of permanent saturation will adapt itself to the new conditions, and
ultimately settle down with a profile which may be represented by the line p. '. p.
The subsequent history of the karez will now depend on the relative importance of the
causes which led to the sub-soil water originally maintaining its level along p. 2. p.
If the gravels were tolerably permeable and a considerable supply of water was
constantly percolating through them, the karez will settle down to a fair or abundant
discharge. If, onthe other hand, the amount of water percolating was very small and
the level of permanent saturation kept up by the impermeability of the gravels, the
ultimate conditions of the karez will be one of very small discharge.

I do not know to what extent this cause of failing supply of water has acted, or
is acting, but there can be no doubt that, except in the case of old-established
karezes, it must to a greater or less extent be at work. I made many attempts to
collect information which would bear on this point, but was baffled by ignorance,
reluctance to impart the information, or an inability, real or pretended, to understand
the points regarding which information was desired. I was unable even to arrive at
a trustworthy conclusion as to whether the reputed diminution of supply was as
common, or as extensive, as was complained of, and this, when we consider how
many reasons the proprietors have for complaining of a failure of water-supply and
the absence of any inducement to acknowledge an increased discharge, is not to be
wondered at.

As might be expected in a country where water is so valuable and apparently
so mysteriously capricious in its occurrence, a class of men has arisen which pretends
to a special knowledge of the underground distribution of water and to them the
planning of new karezes appears to be principally entrusted. I have not met any
of these men, but so far as I can gather they seem in some cases to possess a
certain amount of knowledge, partly inherited, partly the result of observation, of the
subject they profess. This is doubtless mixed up with a good deal of superstition,
but as their directions are received with the same implicit belief as their rulers grant
to the dictum of any self-styled “expert,” the shaft, sunk on the spot indicated, is
carried down till it reaches water, whereby the reality of his knowledge is proved.
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Meanwhile he takes care to conceal the knowledge—if he possesses it—that there
was no special virtue in the spot selected, and that there are many other places
where a shaft would be equally certain to strike water, if given the same chance.
Should water not be found, his employer is probably informed—for there is a close
resemblance between the various species of the genus expert—that he did not go
_deep enough. or that though water was not found just there “the indications are
very favourable,” he is recommended to try some other place near by, and, if his
patience or capital be exhausted before water is obtained, the expert, following the
example of his kind, takes himself off to another country where his ignorance has
not been exposed, there to find that ready credence which mankind is prone to
yield to a plausible assertion of knowledge and, with better luck, repair his damaged
reputation. ‘

The amount of labour spent on some of these karezes, and the depth of their
numerous shafts, is astounding ; they are frequently miles in length and the shafts
near their heads are said to be in some cases 150 feet deep. This is doubtless an
extreme case, but, when examining the Quetta plain, I found that in many cases the
shafts at the head of those which drain from the hills, east of the valley, could not be
plumbed with the 7o-feet line I carried with me. These must have taken many
vears and cost large sums to excavate, but it is probable that the whole was not
made at once, and that they were gradually lengthened at their upper ends, where
they are deepest out of the profits derived from the water which the original shorter

channel yielded.

The Chamans or Artesian Springs of Quetta.

Among the most remarkable features of the Quetta plain are the numerous
chamans or chinnas. The first of these words meaning a grassy spot, the second a
spring, their nature is at once indicated. Riding across the naked plain, bare of
vegetation where it is lying fallow or after the crops have been reaped, one
suddenly comes on a green spot and water. Sometimes these are mere marshy
spots, from which a small driblet of water may trickle away, but more commonly
there is a pool, and not'infrequently a strong spring of clear water issues from the
soil.

There is a very conspicuous instance of this to be seen on the western bank of
the Lorah just where it is crossed by the military road from Quetta to the Gh4ziband
pass. Here a strong spring of clear water with a discharge of several thousand
gallons per hour issues from the scarped face of loess, as if from a rock. So too,
about two miles from Quetta on the road to Saridb, in one of these springs a short
way west of the road, the water can be seen issuing with some force from the
bottom of the pool. To the west of Quetta there is a series of these springs,
draining one into the other and finally forming a considerable body of water, which
has cut for itself a valley of some 20 feet depth in the loess. The great bulk of this
water issues from the lowest of the springs, a pool of 20 feet diameter with a level
bottom about 2 feet from the surface : this bottom is not, however, solid, but a very
mobile quicksand kept in constant motion and surging to and fro by the action of a
stream of water which is constantly forcing its way upwards from below. In 1888
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aplummet was sunk into this, by Mr. P. Duncan, Executive Engineer, North-Western
Railway, to a depth of over 100 feet before it was stopped, most probably by the
friction of the sand on the sounding-line. From this it was evident that the water
came from a considerable depth through a well-defined channel, and the nature
of the spring stood confessed as a natural artesian well.

