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RECORDS

GEOLOGICAL SURVEY OF INDIA.
No. 1.] 1870 [February.

ANNUAL REPORT OF THE GEOLOGICAL SURVEY OF INDIA AND oF THE MUsEUM OF GEOLOGY,
CALCUTTA, FOR THE YEAR 1869.

The close of another year (1869) calls for a brief summary of the progress of the
Geological Survey since our last report.

The area, which it is ible to examine geologically within a year, depending essen-
tially on the number and abﬁ.i):;lof the officers emwyed, it is necessary, first, tge premise that
during ten months of the twelve just passed, Mr. W. T. Blanford, Deputy Superintendent,
was absent, being engaged in the elaboration of his report on the Geology and Natural History
of Abyssinia, the result of observations made while attached as Naturalist to the
Abyssinian Field Force, and during a brief visit, subsequently to the return of this force from
Abyssinia, to the adjoining territory of Bogos. Mr. Blanford was, at the beginning of the
year (1869), ordered to proceed to Europe, where alone he could have facilities for the
comparison and identification of his collections and of reference to all previously published
accounts. After an absence from India, on this duty, of about six months, Mr. Blanford
rejoined the Geological Survey at the beginning of November, and immediately took the field.
Mr. Ormsby, who (as reported lutﬂ{ear) had been obliged to proceed to Europe, suffering
from sunstroke, returned just before the working season commenced in November. During
the most important and largest portion of the year, therefore, the survey was without
the aid of these two gentlemen. Mr. W. King and Mr. F. Mallet obtained 12 months’
farlough each, and left in September for Europe, having completed their maps and reports of
the previous season; and their services will, of course, be wanting during the present season.
Last year I had to report that Mr. Charles Oldham had proceeded on furlough in Nov-
ember, and with deep regret I was called on to report his decease in April last. In him the
Government of India lost a trained and able servant, distinguished for his conscientious
devotion to duty, and for the care and skill with which he, as Deputy Superintendent for
Madras, conducted the labours of the party working there. In him also the officers of the
Survey regret the loss of an esteemed colleagne. This death, resulting from the effects of an
attack contracted during his active service in India, adds another to the lonﬁ list of those who
have saccumbed to the very trying exposure in the worst and most unhealthy parts of the
country Which the pursuit of Geology in India necessarily entails. The remaining officers
of the Survey have all been actively engaged during the year.

Soon after the commencement of the year (1869), having then just returned from the
Punjab, I proceeded to Cachar and Sylhet, to examine, on the spot, the evidence connected
with the serious earthquake of the 10th of January, which caused such extensive
damage. I was unfortunate in visiting the localities just at the time when all the available

iage of the district was needed for the Military ition then just leaving Silchar; so
that f found it impracticable to see quite as much of the country as 1‘. oould have wished. I
succeeded, however, in obta.ining some accurate and valuable observations. And in returning
1 crossed the Khasi Hills, noting the results of the same earthquake at Sylhet, Cherra
‘Poonjee, Shillong, and Gowhatty. A brief notice of these results was given at a meeting
of the Asiatic Society of Bengal in March (vide Proceedings of the Society for April 1869,
p- 118). While working out these observations, I was led to notice how little of any accurate record
existed in this country regarding the earthquake shocks to which many parts of it are
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frequently subject. And I have, therefore, given some time to the preparation of as perfect a
catalogue of Indian earthquakes as I had means of obtaining. This will, I believe, prove an
useful addition to Indian seismo-statistics, and I trust may at the same time be the means
of eliciting further information on the subject. Many private records of such phenomena
doubtless exist, full of interesting and often valuable information, which has never been given
to the public. I would solicit the contribution of any such facts as may tend to prove the
occurrence of shocks not hitherto noticed, or to indicate the extent of area over which, and the
relative violence or intensity with which, shocks already recorded may have been felt in
different parts of the country. The very nature of such a catalogue precludes the possibilit
of successful compilation by any unaided individual; the co-operation of many is usenﬁn.{
A report of the effects of the earthquake of 10th January, 1869, is in progress.

At the beginning of November, I proceeded to the Central Provinces to control the
tions there in progress for the exploration of the coal in Chanda and Berar. I found that
the late rains of the year had caused a deal of fever in many places, and the taking of the
field by the Survey Party was a little delayed in consequence. i’roceeding from Nagpore in
company with Mr. C. Bernard, Commissioner of Nagpore, in whose jurisdiction the Chanda
district 18, I first took a general review of the field as far south as Ballarpur. And then
returning fixed upon positions for future borings, with a view to test not only the continuity
" of the beds of coal which the river Wm-dahﬁ:adr inmm.oﬂ;woﬂl{:l , but also to
prove the nature, thickness, and contents of the coal-bearing formation ly. I have seldom
-seen & country less favarable for detailed Geological research, as a thick covering of clays con-
ceals the rocks entirely, exceptindg at distant intervals. Any detailed examination, therefore,
necessarily takes much time, and cannot in the end be very satisfactory. But, with the aid of
borings, we hope to be able to trace out the rocks with tolerable accuracy.

The results of the trials up to November last were published in the last part of the
Records of the Survey (Part 4, 1868), and it is not necessary to repeat them here. Since
that time, up to date, additional information has been gained, which is all satisfactory. One
of the t sources of doubt as to the extent of the ooal deposits arose from the widely
established fact, that the beds in the group of rocks in which the coal here occurs (that
known to Indian Geologists as the Barakar group) had invariably a tendency to exhibit very
great variation both in thickness and quality within short distances. They are often of grest
thickness locally, but thin out and nearly disappear within short distances: this variation
also being not only in the thickness, but also in the quality of the beds, so that what
-shows as a bed of gond coal in one place may, within a few yards or a few hundreds of yards,

_ pass into a shale without coal, or even into a sandstone. It was, therefore, important to test
this, and the first new boring which was fixed on was put down near the village of Telwasa,

--some ten miles to the north of where the coal had been found in the river. No coal was
visible, nor had any been ever known to be there; but the position in which it ought to be
found, if the beds continued, was, as apiared to me, well marked. After some delays,

" the rods were put down here, and passing through the beds of sandstone, seen on the surface,

‘they entered a groug of beds of coal and shale, in the proper position exactly as anticipated.
Up to the close of the year, 19 feet of this coal, with a few shale partings, had been cut into

and the beds still continued.* Near the village of Nokora also, to the extreme south end of

- the small area of coal-bearing rocks which occurs on the Chanda side of the Wurdah river,

‘near Ghigds, the limits of which had been approximately fixed by Mr. Blanford in 1866,

ta bore-hole was put down by Mr. Fryar to test the character of the there. This has cut
the same group of beds with coal found to the north of Ghigus village. There are representa-

(tives of the two.upper beds, and then of the thicker group of shale and coal below. But, as

iexpected, there is a_large amount of variation in the actual section. The thick beds of seo-

-called coal and shale noticed in the borings at the north of Ghigis (see Records, Geological

.Survey, 1869, p. 97), as being there altogether some 33 feet in thickness, have iucrea‘aegl to

.more than 50 feet at Nokora; but this increase in :;ﬁate thickness is chiefly in the

‘greater development of the earthy or shale beds. The details of measurements need not be

«given here. )

The results, so far as the explorations have been carried, seem to me to point to the
general continuity of the coals on a fixed horizon in the lower sandstanes, and if this be con-
firmed by further examimation, these cols may be sought for with considerahle certainty within

* Foxty-one faet, seven inches, of coal bave been eut altogether bere, in a total depth of 139 feet. .




part 1.] Annual report for 1869. 8"

the very limited' area which these roeks occupy. Until the recent trials, I regret to say that .
no principle seems to have guided the selectiona of the several points at which bore-holes.
were pub down. They were apparently put down completely at hap-hazard, and were of

course, in most cases, without any definite result. Localities have now been absolutely fixed
upon for a number of additional borings, where, at comparatively small depths, the pre-

sence or absence of the coal may be determined.

A steam-boring machine has also been delivered at Chanda, but it is not yet in opera.
tion. It willin ty be of very trifting use in this field. The country is to an immense
extent either covered with jungle or with deep beds of olay, through which every little stream
cuta a deep channel or gully, and in either case there are no roads excepting of the most
primitive character. There are not, therefore, more thau half a dozen spots in the district
to which this steam-boring machine can be conveyed, excepting at great loss of time and ex-

. And even in those localities, the requnired information can be obtained with ordinary
ing tools more cheaply and expeditiously if only a a{stematio system of choice of position .

be acted . It is, however, hoped that a tna.i will soon be made with this steam-boring
machine when the services of some one competent to undertake the management of it can be -
o .