These springs vary considerably in size ; from some there is a copious discharge _
of water, others again barely moisten a small patch of a few feet across, while yet
another category is formed by those which, though they now have but a small
discharge, show, by the sand heaped up over their orifices, that the water once issued
with sufficient force to carry it up fiom below, the flow having since been
checked by the falling in of the sides of the channel through which it flowed, by the
heaping up of sand on the surface, or by both causes combined.

The most extensive of those belonging to the last category that I am acquainted
with lies west of Quetta and covers al.out a couple of acres of marshy ground. Yet
this is not a marsh of the type which is usually seen in the low-lying parts of
valleys, where the level of permanent saturation rises to the surface, but it is dis-
tinctly raised above the level of the surrounding country, and on all sides water
drains away in small driblets into the lower level of the loess plain. Between this
and Quetta there is a very perfect little chaman, a low conical mound of about
20 yards in diameter, and rising some 4 or 5 feet above the level of the plain, at its
apex, is a small pool of clear water and the whole recalls, on a very small scale,
the description of the Hawaian volcanoes. Nor is the resemblance merely one of
foim, for there can be no doubt that just as these volcanoes have been built up of
material poured out from the crater, so this has been built up of material brought
from below by the water, which for some reason no longer issues with the force it
used to. (

Whatever may be the underground structure of the Quetta plain, the existence
of water under pressure has been amply proved by the numerous successful artesian
wells that have been sunk, but it still remains to be seen how the defined channels
through the overlying deposits could have been formed before the *chamans”
have been accounted for. In the case of those from which there is a copious
discharge of water, it is conceivable that the channel might be kept open during the
gradual accumulation of the loess, as any dust settling over the spring could be
washed away as fast as it was deposited. Inthose far more numerous cases where
there is little or no discharge such an explanation is not admissible, as there is no
flow sufficient to keep the channel open against the continuous raising of the surface
of the plain, and, in course of time, all these are certainly doomed to extinction; it
might be urged that this is so, that these chamans which have so small a discharge
were once copious springs, whose flow has been gradually reduced as the level of
the surface was raised by the deposit of loess,and that the chamans, once much more
abundant than they now are, have steadily diminished in number, as one after the
other became obliterated by the same cause. The first objection to this is that,
taking into consideration the great proportion of these springs whose condition is
such that they would be obliterated by a very small increment to the thick-
ness of the loess, small, that is to say, in proportion to the total thicknessthat has
been deposited, and supposing that their destruction went on at the same rate
throughout, the original number of the springs would have to be inconceivably great.
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The most serious objection, however, is that the hypothesis is not a real explanation
of the difficulty; as long as the water-bearing stratum formed the surface of the
ground artesian conditions could not arise, and it is only after it had become
covered up by a considerable thickness of fresh deposits that water could accumu-
late under pressure. Let us assume that only half the present cover was sufficient
to produce artesian conditions, it is almost as difficult to understand how well
defined vertical channels could have been made through so feet, of so necessarily
homogeneous a deposit as the loess, as through 100 feet, and so we are landed once
more in the same perplexity as before. Were it possible to suppose that these
chamans marked the sites of old rock springs, whose flow had preserved an open
channel through the gradually accumulating deposit in the valley, a natural explana-
tion would be available, but the numerous borings put down at Quetta leave no
doubt that such is not the case, that water under pressure exists below an extensive
area, but that only locally and along defined channels does it obtain access to the
surface. :

The problem then is this, we have a permeable bed or beds containing water
under sufficient pressure to make it flow at the surface as soon as it is afforded an
outlet; we have overlying this a thickness of 100 feet or more of deposit homoge-
neous and practically impervious, except for certain defined channels reaching
down to the water-bearing bed which can only have been formed after a considerable
portion, if not to all intents and purposes the whole, of the deposit they penetrate had
been accumulated. To account for these channels by natural causes seems impos-
sible and the only resource lies in the hypothesis that they are the work of man,
that the chamans in fact are in their origin artificial not natural artesian wells.

The idea, startling as it is, is not so absurd as it seems at first sight, the experience
of the last two years has shown that the simplest and rudest appliances would suffice
to put down ‘a bore-hole through the fine-grained loess, and there are not wanling
indications that the Quetta valley was once occupied by a race more civilised and
energetic than the present indolent and apathetic inhabitants.