To Major C. B. Lucie-Smith, Deputy Commissioner of Chanda, I am indebted for the
most hearty and effective assistance in all things. The Geological Survey is also indebted to
Mr. 8. H. Hennessy, Extra Assistant Commissioner, for the earnest and friendly way in
which he has ever met their wishes. '

It is hoped that as soon as the Chanda district is examined, the investigations of the
logical Survey may be continued down the valley of the Godavery, at detached points
in which we know of the existence of small basins of the coal measure rocks, in which coal
may exist in workable quantity. Such a basin, for example, occurs about 16 miles north
of Dumagudiam, from which, at the indicated by Mr. W. Blanford in 1866 near
the junction of the Tal river, in the left bank close to the village of Lingala, a considerable .
quantity of coal was raised last year from the bed of the river. This coal worked effectivel;
in the low pressure stationary engines, but was not sufficient to keep up steam for the hi
ressure engines of some of the steamers. I am also indebted to Colonel Haig, B. E., for the
information that coal has been again found exposed in the scarped face of the rocks on the -
right bank of the river, about 34 miles below Dumagudiam. ‘About two feet are seen above
water level, and it extends under the water as far as a man can reach with his arm.” All
these facts point to the necessity of an early and careful examination of this country. And
it is my purpose next working season to work up from the Madras side, the party of the survey
there engaged bringing up with them the extended knowledge they have obtained of the -
older groups of rocks in the Madras Presidency and the officers of the survey from Bengal
working downwards, and bringing with them their widely acquired intimaocy with the struc-
tare, character, and sub-divisions of the coal measures of E)dia. The extent of country to be
visited is, however, wide, and the detailed examination of so large an area will unavoidably.
occupy much time. The result of a systematioc examination of this kind will, however, be
more satisfactory and more trustworthy than if taken up at detached points.

In connection with these practical explorations by boring for coal, &c., I would notice the
at satisfaction with which the Geological Survey have seen lately the success of that most
mmportant trial for water at Umballa. The insufficiency of the supply of water at this
large station has long been a source of anxiety, and a cause of ill-health, and has led to pro-
posals for the adoption of very costly and tedious works to increase the amount of available
water and to facilitate its distribution. Mr. H. B. Medlicott, after his examination of the
Sub-Himalayan rocks, urged the importauce of seeking this much-needed supply of water in
the water-bearing beds which must exist under all the country in that parallel along the foot
of the hills.* ?&e reasons for the confident expectation of good water being found there
with a pressure at least sufficient to bring it to, or near to, the surface from very considerable
depths were stated, and have, on several occasions since then, been very strongly urged. It
was therefore with no small satisfaction that we saw the very first trial confirm the justice
of these sanguine expectations. It is to be hoped that further trials will be now boldly -

* Memoiss of Geological Survey of India, vol. 111, pt. 1L p. 8L )
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carried out, but at the same time strictly limited to those areas where the probable existence
of similar conditions may be fairly anticipated after proper examination.

As stated in my last annual report Mr. Medlicott was, at the commencement of the
year, engaged in the examination of the very important geological questions of the extent
and strutigraphical relations of the several series of sandstones, &c., associated with the coal
in Bengal as compared with those in Central India. In pursuance of this object, he
traversed the entire country between Hazaribagh and Ealsmow on the east and
Jubbulpur, on the west; and thence went southwards to Nagpore and Chanda. This ex-
tended and general survey of the vast area occupied by these rocks has brought into greater
prominence and clearness, and has established the wider application of several of the views
slready enunciated by other officers of the Survey regarding the distribution and variation in
character of the several sub-divisions of that great series of beds, in some members of which
the coals of India chiefly occur, and which may, as a whole, and in a broad view of its fossil
contents, be called the plant-bearing series. The vast extension and wonderful constancy in
mineral character (combined with local peculiarities) of the Z'alcAir rocks, which have always
been treated of as the base of this great series, although forming in themselves a well
marked and characteristic group, has been even more fully established than it previously
had been. The dying out also in paseing to the west of the distinctions so easily established
in the eastern coal-fields, (Ranigunj, Jherria, &c.), where a three-fold sub-division of the
true Damuda or coal-bearing rocks is obvious—a fact already fully indicated by Mr. Hughes,
as far as the Bengal fields are concerned—has been shown by Mr. Medlicott to be e:grely
supported by the character of the rocks in the more western fields. And, at the same time, the
co-existent fact of the considerable increase in the development of the group which occurs at
the top of the series (the Pancket group), seems equally established. The entire group of
the formations or series which in the east gives five well-marked sub-divisions (7Zklchir,
Barakar, Ironstone shales, Ranigunj, and Panchet) becomes at only a short distance to the
west only a three-fold series of the Iélchir, the Barakar, and the Panchet. This was shown
to be the case in some of the Bengal fields, and the same fact is more fully insisted on by
Mr. Medlicott with reference to the country lying further west.

Although, so far as known, there seem grounds for admitting this as giving the
truest representation of the facts, it must at the same time be stated that the lithological
character of each of these ﬁ'roups differ in the west and south from that of the typical rocks
in the Ranigunj field and Talchir field. Even so near to Ranigunj asthe Palamow
(or Daltongun] field,) Mr. Hughes has shown that the Barakar rocks present a lithological
character intermediate as it were between the true Barakar and the Ranigunj beds. And
further, in the Bokaro field, he has pointed out the transitional passage of the Ranigun; beds
into the Panchets. -

With these facts, it would almost remain an open question, whether much of those upper
beds, to which we are now disposed to assign the general name Panchef, may not represent,
#n time, the upper groups of the more eastern ﬁelgs (Ranigunj beds, Ironstone shale). And
the fossils contained would go to support this view. But the general mineral character very
decidedly approximates more to that of the typical PancAef rocks, and throughout the entire
area extending over many thousand square miles with well exposed sections, the absence of
any deposits of coal, which are so valuable and abundant in the upper groups of the Ranigunj
field, is an additional and strong reason why these rocks should be referred to the Panchet
group rather than to the others. It might possibly solve the difficulty better in the first
instance to establish an intermediate and distinct sub-division applicable only to a part of this
upper group of rocks in the west, but this would perhaps only lead to greater (ﬁﬂiculhes, because
this group must be localized, while all the facts point rather to a gradual passage of character
over geographical areas, than to any definite sub-division. In any such large series, where the
sub-divisions are not marked by material interruption, or change, of depcsit, or by any long
interval of time accompanied by the destruction of pre-existing beds, there is no possibility of
drawing any trenchant line of division, for such does not exist. And it can, therefore, be
only on a balancing of evidence that any part is placed in correlation with one sub-division
rather than with another.

Mr. Medlicott bas also brought forward additional proofs to show that, on
the large scale, the present limits of these coal-measure fields coincide approximately with the
original limits of deposition and are not the result of faulting, or even mainly of denudation.
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This limitation of original dngition has been the view held by Mr. Hughes (and by
myself) with reference to the fields which he had examined, and Mr. Medlicott now
shows how he considers it applicable to those in the west also.

There appear to me, however, wider and larger views of this variation in mineral character,
and in succeesion of beds, as well as in limitation of area oocupied, which must be worked out
in greater detail before any definite conclusions be possible. may, however, be indicated.
All these suocessive beds, (possibly with the exception of the Talchirs) representing an enor-
mous lapse of time, agree in one respect, that they seem to be pnretl{ fresh water (fluviatile
or fluvio-lacustrine) or estuarine deposits. This fact alone involves the consideration of defi-
nite limits within which the rivers or lakes by which, or in which, they were formed were
confined at the time of their deposition. This again would seem unavoidably to bring with
it a very large amount of vanation in each basin of deposition quite consistently with a
general resemblance or agreement in the succession. It seems difficult, if not almost impos-
sible, to sup, that coincidently with any great changes of surface level, &c., which may
have aff the whole country, there were not also vanations in each more limited area, or
drainage basin of the then existing dry land. Thus it seems to me, we are naturally led,
d priori, to look for a general persistence of type coincidently with a wide limit of vanation
in detail. And this, Iielieve, will go far to account for much of the variation we do find. The
present distribution of these coal-ti‘e‘ids in India, modified, as it undoubted]ﬁ has been, by the

t destruction and denudation to which not only the coal-bearing, but all subjacent rocks

ve been subjected, appears to me to point also to this limitation to defined areas. Thus the
Ranigunj, the Jherria, the Bokaro, the Ramghur, and the Karunpura fields all
belong to the drainage basin of the Damoodah river. Itkuri (Eetcoora), and the
Kurhurbari fields are in the basin of the Barakar, the largest afluent of the Damoodah,
from which in the upper part of its course it is s?)arated by the loﬂ:g ranges of Parasnath
and the wide plateau of Hazaribagh. The Kasta deposits and the limited field near
Dubrajpur and the Deogur fields arein the valley of the At? ai, and limited to it,
while the valley of the More, further to the north, has its small field near to Soory. (Ina
wider view, all these rivers may be considered to have formed one general estuary at an
early period). The Talchir field, near Kattak, the detached areas of Talchir sandstones ia
the Sumbulpur country, and the Belaspur field, are limited to the Mahanuddy basin;
the Palamow, the Singrowli, and South Rewah coals are all strictly confined to the
Sone basin ;—the Chanda field and the continuation of this field in detached areas down
the Godavery valley, considerably below Dumagudiam, all are strictly confined to the basin
of the Godavery and its affluents, while similarly the coal-fields of the Nerbudda valley are
all limited to the drainage basin of that river.