Scattered over the Quetta and adjoining plains there are a number of artificial
mounds, varying in size, of which the largest and most conspicuous is the Miri, or
citadel of Quetta. Owing to the earth from these being valued as a manure,
some of them have been deeply dug into and they can be seen to be entirely of
artificial origin and gradual growth; they are composed of innumerable Jayers of
ashes and rubbish, mixed with earth, and have grown in size partly by the addition
of material with deliberate intention of raising their height, but principally by the
unintentional, steady raising of the level which goes on in every thickly popu-
lated locality through the constant bringing in of fresh materials for repairs to exist-
ing and the erection of new buildings. Originally they were probably the refuge
forts for a race to whom the use of metals was unknown, but in their later stages
they were occupied by a race which was not only possessed of the art of pottery, but
made and used well-formed and well-baked bricks of a large size. Besides this,
during the excavations made in the Quetta mound, Greek coins and a statue of
Hercules were discovered, which show that the people who owned this fort 2,000
years ago had intercourse with the Western world. There is no great difficulty in
supposing that this people possessed the art of boring for water, the difficulty is to
understand how the art became lost, but an explanation may be found in the long
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period of anarchy and internecine warfare which the country is known to have gore
through.

The explanation mooted here has at least the advantage of accounting for the
facts; it accounts for the existence of well-defined channels through the otherwise
homogeneously impervious loess, and it also accounts for the differences in dis-
charge from the different chamans. I have said that to bore down through the
loess to the gravel beds is a task which can be accomplished with the simplest of
appliances, but once the gravel is struck, to carry the borehole further would require
appliances which we cannot suppose were at the disposal of these ancient inhabit-
ants of the Quetta plain. Consequently the discharge from a borehole would
depend on the nature of the first gravel bed struck. If the gravel were so mixed up
with loess as to be quite or almost impervious, there would be no discharge, the well
would soon fall in and become obliterated ; if, on the other hand, the stuff struck
immediately below the loess were freely permeable, the water would issue in large
volumes carrying with it quantities of sand, as actually happened in the case of
some of these chamans. Between each of these extremes every gradation might
occur, as the greater or less degree of permeability of the water-bearing beds where
struck, and the hydrostatic pressure of the water contained in it, admitted of "larger
or smaller discharge into and from the borehole.

Examples of both extremes of discharge can be found among the artesian bor-
ings put down during the last two years in Quetta. Two of these, put down by
hand-power without any casing and carried only as far as the water-bearing bed,
were sunk in the Residency Surgeon’s compound ; the first of these yielded a
moderate flow of water, quite sufficient to keep the borehole clear, the second
struck the gravel where it was-less pervious and failed to give any discharge. The
history of the pioneer well, that at the Railway station, is different. This was put
down by steam-power with all the appliances which modern ingenuity has perfect-
ed. When the gravels were struck there was only a moderate discharge, but the well
was carried on till, at a depth of 140 feet, a freely permeable bed was struck, from
which the water commenced to flow, bringing with it large quantities of sand, till
ultimately the well attained a discharge of 20,000 gallons per hour. Had this freely
permeable band immediately underlaid the loess, the water, when first struck, would
have issued with force, carrying up with it sand and loess washed from the sides of
its channel, and doubtless ultimately have settled down to a copious spring of water
similar to those referred to above.

Such is what appears to me the only feasible explanation of the chamans of
the Quetia plain. That there are difficulties in the way I do not deny. It is hard to
believe that the present race of inhabitants ever possessed theart of sinking artesian
wells and we must look to their predecessors, a people who must have differed
in character and may have been the same as those who built the ““ ghorbastas ” of
Saraw4n, those extensive and carefully planned masonry works which have attract-
ed the attention of more than one traveller, which also, like the artesian wells of
Quetta, were intended to increase the agricultural capabilities of the land.

The restriction of these artesian springs to the Quetta plain, with the possible
exception of one near Bostdn, and their absence ‘over the Pishin plain and Dasht-i-
Bedaolat agrees very closely with the probable limitation of the area in which
artesian water exists a a depth at whicb it would be accessible. At Bostdn easily
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accessible artesian water is known to exist, but the area over which it is likely to be
found is very small and the pressure in the solitary boring put down was barely
sufficient to make it flow at the surface. Under these circumstances it may be that
one or two failures discouraged further attempts; or it may be that the pressure and
flow of water was so small that boreholes, which once existed, have since fallen in.
It must also be remembered that the sinking of these bore-holes with the primitive
appliances available would be a work of time ; the art may have originated or been
most energetically carried on in the Quetta plain and, before the full capabilities

_ of the other valley plains were developed, an irruption of bartarians destroyed at
once the civilisation and the skill which had given birth to these undertakings.