In other words, it seems to me that there is very strong evidence to lead to the
conviction (announced by me at the meeting of the British Association in December 1867,
when spesking generally of the Geology of India), tMat the great drainage basins of this
country were on the large scale marked out, and existed (as drainage-basins) at the enormously
distant period which marked the commencement of the deposition of the great plant-bearing
series to which I have referred.

In this point of view, local variations in the lithological type, and local variations in
the thickness of the groups, and even their occurrence or non-occurrence, are only n
consequences of the mode and limits of formation. And this will, I think, go far to account
for these variations.

Mr. Medlicott has arrived at somewhat similar conclusions bearing on the limits
of deposition of these beds as applied to some of the basins.

At the commencement of the present season, Mr. Medlicott proceeded to the
Nerbudda valley, to work out more closely than had before been practicable the coal-bearing
rocks in that area. When first visited, now more than twelve years since, no maps whatever
existed of the Nursingpur and Hoshungabad districts, and it was necessary, in order
to obtain any record, to carry out a gengral topographical sketch or survey concurrently
with the geological exumination. Within the last few months we obtained the finished
revenue survey maps of these districts (Hoshungabad and Nursingpur), and I bave at
once taken advantage of them to ascertain with greater accuracy than was originally possible
the distribution and contents of the coal-measure rocks there. The spproacﬁ;ng completion
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of the line of railway between Jubbulpur and Bombay also rendered it urgently important
that this should be d{)ne at the ea.rliesl? date. 7 v

Mr. Willson examined in the early part of the year a large portion of the Jhansi
and Lullutpur districts, tracing out the remarkable quartz reefs that exist in such numbers
and of such size in that ares, and mapping with care the limits also of the recent deposits.
And he is at present en in the continuation of this work, so as to join on his geological
boundaries with those already very carefully put in by himself in the Saugor and Dumoh
districts and with those in the Gwalior country mapped by Mr. Hacket.

The terrible sufferings of the population in Jeypore and adjoining country from
failure of their crops, and the consequences of deficiency of food, rendered it desirable that
Mr. Hacket should not return for the present season to the work onm which he had been
thero engaged. He has, therefore, been moved to Jubbulpur, where he will out the
examination with the detailed maps now available of the south-east portion of the district,
and connect it with Rewah to the north and east. In the beginning of the year Mr. Hacket
traced out the boundary of the great Deccan trap area, from Neemuch across to the Beeas
river, which line has since been embodied in the general map of the Vindhyan area accom-
panying the published report of Mr. F. Mallet.

Mr. Ball, in the early part of the year, carried out the examination of parts of the
Singhbhum country, tracing out carefully the wﬁper-bean' rocks and their limits. And
gince Mr. Ormsby’s return in the autumn, Mr. Ball and Mr. Ormsby have both been sent
to revise and brilg up to the existing state of knowledge of Indian Geology the maps of
Bhagulpur and Birbhum previous to final publication. These districts were among those
earliest examined in this countx. And since that time ve}? considerable progress has been
made in the disting:ishing of the rock groups of India. The oriEi.nal examination of these
districts had also been more than once necessarily interrupted by disturbances among the
Sonthals and other causes, and it was therefore essential that they should be gone over again
with a view to general revision.

Mr. Mallet, during the early ion of the year, was ed in working out in detail,
and with the advantage of new and better maps, the relations of the several groups of rocks
which occur in the eastern portion of the Sone valley, and which there come een the
Vindhyan formation and the gneissose rocks. The more important of his results have
been embodied in the Report on the Vindhyan formation, published during the year, which
is noticed further on. Mr. Mallet, as already mentioned, has obtained leave for one year, and
Jeft India in September.

Mr. W. Blanford rejoined the Geological Survey on his return from deputation as
Naturalist and Geologist in connection with the Abyssinian Field Foroe at the beginning of
November. He has taken up the careful examination of the Chanda district with the
assistance of Mr. Hughes and Mr. Fedden. Of this district he had himself made a rapid
reconnoizsance in 1866 and furnished a sketch geolo%'ical map, which, considering the very
unfavorable nature of the country for an ogical examination and the brief visit
Mr. Blanford paid to the district, was marvellously accurate and good. Mr. Blanford then
also was the first to realize the true nature of the coal deposits of the field, which had been
searched out with untiring determination by Major Lucie-Smith, the Deputy Commissioner.
The occurrence of these coals in this district in a geographical position singularly favorable
for the supply of fuel to a very large area both to the west and south, and the considerable diffi-
culties attending the investigation, rendered it highly important that the facts should be ascer-
tained as quickly as possible. I have therefore moved :5» from Bengal Mr. Theod. Hughes,
who has perhaps had more experience and detailed knowledge of the Indian coal-bearing rocks
.than any one on the Survey, and with Mr. Fedden he will act under Mr. Blanford, Deputy
Superintendent. The work was allotted without delay. Mr. Blanford himself, in addition to
the general supervision of all, has taken up the detailed investigation of the rocks which come
below the coal measure series. Mr. Fedden has been sent to those above the same series, while
Mr. Hughes will take up these coal-rocks themsg]ves. The district is most unfavorable for
detailed geological examination, being either more than usually covered with very thick deposits
of clays and gravels (often cemented into a hard calcareous conglomerate), occasionally
containing bores or ts of bones of large animals, and all probably of the same general
age as the similar conglomerates of the Nerbudda and Godavery valleys, (Pliocene), or
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concealed by widely spreading jungles and forests often almost impenetrable. Mr. Blanford
years since pointed out that it would be impoesible to arrive at any satisfactory conclusions
without actually boring in many places, and this actual testing of the ground is now being
carried out successfully in conjunction with the general examination. Should the officers
of the Survey be fortunate enough to preserve good health during the season, this year will
see a large area thoroughly explored. As already mentioned, the late rains in October produced
a good of fever and illness, and, as usual, the Survey parties have also suffered.

MapRas—The early part of the year (1869) was given by Mr. King and Mr. Foote
to the completion of the g ical area oeclgpied by quartzites, slates, limestones, &c., which
oover the larger portion of the districts of Kuddapah and Kurnool, and which appear,
geologisally, to represent in the south the older portion of the great Vindhyan series, to which
allusion bas already been made. This great area being complete in itself, that is, being
swrrounded on all sides by rocks of totally different ages and different mineral characters,
will be treated of as one. And since the close of the field work, Mr. King has completed
a general report on the entire area containing many thousand square miles. This report is
now in preparation for the press; and will be issued during the present year. Mr. King took
furlough-leave in September, handing over the Madras work to Mr. Foote. For the present
season Mr. Foote has been directed to carry on the examination of the rocks, of the same
mineral character, which appear under the great flows of the Deccan trap, and restin

uite unconformably on the ?mems rocks in parts of the Raichoor Doab, the vicinity o
%elgaum, and under parts of the ghate on the western coast. That they belong to the same
general series as the rocks in Kuddapah and Kurnool there is no question, and it is hoped
that Mr. Foote’s acquaintance with the latter will enable him the more easily to identify them.
This will connect with the Madras area the work already done by Mr. C. Wilkinson some
years since in Rutnagherry and Sawunt Warree, but which was unfortunately left
unfinished, when that gentleman was obliged to resign his connection with the Survey, as his
health could not bear the great exposure unavoidably entailed by his geological wori. This
work will also, I think, give us a second complete section (geological) across the Peninsula.

T have had occasion already to notice the decease of Mr. C. Oldham, which untimely
event, and Mr. King’s absence on leave have reduced the Madras party for the present season
to only one, Mr. Bruce Foote.

Bousay.—The Bombay party of the Survey continued the examination of Kutch as
yeported last year. This was completed before the close of the working season of 1869, and
r. Wynne and Mr. Fedden both deserve much credit for the zealous and earnest spirit
with which they carried out this work in a very difficult and in many ways very inaccessible
district. Mr. {nne has sabsequently, during the monsoon, pr a very admirably
executed map of the whole of Kutch, and has embodied his own and Mr. Fedden’s researches
in a general report, accompanied with many excellent and well-drawn sketehes. This map
is on the same scale as the Atlas of India, namely, 4 miles = one inch, and it will acarcely be

racticable to show the detail of the geology on a smaller map, although the publication of
$his large plan will be difficult. » M00gR Be P

At the commencement of the present season, as soon as it was practicable to leave Kutch,
Mr. Wynne proceeded, as ordered, to the Punjab to take up the detailed examination of
that province, while Mr. Fedden proceeded to Bombay, and joining Mr. Blanford took u
under his instructions, the examination of parts of the Chanda ang Woon districts, in whi&
‘he is now engaged.

1t had long been my desire to carry out a eareful examination of the Punjab, which offers
‘o the Geologist many points of great interest, as well as promise of valuable mineral pro-
ducts. But the pressing demands for geological en%z,iry in other directions have always
hitherto prevented any of the staff of the Survey from being located there. It was, therefore,
with pleasure that I found it icable to send Mr. Wynne there this season, ard I doubt
not he will exhibit the same and ability there as he has elsewhere. I have asked his
srcin.l attention te the relatioms of the begs from which petroleum is obtmined or likely to be
obtained.
Bueman.—Mr. W. Theobald has, as anticipated in last year's report, completed the
neral examination of the Prome district up to the fromtier of British Barmah, so far as
t lies to the east of the Irawadi. He has this season taken up the country lying to the
west of the river in the same parallel, aud I hope the season will see it completed. In this
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part of the district, nummulitic rocks (limestones, &c.) occur and form an interesting
study. They may be found to contain petroleum, as they occasionally do elsewhere.

PusLicatioNs.—The first part of the seventh volume of the Memoirs of the Geological
Survey of India contains a regort on the area occupied in North-Western India by the
grea.t series of rocks, to which the name VINDEYAN was first given by myself in 1856.

trewhing along the northern escarpments of the Nerbudda valley, passing across the
district of Jubbulpur, and forming the whole of the Rewah country north of the Sone,
this great series extends in a continuous mass far into Bengal, where the picturesque cliffs
of the Rhotasgurh hills form ite steeply scarped limits on the left bank of the Sone.
Returning towards the west by Sasseram, Chunar, Mirzapur, and a little south of Alla-
habad, the boundary thence stretches in a great sweeping bay or curve to the south by
Kirwee, Bijawur, and crossing the Beas river, trends again north to Gwalior and Agrs,
and FuttipurSikri, whence the line again trends to the south and extends to near Neemuch.
The rocks belonging to this widely extended and important group constitute one of the most
remarkable and interesting series in all India. They become also still more important to
the Indian Geologist when he finds representatives of the same great series covering immense
areas in the Madras Presidency (Kuddapah, Kurnool, &c.), stretching northwards along
the flanks of the ghats, and up the Godavery country, until in Berar and the adjoining
parts of the Nizam’s dominions, and again in Bustar and Chutteesgurh, they constitute
the rocky basis of very extended districts. They are divisible into several different groups
characterized by peculiar lithological distinctions, and throughout the whole area described
present a wonderful constancy o mineral composition. Mr. Fred. Mallet, who bad himself
examined much of the area 1n N. W. India oocupied by these rocks, has combined with his
personal observations the labours of others, and has given a connected history of the entire
series in this part of the Memoirs.

I have always found it exooedinga difficult to lead to a just conception of the immensity
of the areas we have to deal with in this country. And it may be useful to draw a com-
parison here which may tend to a realization of the facts. The small map, which accom-

nies the report of Mr. Mallet, (a reduction from the ln.r%er scale maps used in the field)
Just noticed, represents an ares quite as large as England and Wales; while all the lines
of geological division and sub-division shown on it have been actually traced out b
detailed examination. The previous part of the Memoirs, the last part of Volume VI,
contained also a geological map of quite as extended an ares, that is, geological maps and
reports have been published within twelve months, exhibiting the structure of a country
larger in area than the whole of Great Britain and Ireland. And it should be added of a
country regarding the structure of which nothing trustworthy was known previously to
the commencement of the Geological Survey.

The same part of Volume VII contains also a continuation for 1868 of the annual
returns of the quantity of CoaL raised in India in continuation of similar returns which
I had already published for the years since 1857. The full details will be seen in the
tables given.

> There is also, in the same part, a careful description of the very interesting area near
Cherra Poonji in Eastern Bengal by Mr. Medlicott. As stated in my last report,
Mr. Medlicott enjoyed the advantage of visiting these hills at the only time of year in
which it was possible for any one, without certainty of serious illness, to visit the lower valleys,
which are deadly in the rainy season. He has thus been able to clear up much that was
unknown, and the consequence has been a considerable modification of the views originally
taken of their structure. Mr. Medlicott has also been able to carry out the separation of
the tertiary and cretaceous rocks, the necessity for which, as established by fossils, was
indicated by me in 1863, (Quar. Jour. Geol. Soc., Lond. vol. xix, p. 524). His brief memoir
will prove a valuable basis on which to carry out the detailed examination of the adjoining
hills.

on the Kurhurbari coal-field and on the detached and small fields near

Deoghur in Birbhum are ready; their issue being only delayed by the time required for
colouring the geological maps.

Of the Paleontologia Indica, a part or fasciculus of which was due in Ootober last,

I have not issued any part. Several complaints as to the loss and injury sustained in con-

sequence of the issue of this valuable series in small fasciculi having reached me, and desire
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baving been expressed that they should be sent i larger parts, or volumes, or half volumes
I m thought it better to defer the issue for a little until a larger part can be published at
once. Thﬁour arts, therefore, for the year 1860-70, the last of which will be due in
October 1870, will be issued during the year before October, and will constitute half a volume.
The plates for all these are quite ready, and fasciculi could be issued now, but, for
the reasons bere given, it is thought wiser to delay a little and give four parts in one, as
was done before.

The Records of the Geological Survey, which, as announced, are intended to convey &
notice of the current work of the Survey, shorter papers, and abstracts of tEapers which
eannot be published in detail at once, with analyses of works bearing upon the Geology of’
India, have punctually appeared at the stated intervals of three months. In the numbers
for the year, we have given to the public descriptions of the geology of the rich and
productive valley of Berar; sketch of the Geology of Kuteh; of the giillong lateau
&sinee published in detail); of the Kuddapah and Kurnool districts in Madras, (of which

etailed report is in press) ; on parts of Prome in British Burmah; on the general relations
of the metamorphic rocks of %engal;in paleontology, a careful description and plate of
the fossil Pargshura (Emys) tecta, and other Ckelonia. These are of very high interest,
as they are trulqy identical with the same species, now living abundantly in this country, while
the remains described were found along with remains of animals which have long ceased to
exist in India, (Hippopotamus, Sivatherium, Mastodon, 4c.). Bearing on the practical
applications of Geology, we have notices of gold in Singhbhum : of the mineral statistics
of Kumaon, where a considerable amount of copper is still raised by the inhabitants; and
on the coal-fields of the Central Provinces: while to meet the general interest excited
in the history of the Nicobar Islands, and to answer many enquiries made regarding their
geology, I have published a trauslation of the most recent and valuable contribution
to their geological history, which having appeared in German, as a part of an expensive and
not generally available series of publications, containing the researches of the scientific expedi-
tion which the Austrian Government sent round the world in the “Novara” (1857-59), was
not accessible generally to the public here. Full lists of the additions to our library here,
of which so large a portion consists of exchanges with scientific institutions and societies in
other countries, are also regularly given in the Records. .

In addition to the ordinary current work of the Survey much additional labour has been
undertaken in furnishing brief notices or sketches of different districts or provinces for district
officers, and lately more especially for the officers charged with the editing of the several
Gazetteers now in preparation. These notices are necessarily required to be brief, but the
briefer they are, the more time and trouble they cost. I have further undertaken to continue
to supply these notices from time to time, not only for Bengal, but for other parts of the
country. Copies of geological maps, and sketch geological maps have also been given to
several public authorities and others, who have been interested either in investigations con-
nected with the mineral resources of the country, or for sanitary purposes. Of the value
and utility of these maps, we have received cordial acknowledgments ﬁ?om all.

LiBrarY.—During the year just 883 volumes or parts of volumes have been
added to our library. Of this number 393 were presented by other institutions or
societies, or were received in exchange for the publications of the Geological Survey. A full
list, as already mentioned, is given of the ad(fitions every three months in the Records. As
usual, a list is here appended showing all the societies or public institutions from which
donations or exchangesgn.ve been received during the year 1869.