This is, of course, a matter of conjecture impossible to substantiate, what is
certain is that the chamans of the Quetta plain are essentially artesian wells, that
the water rises by well-defined channels through a homogeneous and impervious
cover from an underlying pervious bed, in which it exists under pressure, and that
the bulk, if not the whole, of this cover must have been deposited before the passages
were opened between the water below and the air above. These passages may
have been opened by natural causes, but the most probable explanation, taking a!l
things into consideration, is that they were made, with the deliberate intention, by a
race the very memory of whom has now been forgotten.

On the mode of occurrence and probohls distribution of artcsian water in
the valley plains of Quetta, Pishin, and the Das/it-i-Bedaovlat.

In an attempt to decide whether artesian water exists under any particular spot,
the first thing is to arrive at a definite conclusion as to the structure of the ground,
and the cause of the pressure which’ makes the water rise to the surface when taj.-
ped by a borehole. The ordinary text-book explanation of an artesian well being
inadequate and altogether inapplicable to the Quetta plain, it will be necessary, in
the first place, to consider this question and then proceed to the application of the
conclusion arrived at.

In the casz of the Quetta wells the ordinary popular explanation is that the pres-
sire comes from the surrounding hills, but a very slight consideration will show
that there can be no centinuity between the highly-disturted ancient ar.d indurated
rocks of the hills, and the soft, nearly horizontal deposits of the plain which are still
in process of formation, and counsequently it is impossible in a general way that the
pressure of the subterraneous water in the latter can be due to the greater vertical
elevation of the former. There is, however, a paiticular circumstance of structure
in which the pressure of the artesian water might come from the surrounding hills.
If we suppose a subterraneous spring to issue in a patch of coarse-grained permeable
deposits, 7. 7. in plate 1, fig. 1, such as one of the minor talus fans, and this patch of
permeable deposits to be subsequently covered up and sealed by the deposit of fine-
grained impermeable beds, L. L, of the same figure, there would be a small area in
which a boring would be able to obtain artesian water, whose pressure would really
be directly due to the water which soaked into the surrounding hills at a higher
level. Such conditions are probably very exceptional, but the poesrbnlm of their
occurrence must be borne in mind.
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A more rational explanation of the pressure is that illustrated by the diagram
section, fig. 2. This figure is analogous to the ordinary text-book explanation of an
artesian well, on what may be called the basin theory, and in the case of the Quetta
plain, such conditions do indubitably exist to a large extent. The rock basins in
which the recent deposits of the Quetta and neighbouring plains have been formed
are due to * earth warping,” as it has been called, that is, to an elevation of the out-
let of the drainage at a rate greater than the stream was able to cut downwards
whence the velocity of the current was checked and deposits accumulated over a
large part of the basin so formed ; the first deposits being coarse-grained permeable
stream gravels and sands. which were afterwards covered up by fine-grained de.
posits. The exact proportion of the valley so underlaid by a floor of permeable
grained deposits would depend on the rate of elevation of the outlet, and
the original contour of the ground, none of which are now determinable with accu-
racy; broadly speaking, the floor of coarse-grained stream deposits will be conti-
nuous over the original main and tributary valleys, while the fine-grained deposits
will be to some indeterminable extent in direct contact with the underlying rock on
what were originally the spurs,

But though there is doubtless such a continuous floor of gravels, and though it is
to this only that we can look for artesian water in the central parts of the valley
plains, it by no means follows that this is the!source of the artesian water that has so
far been obtained, and a study of the records of the wells put down, as yet leads to
a different conclusion.

The first artesian well in Quetta was put down in the summer of 1889. The
next well in order of time to be sunk was that in the compound of the Political
Agent, Quetta and Pishin, which also struck water and was followed by a number of
others, particulars of which, so far as they are available, are given in the appendix.
If all these wells have been sunk to a layer of porous deposit, which lies directly on
the rocky floor of the valley and is overlaid by the finer deposits, we would hardly
expect to find great differences in the depth at which they struck water, as the upper
surface of the coarse deposits would be smoothed off to a fairly uniform slope by
the action of the streams. But if we remember the tongues of stream deposits which
are thrust forward from the main body of the fans over the surface of the fine grained
loess, we can arrive at a simple and intelligible explanation. On this hypothesis the
deep wells would penetrate the older tongues which, when the stream broke away
from its course, became covered up by fine-grained deposits, till, at a later period, the
stream again took a course approximating to its older one and formed the tongue
from which the shallower wells derive their water. The conditions here indicated
are graphically explained in the diagram section. fig. 3, which indicates a condition
as favourable for the production of artesian wells as that in fig. 2, and is more in ace
cordance with the facts at present known,

The only alternative hypothesis is the improbable, though not impossible, one
that these wells have all been sunk on to lines of talus debris, and derive their water
from a subterraneous spring, as is represented in fig. 1. Besides its inherent impro-
bability, the nature of the gravel and sand brought up from the borings, so far as I
saw it, does not favour this hypothesis, The pebbles were all more or less rounded
and, especially the fine gravels, showed such signs of the action of running water
that it is difficult to believe that they were not deposited by a running stream;

D
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a supposition strengthened by the alternation of coarse and fine-grained material exhi-
bited by the boring put down in the compound of the office of the Superintending En-
gineer, Sind-Pishin Railway. The question would soon be settled by a single boring
carried down through the shallow water belt to the solid rock, or to the fine-
grained impervious beds which should be found, if the explanation I regard as the
more probable is the true one. ' ‘ '

It would be too much to expect private enterprise to go to this expense, but see-
ing that nearly all the wells sunk, or being sunk, are Government wells, it does not
seem too much to ask that one should so be driven on, even after water has been
obtained, and if two or three others were sunk in properly selected spots in the
neighbourhood of Quetta and driven as deep as possible, unless previously stopped
by rock, a satisfactory conclusion regarding the true conditions of these wells will
be arrived at. Nor would this be of merely theoretical interest—that bug-bear of the
so-called “practical man”-—but the knowledge so obtained, by enabling us to pre-
dict-with some approach to certainty the probable result of boring for water at any
spot, would result in a more economical expenditure and a prevention of the waste
of money which will be inevitable if the principle followed is that of putting down a
boring wherever it is thought that water would be desirable, irrespective of any con-
siderations of the possibility of success. ' ' )

In the meanwhile, it is impp$§ible to determine with certainty the exact condi-
tions under which the artesian water of the Quetta plain occurs, but the evidence
available is so far in favour of the hypothesis I have suggested, illustrated by fig. 3,
that I shall adopt this as the best working hypothesis available, and in the portion
of this report. which is devoted to a determination of the areas over which artesian
water probably exists, shall base my conclusions principally upon it. o

The Gwende Dasht and Dasht.i-Bedaolat have been least fully examined of any
of these plains. They are both areas of closed drainage, both are remarkably level
and characterized by an absence of large fans on their margins, the fine-grained
deposits of the plains often extending right up to the foot of the hills. This absence
of fans is due to the absence of any large streams draining on to the plains, and
such small streams as do issue from the hills cannot extend far over the plain
owing to the flatness of the surface. The recent deposits of both these plains seem,
as far as could be judged when merely travelling along the road, to corisist entirely
of wind-blown loess, which has in many places a distinctly reddish tinge when wet.
The lowest parts of these plains are, however, regularly flooded after heavy rain,
and it is probable that there finely stratified deposits are formed, though, from the
nature of the case, no sections can be observed. ' o

The conditions here are altogether adverse to the occurrence of artesian water.
Qhe thickness of the loess is probably very great, and the coarse-grained beds
which underlie it, have been cut off by its extension from any but a very small
accession of surface-water at the margin of the plain. The very gentle surface
gradients prevent the formation of long tongues of gravel extending into the plain,
and the conditions of deposit to which the low surface gradients are due, have pro-
bably continued through the accumulation of some hundreds of feet of loess. The
only part where there is any promise of success is in the extreme north-west corner
of the Dasht-i-Bedaolat, where a larger stream than gsual enters the valley, and
there is a well-marked, though not very large, fan; a boring sunk a couple of miles
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from the edge of this might find water, but I cannot regird the prospect as pro-
mising. '

The watershed separating the Dasht-i-Bedaolat from the Quetta plain is formed
by great fan-shaped accumulation of loess and gravel. This does not appear to me
to be altogether a slope of depdsit, but largely due to a warping of the surface in
consequence of differential movements of elevation. However this may be, on
crossing the watershed we enter a valley plain, which differs most markedly from
the Dasht in the abundance of well-defined and extensive gravel fans. and in the
distinctly noticeable slope of the surface towards the centre of the plain. The
valleys of the streams within the hills are in many cases larger than those which
drain on to the Dasht, and this, combined with the surface slope, enables them to
send long tongues of gravel out into the plain. To this circumstahce appears to be
due the prevalence of artesian conditions in the centre portion of the Quetta plain,
as evidenced not only by the successful artesian wells which have been sunk, but
also by the numerous *‘.chamans,” er artesian springs, which are scattered over an
area of seven miles from north to south, and three miles from east to west, in the
central part of the valley. Over all this area, which includes the whole of the civil
station and the western half of the cantonment of Quetta, water may be bored for
with a prebability of success; failare is, of course, possible in the sense that at any
one particular spot the boring may miss theé gravel tongues, and fail to find water
at a depth which would make it worth while boring for:

To the north, alorg a sinuous line with a general east and west trend, about a
mile south of Baléli, the red siwalik clays crop out at the surface and form a plain,
rising slightly above the level of the loess, from which some low hills rise to heights
varying up to about 40 feet. North of Baléli these siwaliks range right across the
valley and abut against the hills on the east. Owing to the structure of these beds,
artesian water probably exists under all this area, but at 50 great a depth as to make
its extraction unprofitable.