As with the collections, 8o also with our books, maps, &c., we are most seriously incon-
venienced by the very limited space available for their exhibition or preservation—a difficulty
which there is at the present no means of obviating.

MusruM.—So far as there has been any room, additions have constantly been made to
the collections exhibited in the Museum; and all practicable means are adopted to prepare
other series for exhibifion, whenever it may be possible to accomplish this. More tlimn
20,000 specimens have passed through the Curator’s and Assistant Curator’s hands, and have
been entered and catalogued for reference during the year. But many of these had to be
packed up again, there being no place to keep them otherwise. Cuses have been procured as
q:ﬁkly as possible for the additional rooms noticed in last year’s report, but they are not all
ready yet. .
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MeTEORITES.—Our noble collection of Meteorites maintains its excellence. During the
twelve months past, we have had additions of a gd i of the Khetree fall (February
1867), for which we are indebted to Mr. D. Waldie of Calcutta, and imens of the
Ornans fall (July 1868); of that which occurred at Sclavetid in Croatia (May 1868) ; and
of the mass which fell at Krihenberg, near Zweibriicken (May 1869). For the last three
we are indebted to Dr. Tschermak of the Imperial Mineral Cabinet at Vienna.

As customary, an Index map, on a small scale, is appended, showing ro the ent
state of progress of the Survey; as also a list of 'those societies or pui)ﬁcuﬁ]yﬁtuﬁonmm
which we have received sﬂalimtiom, during the twelve months, in exchange for those of the
Geological Survey of India.

T. OLDHAN,
’Cu(r, CHANDA DistrICT, Supdt. of Geol. Survey of India and
Janvary 3rd, 1870. } Director of Geol. Museum, Calcutta.

List of Bocieties and other Public Institutions, &c., from which publications have been
received in donation or exchange for the Library ¢f the Geological Survey of India
during the year 1869.

Bsrerum.—Academie Royale des Sciences, Bruxelles.
BEeRLIN.—Academy of Science.

» Deutache Geologische Gesellschaft.
BomBay.—Geographical Society.

BosToN.—Society of Natural &istory.

» Museum of comparative Zoology.
BeesLAU.—Schlesische Gesellschaft fiir vaterlsndische Cultur.
CALCUTTA.—Asiatic Society of Bengal.

» Agri-Horticultural Society.

» Indian Annals of Medical Science.
ConNwaLL.—Royal Geological Societlva.“
DrespEN.—Naturwiss. Gesellschaft, 1sis.
DusLiN.—Royal Society.

» Royal Geological Society.
EpinsuraH.—Royal Society.

GOTTINGEN.—Konigl. Gesellschaft der Wissenschaften.
HavrLe.—Natural History Society.
JUBBULPORE.—Government School of Industry.
LavusaNNE.—B8ociété Vaudoise des Sciences Naturelles.
LoxpoN.—Royal Geographical Society.

» Royal Society.

» Royal Asiatic Society of Great Britain and Ireland.
Yo Geological Society.

» Geological Survey of Great Britain and Ireland.

” Society of Arts,

Maprrp.—Royal Society.
MancHEsTER.—Literary and Philosophical Society.
Moscow.—Société Impériale des Naturalistes.
Norway.—Royal University of Christiania.
Parermo.—Scienze Naturali ed Economiche.
Pagis.—Academy of Sciences.

» Comm. des Annales des Mines.

» Société Géologique de France.
PHILADELPHIA.~—American Philosophical Society.

» Franklin Institute.
RoorgeR.—Thomason College of Civil Engineering.
SareM.—Essex Institute.

ToroNT0.~—Canadian Institute.
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TURIN.— E)l Academy of Sciences.
Vicroria.—Royal Society.

” Phalosophical Institute.

» Govt. -Geolcagieal Survey of Victoria.
ViexNa.—Kais. Akad. der Wissenschaften.

” K. K. Geologische Reichs-Anstalt.
WASHINGTON.—Smithsonian Institute.

Governments of India, Madras, Bombay, Bengal, N. 'W. Provinces, Punjab; Chief Commis-
sioners, Qude, Central Provinces, British Burmah.

Nores oN THR GBOLOGY 6F THB NEIGHBOUERHOOD OF MiDRAS,—by R. Bauck Foorz, Esq.,
F. G. 8., Geological Survey of India.

The ter part of the Madras district lying north of the Palar river and south of the
Pulicat lake is occupied by rocks of the secondary, tertiary, and recent ages, the remainder
of the area being taken up by metamorphic rocks forming part of the great gneissic series
of Southern India.

The topographical features of this part of the Carnatic are very simple, the ground
rising from the coast westward up to the foot of the Eastern ghits and their outliers, in a
very gradually inclined plane which I will call the Madras area. The surface of this plane
s varied only by the shallow valleys of the Narnaveram, Cortelliar, and Palar rivers, the
Tlatter forming tie southern boundary of the tract of country mow under consideration. In
<he north-western part of the district the inclined plane is broken by twe groug,se of hills,
the Sattavedu and Alicoor hills, to the west and north-west of which, but just beyond the
doundary of the country now to be described, rise the Naggery mountains, which are lofty -
and conspicuous, but perfectly detached outliers of the Eastern ghéts. The south-eastern
oorner of the inclined plane is dotted by a number of low, but picturesque, ridgy gneiss hills.

The northern, central, and south-western parts of the Madras area are occupied by the
stratified rocks, roughly speaking, the southern and south-eastern parts by the metamorphic
rocks, a narrow belt of which must be incladed all round the western boundary of the
area of the stratified rocks.

CLASSIFICATION oF THR Rocxs.

The following tabular statement illustrates the various groups into which the roeks of
the Madras area have been classified :—

Blown sands.
Recent or quaternary ... {Alluvium, marine, and fluviatile.
Laterite and Conjeveram gravels.
Tertiary e «s Gritty sandstones, P Cuddalore sandstones.
Cretaceous P)
Secondary ... {snnnlc, Rajmahal plant beds.
Submetamorphis «« Cuddapah group.
Metamorphic ... +s  Gnelssio serios. .

The Blown Sands.—These sub-aerial deposits are of no great extent or importance,
as they form merely a fri ingl ridge to the beach. To the south of Madras they are largest
at, and to the south of, Covelong (Kovilam of the nati::‘?. North of Madras they attain
their greatest height, between 40 and 50 feet, at a place called Chintamanikovil, where they
have nearly covered up the Kovil (Hindu temple).

The greatest width attained by this coast ridge may be about a_mile, but it is generally
much less, and the smotz'unt o{ ifting inland 1s not of ;n real importance, and ea.sili

by plantations of suitable trees, e. g., Casuarinas, yra palms, Screw pines, an
'C?mnut trees, all of which flourish near the coast. P

The alluvial formations.—~These are of two classes, marine (including estuarine) and
faviatile, but they are nearly undistinguishable in character, and at many points graduate
into each other imperceptibly.
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Their general character, as seen at the sarface, is that of pure, or nearly pure, silicious
sands, but beds of black, blue, or grey clay occur largely below the surface in the marine
alluvium near Madras; these are, however, much less uent in the fluviatile alluvium
higher up the river valleys. The fgreai;est depth to which the marine beds have been

ierced by sinkings is 56 feet, when the gneiss was reached. In the marine and estwarine

along the coast many of the clays are largely filled with shells, all of living species, but

in a sub-fossil condition. Such marne beds are known to extend two to three miles inland,
but I could not ascertain whether they had been penetrated by any sinkings further inland.

The river alluvia are of more interest than the marine, because they afford evidence of
some remarkable changes within the human period in the courses of several of the principal
rivers in the district. Lithologically, the fluviatile alluvia are of no interest, for they consist,
a3 a rule, of nothing but coarse, gritty, loose, silicious sand. Gravels or clayey beds are rare,
and organic remams are bardly ever met with, excepting a few Helices and fresh water
shells, (all of living species), in thin beds of reddish loam.

The changes in the course of the rivers above referred to are four in number, and concern
three rivers, the Palar, the Cortelliar, and the Naggery river, but I will only notice the two
most important here. ’

The Palar now flows into the sea 42 miles south of Madras, but it, or a lu'ﬁo branch
of it, formerly flowed down what is now the alluvial valley of the Cortelliar, and debouched
into the sea, somewhere to the north of Madras, probably between Ennore and Pulicat.
The present Cortelliar valley is very disproportionately large as compared with the river
which runs through it in a rather deep channel.