About Kuchl4k a strip of loess separates the siwaliks from the limestone hills to
the east, and at its southern end is the fan at the mouth of the Murghi pass. Near
this artesian water might be obtained, but it is doubtful, as the stream and fan both
appear to be too small to produce the necessary conditions. A borehole was put
down at Kuchlék village in 1890, but without success; failure, however, was only
what should have been looked for here, as it is too far north to be supplied by the
Murghi pass stream, and there is no other stream capable of producing the neces-
sary conditions.

To the north of Kuchlék the siwaliks again extend across the valley and pro-
bably abut against the hills, though, at the surface, they are covered by talus. East
of Bostdn there is a large fan, whose southern margin runs on to the siwaliks,
doubtless overlying them, and in this direction the chance of finding water is very
problematical. On the northern slopes of the fan the conditions are different; here
it tails off into loess, in which the presence of artesian water has been proved by
the successful well sunk near the railway station. The area over which artesian
water may be expected to occur, lies northwards from the village of Kasim Kh4n
and east of the line of railway, but to the west of a line drawn from the village of
Kasim Kh4n to the railway station, success is problematical, while north of the line
of railway it appears to be impossible.

D 2
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The Pishin plain is more extensive than any of the others and has not as yet
been fully explored. All the eastern part of it is composed of finely stratified
deposits, and over this area if artesian water exists at all, it is probably only at such
a depth that it would not. pay to bore for it. Along the northern and eastern
margins of the plain, unstratified loess like that of the Quetta valley comes in, and
there are several large fans of gravel. The resemblance in these respects suggests
the possihility of a similar occurrence of artesian conditions, and I would suggest
that experimental borings should be put down at about three miles from the edge
of the Gulistin fan, in a south-easterly direction from the village, and at a similar
distance south of the edge of the gravel fan at Alizai on the north of the plain.

It will be seen from the foregoing that the area over which water may be bored
or with a prospect of success is much smaller than the expectations of those whose
hopes have been raised by the successes at Quetta would lead them to suppose. It
must of course be. borne in mind that the conclusions have been based entirely on
an hypothesis which is not the only possible, though the most probable one. But
this is of the less importance as we are concerned principally with those areas over
which water can be obtained at a moderate depth, deep borings being inadmissible
from their expense where the water is required for agricultural purposes and only
justifiable where special circumstances necessitate the procuring of a supply of
waler at whatever price it may cost. The area over which water can be obtained
by borings of moderate depth would not be increased, but rather diminished from
that described in this report, were any other hypothesis adopted than that on which
1 have based my conclusions.

SECTIONS OF BORE HOLES AT QUETTA AND BOSTAN,

1. Well at Railway station—
120 feet loess. .
20 feet gravel, underlaid by quicksand.
Discharge 20,000 gallons per hour ; hydrostatic hcad 50 teet.
2. Well in Political Agent’s compound—
115 feet loess,
81 feet shingle with a little artesian water.
2 feet loess.
Gravel, an abundant discharge of water,
3. Well in Loco, Superintendent’s compound —
924 feet loess.
3% feet gravel with artesian water.
. Well in Executive Engineer's (Railway) compound —
901 feet loess.
10 feet gravel, from which water just flowed at surface.
10 feet loess.
20 feet coarse sand and gravel, with an abundant discharge oi water.
5. Well at Gymkhana—
77 feet loess.
10 feet “ hard sandy stuff”.
8 feet *‘ indurated sandy lumps”.
35 feet * clay with nodules”.
3 feet quick sand.
12 feet hard clay.
Quicksand with water,

)
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6. Artesian well at Bost4n, as determined from specimens preserved—

10—20 feet pale yellow unctuous clay containing fine grains of silica and
effernescing freely with acids. Logss.

20—30 feet the same, but not so fine grained.
30—4o0 feet finer than 10—20 feet.
40 —60 feet very like 20—30 feet.
60—80 feet the same with some pieces of calcareous rock, (kunkur).
80—9o feet same as 10—6o feet.
100 feet irregular small pebbles of pale grey limestone.
180 feet still in gravel, discharge of water 2,500 gallons per hour,
230 feet or thereabouts, entered as siwalik clays.