The present valley of the Palar is still mere disproportionately small as compared
with its river; the two alluvial valleys join, or rather diverge, at a place about 10 miles east
of the town of Arcot. A stream is even now connected with the Palar just at the fork
by wt;ch water is still carried down the Cortelliar valley for many miles and eventually falls
into that river.

This stream is considered by the natives to be the old Palar and bears a Sanscrit name,
Vridachara nuddee or old milk river, the Tamil word Palar also signifying milk river. A
similar change, of course, has occurred to the Naggery river, which in former times fell into
the Narnaveram river, close to the Ramaghiri mountain, at Nagloperam. The Naggery river
was diverted from its old course at a place about two miles east by south of the town of
Naggery, and made, by the cutting of a channel about half a mile in length through
gueissic rocks, to turn to the south-east instead of flowing due east and east by north and
to fall into the Trittang river, which joins the Cortelliar a few miles further east. The
broad alluvial valley which now runs between the Naggery mountain ridge and the Alicoor
hills is in consequence of this change drained only by small streams and artificial channels.

I could not obtain any information on this point from the enquiries I made on the spot,
but from the appearance of the cut through the neck of gneissic rock above described, I think
the change of the river course was the result of human agency. Like the alluvium of the
Palar river the alluvia of the Naggery river (both in its old valley and along the newer
channel as far as its junction with the Cortelliar) and of the Narnaveram river consist almost
entirely of coarse gritty sand; clay beds are rare, but wlgere met with are of black color and
regur-like texture. the rivers named appear to be still cutting their channels deeper and
deeper every season.

Lateritic formations.—The formations classed under the above heading are of three
principal kinds, namely, clayey conglomerates, gravels, and sands which occur distributed over
nearly the whole of the area under consideration.

Their occurrence is, however, not so much in continuous spreads as in detached patches,
many of which are but of small size, though some occupy important areas from one hundred
to two or nearly three hundred square miles in extent.

These larger areas occupy, as a rule, the higher grounds lying between the different river
valleys ; the small patches occur at similar levels and are evidently outliers left by partial
denudatory action by which the once continuous lateritic deposits have been thus broken up.

The thickness of the lateritic formations is very small when compared to their super-
ficial extension. They rarely attain a thickness of 12 feet or upwards.
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The three prineiqal kinds of rock above enumerated which make up the bulk of the
lateritic series, namely, clayey conglomerates, gravels, and sands, are found constantly
graduntin.i into each other in such a manner that they can only be regarded as parts of
one and the same deposit, however various the appearance of the different members.

In the Madras area, and to the north of Madras in the Nellore district, the character
of the lateritic formations is considerably different from that of the representatives of the
same series further south in Trichinopoly and South Arcot districts, the difference consisting
in the much greater uency of conglomerates and in the presence of large quantities of
quartzite pebbles enclosed in the conglomerates. This peculiarity depends on the proximity
of the quartzite rocks of the Cuddapah series, which attain their southernmost point in the
Naggery mountains, and even more” perhaps on the extensive destruction of the much

ounger oconglomerates of the jurassic series which were mainly composed of pebbles and
ulders of such quartzite and were of great thickness. The laterites of South Arcot,
Trichinopoly, and Tanjore, on the contrary, do not, so far as known, contain any quartzite
whatsoever, but only fragments of gneissic rocks, and these but very rarely. The nearer the
laterite of the Madras area approaches to the Alicoor and Sattavedu hills, which are entirely
composed of the coarse jurassic conglomerate above spoken of, the larger do the quartzite
and other pebbles it encloses become. In some of the laterite sections indeed near those hills
the conglomerate is so coarse that few of the enclosed pebbles are less in size than a man’s
head, and many very much larger; some, indeed, though perfectly smooth and well rounded,
of such size as to deserve the name of boulders.

In such conglomerates the matrix of ferrugimous clay iron stone is almost masked by
the included masses.

Near the sea, Lowever, as at the Red Hills, a few miles north-west of Madras, the
included quartzite pebbles are small and not numerous, and the conglomeratic character not
everywhere visible. Where such is the case, the peculiar characteristics of typical laterite,
namely, its ferruginous character, its permeation by tubular and vesicular cavities filled with
pale colored sandy clay, and lastly, its hardening and becoming coated with a glaze when
exposed to atmospheric influences, are seen to perfection.

The laterite gravels frequently contain pebbles of quartzite and gneiss mixed with the
isiform ferruginous pellets in varying proportion according to their Froximity or distance
erom the older quartzite yielding rocks. The sands associated with the lateritic conglomerates
and gravels show considerable variety in texture and color, the latter depending on the per-
centage of iron. They not unfrequently contain a large quantity of clay, and are then apt
to cake and harden, but without the excessive fissuring noticeable in purer clays. These
sandy beds are frequently found overlying the highly ferruginous beds and form to a great
extent the soil of the laterite areas.

The Conjeveram gravels.—In the south-western part of the Madras area the high
grounds north-north-east and north-west of Conjeveram are covered by a peculiar quartzite
gravel formation occupying the same relative position as the true laterite further to the east
and north, but distinguishable from it by the absence of ferruginous matter, and conse-
quently by its pale color. This change in mineral oharacter (supposing the Conjeveram
gavels to belong to the laterite period) takes place a little westward of a line drawn from

allajabbad due north to the alluvium of the Cortelliar valley, but unfortunately no section
occurs showing the two formations in juxtaposition.

Both have so far proved unfossiliferous as far as true organic remains are concerned, but
both appear to contain implements of human manufacture in the shape of axes and spear
heads made of chi}gwd quartzite pebbles and of the same types as those occurring in the
gravels of Western Europe. I have given the name of the famous old town of Conjeveram
to this non-ferruginous gravel deposit, from its occurring, s far as I know, only within the
Conjeveram taluq.

CUDDALORE SANDSTONES.

Underlying the lateritic formations in the northern part of the Madras districtis a
gritty sandstone of white or drab color sometimes slightly mottled with rusty spots. This
sandstone, which is well exposed only in the oliffs on the south side of the Cortelliar river,
six miles north-weet by north of the Red Hills, bears a strong resemblance lithologically
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to some parts of the Cuddalore sandstones as seen near Cuddalore, and like them appears
completely unfossiliferous. In the Cortelliar cliffs the following section is exposed :—~

Lateritic conglomerate ... . we 3 to 4 feet.
Mottled gritty sandstone ... wer 6 ,
Quartzose grit of buffy white and brown colors, beeominf whiter and
grained d ds, very friable; beds divided by thin
partings of Kunkur . . .. 30t40 ,

The base of the section is unfortunately entirely obscured by fallen masses, or by the
water which here remains in a deep pool at the foot of the cliffs.

It is not known what underlies these beds, so they can onlg‘tb: provisionally regarded as
resentatives of the Cuddalore sandstones. The gritty sandstones west of Poonamallee
:v?ich Mr. H. F. Blanford was disposed to refer to the same supra-cretaceous position have
yielded a few fossils of unmistakeably Rajmahal (jurassic) character.

No representatives of the cretaceous group being as yet known to occur within the
limited Mmgns area I pass on to review the different members of the

RasumanAL OB JURAssic Rocks.

Although occupying superficially a lesser area than the lateritic rocks, the Rajmahal
beds are of infinitely greater geological importance and deserve considerable attention.

Like the lateritic rocks, the Rajmahal beds are scattered about over the country in a
number of detached areas and patches divided from each other by alluvial valleys or by
bands of overlying lateritic strata “that have escaped denudation. From this broken up
condition of the formations added to the absence of really good sections it is difficult and in
some cases almost impossible satisfactorily to correlate the different formations occurring in
several patches.

For convenience sake it will be better to consider the several distinct patches in four

ups, ignoring as much as ionsible the intervening covering formations of younger date.
t is only in the three northern of these four areas that the base of the Rajmahal beds is
seen, resting on the gneissic rocks along the foot of the western flanks of the Sattavedu and

Alicoor hills and of the low plateau east of the Arconum railway junction.
In the Sripermatoor area the base of the series is nowhere seen owing to the great

thickness of the surface deposits. Owing partly to the peculiar shape of the ground, but
still more to the general soms of the r%cks sn{i to the consequent enormous aocg::nulations
of debris covering the surface, no section exists showing the true relations of more than small
portions of the Rajmahal series, which renders any stratigraphical sub-division of the entire
series very difficult and uncertain. A provisional sub-division into two groups has, however,
been proposed, based mainly on lithological differences.

To one group consisting of coarse well consolidated conglomerates and sandstones the

name of Sattavedu group has been given, from the fact of these beds having been first
studied-by my colleague, Mr. King~-, in the Sattavedu hills.

The other grong, consisting of shales, clays, and gritty sandstones and unconsolidated
conglomerates, we have called the Sripermatoor group, from its most important members
occurring under and around the town of Sripermatoor.

The Sattavedu Group—In the Sattavedu ares the entire series of rocks met with
consists of alternate bands of coAnflomera‘ws and sandstones many hundred feet thick. These
beds extend southward into the Alicoor hills area (under the valley of the Narnaveram river)
and form the eastern and loftier half of the hill group. The entire eastern base of both the
hill groups is covered up by lateritic conglomerates and sand, by which any extension to the
east of this series is completely masked.

The chief petrological character of the members of this series is the prodigious coarseness
of the conglomerates which are made up of large well rounded smooth pebbles of quartzite with
a small number of similarly waterworn masses of granitoid gneiss firmly cemented together
by a varying cement which is sometimes argillo-ferruginous, ferrugino-arenaceous, or silicio-
;dmrl?:;s In some of th: sa.hliglsltone beds n} the Sattavedu hills Mr. Ki?g %i’soovered :ﬁe
few plant remains, amongst which was part of a recognizable Dictyopteris frond, provi e
true Rajmabal character of the beds which contained it. In t}fz?;nthem extemio;u:)% the
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same beds in the Alicoor hills no foesils were found. The sandstones are mostly rather gritty
in texture and only occasionally sufficiently compact to be useful as building stones.

Sripermatoor Group.—Apparently underlying these Sattavedu beds in perfect con-
formity are certain conglomerates, gritty clays and shales which form the western and southern
parts of the Alicoor hills, and which differ from the beds of the Sattavedu series in being soft
and quite nneomgwted and of white or grey instead of brown and reddish colors. Even
the coarsest conglomerate beds at and near the base of the series are soft, the pebbles and
boulders of quartzite and gneiss, instead of being bound together by some firm cementing
material, merely lie imbedded in a very friable, more or less clayey, grit consisting of quartzose
debris derived from the gneissic rocks. Flanks of the hills consisting of these uncen-
solidated rocks are deeply covered by debris which is cut through by only a few ram-ﬁl‘h:s of
recent origin, and it is these only which afford sections of the undisturbed rocks. y of
the gullies, however, do not even cut through the thick coating of debris and rain wash. No
soction was found showing these unconsolidated beds in contact with the consolidated
Sattavedu beds where they approach each other in the centre of the Alicoor hill group, but as
far as the rounded outlines of the hills at that point serve to guide the eye there is an
undoubted dip of the softer beds under the hard conglomerates of the Sattavedu series. No
sign of any fault between the two series could be tmceg, but a fault might well existand yet be

y masked by talus and debris. The nearest visible point of approach of the two series
1 8 short narrow east and west ridge abutting at right angles against the hard basement-con-
glomerate bed of the Sattavedu series, which here forms a prominent north and south
ridge, succeeded to the eastward by several other ridges, corresponding to as many great con-
glomerate beds. The valleys running down north and south from the cross ridge above
mentioned are the two principal valleys in the central mass of the hill group, and the depth
to which they are excavated is due to the greater softness of the underlying beds as compared
with the overlying series. The southern part of the Alicoor hills, cal{ed the natives the
Naikenpolliam hills, is apparent} oomposes only of the unconsolidated beds which have trend-
ed in the direction of their strike from north and south to west-north-west and east-south-east.

The basement bed at the south-west of the Alicoor aresa near the vi of Naiken-
lliam contains included masses of conglomeratic quartzite of such tremendous size—800
g 1,000 cubic feet in bulk —that they suggest the idea of their being the relics of the base-
ment bed of the Cuddapah rocks, which are so splendidly represented about eight miles to the
north-west in the tremendous cliffs of the Naggery ridge, parts of which have a vertical face
of 1,000 feet high.

Glacial agency being inadmissible in so southernly a latitude, except on exceedingl
strong evidence, the only probable explanation remaining is the one above s whic
derives great Frobability gom the fact that, on a far smaller scale indeed, si masses of
gneiss are included in situ in the basement bed of the Rajmahal plant beds at Ootatoor and:
elsewhere in the Trichinopoly district. These great quartzite masses, it is true, are not seen
to be resting on the gneiss surface, but the latter can only be a few feet further down the
slope. The inclusion of gneiss blocks in the basement bed of the Rajmahal series is to be
seen only a few miles to the south in the banks of the Naggery river at Chittapuram.
Numerous plant remains of unquestionable Rajmahal species were found in the principal
section at the south-west end of the Alicoor hills. Amongst these plant remains were parts
of Teniopteris, Dictyopteris, Pal®ozamia, and Pterophyllum, and Poacites-like stalks.

Unfortunately from the friable nature of the clay bed in which they occur the
majority appear to have become unrecognizable in drying, though when freshly extracted from
the matrix even the most delicate venations and nervures were plainly visible.

On the south side of the Naikenpolliam ridge the lower members only of the series
appear to be represented ; they consist of unconsolidated conglomerates of various

coarseness, gritty sandstones and micaceous sandy shales, exposed in a few streams and
a great many well sections.

The only section which yielded fossils was one on the north bank of the Naggery river
opposite to Chittapuram, where two beds of rather friable sandstone were found to contain
plant remains, amongst which fragments of Teniopteris and Dictyopteris were identifiable.

On the opposite side of the river in the Pyanoor area the same beds reaprar, and are
there seen to be very low down in the series, in fact only a few feet above the basement bed,
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which here includes, or rather is deposited around and among, sundry large masses of i-
toid and gneissic rock. These sandstones with micaceous sbalefra’nd sundry oongbng:ts
beds of the usual unconsolidated type extend hence throughout the Pyanoor ares, as proved
by the numerous well sections, which everywhere pierce the superincumbent lateritic conglo-
merate.

The connection between the beds occurring im the Pyancor area and those lying within
the Sripermatoor area, 12 miles to the south-east, is not clear owing to the difference in
E::rolo ical characters and to the insufficient evidence afforded by the organic remains. As

as the relative topographical position of the two areas affords any clue it is in favor of
the beds of the Sripermatoor area, being simply an extension of those im the Pyanoor area,
the difference in mineral character of the respective beds being probably due to the more
littoral character of the Pyanoor beds as compared to the Sripermatoor beds, which though
not to be considered as deep-ses deposits, yet appear to have been formed at considerable
distance from the Iand of the period. This view 1s favored by the lithological character of
a small series of Rajmahal exposed in & section lying about half way between the
Pyanoor and Sripermatoor areas.

The most important member of the series in the Sripermatoor area is a white shale,
the plant bed par eminence, resting on whitish friable gritty sandstone, which is in all
probability the basement bed over a great glart of the area. In the southern part of the
area there is another series of grey clays, reddish sandstones, and buff sandy shales, whose
position with reference to the plant-shale could not be ascertained in the absence of any
section showing the two series.

The area occupied by the plant-shales is, roughly speaking, a rectangular basin about eight
miles long from nol:-th ’wysouth by four from east to west, formed by the junction of sevegml
shallow valleys sloping very gently eastward. Several low hills rise out of the basin and are
capped with laterite. The town of Sripermatoor stands in the north-west corner of the
basin, which is surrounded by rising ground, the edge of which is here and there slightly
scarped. To the south-east, however, a mere roll of the ground occurs much obscured by
surface soil, and beyond this the grey clays appear. The plant-shales are apparently con-
tinuous all over the basin.like area, and appear to form only one bed which rolﬁa about very
slightly at low angles, or is horizontal. The shale is white, pale-grey, or buffy-drab in
color, with in one or two places a little reddish or purplish mottling. The plant remains
occur scattered through the mass in a fragmentary condition, as if they bad been torn off’
by stormy winds and then drifted out to ses. In many places they are mixed up with
remains of marine animals, e. g., at Amarambode and Valerie.

The richest collections of fossils were made in the north-east corner of the basin where
the two sections above named yielded specimens of nearly every species in the Rajmahal
beds of the Madras area. In the western part of the basin animal remains were rarely found,
indeed plants were everywhere more frequent than animal remains. Of the plants several
species have been recognized as identical with species from the Rajmahal beds of Bel:Fnl
and Cutch. These are Pal@ozamia Cutchensis and acutifolium and a Dictyopteris. The
following genera of plants appear also to be represented among the specimens collected by
myself: Taxodites (?), Pterophyllum, Teniopteris, Sta;agerite:, Pecopteris, Lycopodium (?),
Poacites, and parts of exogenous stems perfectly silicified.