GEOLOGICAL SURVEY OF 'INDIA DEPARTMENT.

TRI-MONTHLY NOTES.

No. 10.—ENDING 31ST JANUARY 1892.

Director’s Office, Calcutta, 315t Fanuary 1892,

The staff of the Survey is distributed as follows :—

Lower Burma.—Turo. W. HuGHES, A.r.5.M., Superintendent.
P. N. Bosg, B.sc., 2nd grade Deputy Superintendent.
Upper Burma.—C. L. GRIESBACH, C.LE., Superintendent.
Fritz NOETLING, PH,D., Palzontologist.
P. N. DATTa, B.sc., Assistant Superintendent.
Punjab.—T. D. LATouCHE, B.A., 2nd Grade Deputy Superintendent.
C. S, MippLEMISS, B.A., 2nd Grade Deputy Superintendent,
W. B. DaLLas EpwaRDs, A.R.C.S., Assistant Superintendent.
Sub-Assistant Hira Lal.
Sub-Assistant Kishen Sing.
Madras.—T. H. HoLLAND, A.R.CS., Assistant Superintendent.
Head Quarters, Calcutta—The Director; and R. D. OLbHAM, A.R.S.M., Super-
intendent.

Mr. Hughes and his party continue at the tin exploration in Tenasserim: Mr.
Griesbach accompanied the north-east Burma Column, and afterwards joined the
Irrawadi,Column in quest of reported ruby occurrences. Dr. Noetling is attached
to the Northern Column in the Amber and Jade country. Mr. Datta is engaged in
surveying the country south of Yenangyoung. Mr. LaTouche, with Sub-Assist.
ant Kishen Sing, has taken up the survey of the south-east Takht-i-Suleiman
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frontier of the Punjab coal and oil serigs, Mr. Middlemiss and his party continue
the survey in Hazara. Mr. Holland has visited the Chingleput, Malabar, Nellore,
and North Arcot districts in connection with his collecting and noting on the iron
ore tracts in Madras.

The Director attended the fuel conference at Quetta early in December, and
fixed on sites for proposed experimental borings for coal and oil at Sukkur on the

Indus. Mr. Oldham continues at the preparation of the new edition of the Manual
of the Geology of India.

List of Reports and Papers sent in to Office for publication or record
during November, December 1891, and Fanuary 1892.

Author. Subject. Disposal.

R. B. Foote . .

Geology of the Bellary Dis- | Will appear as Part I, Vol. xxv.
trict. Mefrr;o‘xlrs of the Geolog:cal Survey
of India.

J. W. Grecory  (British | The Jurassic Echinoidea of | Will appear as Part 1, Vol. II, Ser.
Museum). Kuch. IX, of the Palzontologia Indica.

P. N.Bose . .

1. The Igneous Rocks of Dar- | Record.
jiling and Sikkim. ‘

» . . .| 2. On the elevation and dis-| Record.
turbance ‘of the Sikkim
Himalaya.

C.L.GriessacH . .| Geology of the Safed Koh .| Will appear in the Records, Geo-

logical Survey of India, for May
next.

Report o7 the work done sn the Laboratory of the Geological Survey of
India during November, December 1891, and January 18g2; &y
Thomas H. Holland, A.R.C.S,, F.G.S., Geological Survey of India.

1. THE CONVERSION OF ANHYDRITE INTO GYPSUM. !

Since the publication of my note on the specimens of “gypsum” collected by
Mr. Wynne in the Salt Range, I have had the privilege, through the kindness of Dr.
Warth, of examining the osiginal specimen to which Mr. Wynne refers in his memoir
as containing, according to Dr, Warth’s analysis, 5 per cent. of water.?

The results I have obtained confirm in every respect the evidence obtained from
the specimehs in the collection of the Survey Museum; and, at the same time, ex-
plain clearly the suggestion made by Mr. Wynne as to the composition of the hard
nodules in the Salt Range gypsum.

If the analyses of the hard nodules had given a constant result of - 5 per cent, of

1 A continuation of ‘ Chemical and Physical Notes on Rocks from the Salt Range, Punjab,”
by the same author, Rec., Geol. Surv, of India, Vol. xxiv, p. 335.
1 Mem., Geol. Surv. of India, Vol. xiv, p. 74
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water within the reasonable variations attributable 16 inaccuracies of experimental
ethods, Mr. Wynne’s suggestion of the existence of a compound like **semi-anhy-
drite’ would be a most natural one. But, whilst I find the specimen analysed by Dr.
Warth contains, as he states, about 5 per cent. of water, that result is true only for
the portion of the specimen from which Dr. Wartk oblained his fragment jfor
analysis. Al other parts of the specimen exhibit variations in composition in the
same irregular way as those already in the collection, and which I have described
in my note.! If Dr. Warth had, therefore, taken a second fragment for analysis
instead of repeating his experiments on the 1st piece, the results would have been
widely different. The following results have been obtained in the examination of
separate fragments taken from the original specimen analysed by Dr. Warth.?

Four fragments were broken off — two from the fresh surface from which
Dr. Warth had evidently taken a piece for his analyses ; the remaining two fragments
were selected from other parts of the specimen.

The first two pieces, it will be seen, do not disagree greatly from Dr. Warth’s

analyses—

Mineral composition. Chemical composition. Percentage of
Sp. Gr. ' : : _— water
No. | gesermined.) |~ determined by
(Calculated from Sp, Gr.) ignition,

1 2762 | Anhydrite . . . 702 | Sulphate of lime . . 937
Gypsum . . « 29'8 [ Water . . . 63 537

2 2'752 | Anhydrite . . . 686 | Sulphate of lime . . 934
Gypsum . . « 314 | Water . . . 66 531

3 2'659° | Anhydrite . . . 538 | Sulphate of lime . . 953
Gypsum . . . 462 | Water . . . 97 840

4 2612 | Anhydrite 46'4 | Sulphate of lime . . €88

Gypsum . . . 536 | Water . . . 112 1002

A qualitative chemical analysis made by Mr. T. R. Blyth shows the rock to be
composed almost wholly of sulphate of lime and water. Mr. Blyth has found no
trace of magnesia, but carbonaté of lime sometimes occurs in minute quantities.
As inthe results obtained duting the examination of the other specimens, the water
found by ignition is invatiably lessthan that calculated from the specific gravity of
the fragment. ‘ , , , .

1 have examined, under the microscope, sections of Dr. Warth’s specimen and’

? Rec., Geol. Surv., Ind., Vol. xxiv (1891), pp. 235-44, and plates I and II.
* The method adopted is precisely that described in my former note (loc. cit., p. 236)—
the piece having its specific gravity first determined is crushed and the whole of the powdcr

used in analysis,
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Annual Increments to graded Officers sanctioned by the Government of
India during August, September and October 1891.

Name of Officer.

From To

With effect
from

No. and date of

sanction. Remarks.

T. H. D, LAToucur .

C. S. MIpDDLEMISS .

F. NoeTLING: .

620 660 | 1st  April
1891,

1st Novem-

580 620
ber 1891,

1st October
1891,

620 660

Revenue and
Agricultural
Department,
No. z_:;_s’ Sur-
veys, dated
21st November
1891,

Revenue and
Agricuitural
Department,
No 2497, Sur-
veys, dated
18th November
1891, :

Revenue  and
Agricultural i
Department,

No. 3’_3:’, Sur.

veys, dated
17th December
1891.

Postal and Telegraphic Addresses of Officers.

Name of officer.

Postal address.

Nearest Telegraph office.

T. W. H. HugHzs .
C. L. GRIESBACH .
R:D. OLpHAM . .
P.N.Bose. . .
T. H. D. LAToucur .
C. S. MippLEMISS .
W. B. D. EDWARDS .
P. N. DATTA .

F. NoETLING .
Hira LaL . . .

KisugN SiNngH .

o| Mergui . . .
« | Bhamo . . .
.|Calcutta . .
« | Mergui . . .
o | Dera Ismail Khan .
« | Abbottabad . .
. Do. . .
« | Thayetmyo . o
. | Mogaung . .
« | Abbottabad . .

. | Dera Ismail Khan .

« | Tavoy.

« | Bhamo.

« | Calcutta.

« | Tavoy.

« | Dera Ismail Khan.
« | Abbottabad.

. Do.

« | Thayetmyo.

« | Mogaung.

« | Abbottabad.

o | Dera Ismail Khan,
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Tke Geology of the Saféd Kéh ; by C. L. GRIESBACH, C.1L.E., Superintend-
~ent, Geological Survey of India. (With 2 Plates of sections.)

CONTENTS:

——

Introduction.
L.—Notes on the Saféd Kéh and its skirting ranges.
IL.—Geological results of the Miranzai Expedition.
111.—The Geology of the Khaibar hills.
IV.—Section between the Peshdwar Valley and the Ungo Pass; the petroleum
springs of Pannéba.
V.—Concluding remarks.

During the field-season of 1890 to 1891 I was engaged in geological research in
several areas along the north-western fromtier, which struc-
tufally belong to the mountain system of the Saféd Koh;
the sections which I actually examined are partly within British territory, partly
they are within tracts belonging to semi-independent tribes. These areas are sepa-
rated by more or less unknown country and form patches, as it were, between the
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