The animal remains which I discovered and collected included a considerable number of
bivalve shells which, according to Dr. Stoliczka, belong to the genera “ Leda, Yoldia, Tellina,
Psammobia, Lima, Pecten, &c., all forms with a remarkably thin shell, and the allies of
which are usually found living on sandy ground in from eight to ten fathoms of water.
Several exhibit a resemblance to species from the cretaceous rocks of Trichinopoly, but none
appoar to be specifically identical”.#

Besides the above were several small 4mmonifes referred by Dr. Stoliczka to the

% Dentati” group (but unfortunately not sufficiently well preserved for specific identification);
one a si conical chambered shell, (P a phragmocone) of apparently cephalopodous origin,
and some fish scales.

* See ‘General results from an examination of the Gu:w ue fauna of the South Indian Cretaccous deposits,
a Ferd. Btg‘lil:h,&& ?. G. B., Palzontologist, Geol Sarvey of India, page 69, in Vol. I of Records,
ey
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Reference has already been made to the different lithol(fiml charaoter of the rocks
ocourring in the southern part of the Sri area and to the absence of sections
by which to determine the relationship of the two sets of beds. The series of beds here'
met with consists of white, grey-buff and black sandy clays, and brown, buff, reddish-purple
and white gnt? sandstones. Ome of the pale-buff sandy clays contains remains of
Paleozamia snd Stangerites. None of the sections show the base of the series. From
its to hical position and petrological character I am inclined to think that this series
underlies the great “ plant-shale” bed.

Of very similar character and probably occupying the same relations to the “plant~
shales” is a series of gritty sandstones and shales exrxed in a fine section made by an
artificial channel running into the great Chumbrumbaucum tank on its north side. As
this section lies two miles outside of the Sripermatoor area and the intervening space is.
obscured by the laterite, the position of the series here seen relatively to the * Elnnt,-sba.les"
can only be guessed at. The Rajmahal character of these beds is groved by the finding of a
fragment of a Dictyopteris in one of the lower beds of shaley sandstone.

To the south-west of the Sripermatoor area the Rajmahal series arpears to extend to
some four miles beyond Conjeveram, for shaley and sandy beds of precisely similar charaster
underlying the Conjeveram gravels are to be seen in several well sections. The most westerly’
point at which nnqueationab?y Rajmahal plant remains were found was one mile to the south-
west of Rajah's Choultry.

In conclusion I may point out thatthese Rajmahal beds of the Madras area contrast in-
several respects with those of Be and Cutch. The Madras Jurassic, or Rajmahal, beds'
contain no carbonaceous matter, which in their equivalents in other parts of India occurs so
ln}'ely as to form coal seams. Nothing but silicified wood has been found in the Madras beds,
and unlike the Bengal beds, in the Rajmahal hills, with their great intercalated trap flows and
the Cutch beds, which are overlaid by trap flows of tertiary age, the Madras series is nowhere
penetrated by, or overlaid by, igneous rocks of any kind, nor in the least degree metamorphosed.
Another contrast, but of less importance, is, that unlike the Cutch beds, which are often of gay-
and bright colors, the Madras are remarkable for the dullness and sobriety of their-
coloring, a remark which applies also to their representatives in the Trichinopoly amd’
Nellore districts.

THE SUBMETAMORPHIC AND METAMORPHIC RoCks.

These demand hardly any notice in this place. The younger or sub-metamorphic series—
the Kuddapah group—does not come within the area treated of, except in one, and that possibly
a doubtful case (see page 11). The metamorphic rock series—the gneiss of SBouthern India—
also presents little of interest locally; near the coast it consists of alternating bands of

felspathic and hornblendic beds which run to some extent parallel with the coast line.
urther inland to the westward of the laterite and Rajmahal areas, the gneiss is more-
highly crystalline and largely itoid or syenitoid.in structure, and is traversed by a few -
trap Jykes intruded prior to the deposition of even the Kuddapah rocks.

ON THE ALLUVIAL DEPOSITS OF THE IRAWADI, MOBE PAKTICULARLY A8 CONTRASTED WITH
THOSE OF THE GaNgEs,—by Wu. THEOBALD, JUNR., EsQ., Geol. Survey of India.

It may fairly be presumed that the ontﬁx and growth of those extended alluvial
deposits, forming the plains through which more important rivers, carve their way to
the ses, were, in each several case, very similar, and that the history of the deposition of the
“loesa” of the Mississippi valley was but little different from that of the *loess” of the
Rhine. Each river system of course has its particular history, recorded in the alluvial
deposits of its basin, which, in some cases, afford a simple, in others an intricate, record of the

logical vicissitudes the area has undergone, and in tracing this record we are not un-
requently brought in contact with problems far more intricate and extensive in their

ing, than the apparently uninteresting character of the beds would suggest, and we have
here in India in the “loess” of our larger river basins, the same phenomena to account for,
which have so exercised the ingenuity ofg Geologists in the case of the *loess” of the Rhine.
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In every large river basin two distinct alluvial deposits will generally be met with, and this,
though it may seem a somewhat obvious fact to lay much stress on, has nevertheless been
overlooked in some instances, where its admission was necessary for the true explanation of
the geology of the district. One such instance is afforded in il.r Fergusson's paper in the
Quart. Geol. Jour., Vol. XIX, 1863, where the author, from not properly ing this fact, is
betrayed into advocating a theory of elevation of the beds supporting the “Madhopore
jungle” which he never would have been, had he rightly comprehended that he was dealing

not with ome, but with #wo groups of alluvial beds unconformable with each other. The

older of these groups may be either m‘:; ,,—l%, or of a mixed and alternating cha-

racter, but the newer group is essentially fluvio-lacustrine, and directly produced by the
existing river, albeit at one time, under surface conditions widely different from those now
existing ; the former of these groups I shall speak of as the older alluvium; the latter, as
the “newer” or “Gangetic” or “Irawadi” sll‘:xe:ium, as the case may be. One essential
distinction between these two groups, apart from mere stratigraphical differences, is, that whilst
no very considerable thickness of the newer group can anywhere have been deposited,
without a corresponding subsidence below of the area so raised at top, & very large accumula-
tion of the older or estuary beds may have taken place, during an elevation of the area
covered by them.

Under one of three conditions, every river discharges its waters into the sea, namely,
within an area of either subsidence, quiescence, or elevation, and how largely, not only the
character of the deposits of a large river are influenced by the prevailing conditions at the
time of their formation, but the physical peculiarities no less of the delta itself, I shall
endeavour to illustrate by the Irawadi, and the contrast which its delta presents to that of
its sister stream, the Ganges—as these two rivers, the Ganges and Irawadi, bappily furnish
us with examples of rivers subjected to respectively the first and last named conditions.

In the Ganges valley the development of the newer or Gangetic alluvium properly
80 called (or as I would propose to restrict the term) is very considerable, and its relation
and junction with the older deposits usually well defined. In the upper part of the valley
it is more or less restricted to the immediate neighbourhood of the river and to the narrow
limits within which the river alters its channel, but it at once spreads out on either bank
over a vastly broader area than before, 8o soon as we descend below the confluence, on their
respective banks, of the Gandak and Sén; the newer deposit assuming, east of those rivers,
much of the importance, as far as area goes, which the older group claimed to the west.
On the north of the Ganges, in the meridian of Purneah, the newer group is thirty miles
broad, which corroborates a native tradition, that that city once stood on the Ganges.*

Eastward from Purneah, in the direction of Rajshaie and Pubna, the newer deposits spread
over a wide tract of low-lying country, the older clay being, however, often but a few feet below
the surface, and exposed in the beds of tanks or other artificial sections. Where this clay
arises from beneath the newer group, we often find it (if not usuallg_) presenting a clearly
defined boundary, giving rise to an elevated tract of country, which offers a complete contrast
to the low-lying inundated land occupied by the newer alluvium—as an instance of which,
I may quote the narrow strip of clay oounht"y which runs down through the newer group,
and strikes the Ganges above the station of Rampore Beauliah, near Burgatchee. Sout!
of the Ganges, all round the Rajmahal hills, the boundary of the two groups is more
intricate, and in some of the railway embankments a curious contrast is aﬂ‘onfesd by the
difference in color of the clays belonging to different groups of which the embankment is
com the earth at one end derived from a patch of old kunker clay being a bright
reddish yellow, whilst at the other, it assumes a pitchy hue, from being taken from a belfof
the newer deposit, dark-colored from the accident of its forming part of the dried up bed of a

* It is &omible that this estimate may require to be but after examining the ground, I con-
cluded that the sandy beds north of Purneah pertained to the older rather than the newer group. Though near
Purneah very flat and low, they rise and undulate considerably as we approach the hills, and include pebbles

ually increasing in size as we go north (or towards the hills). The gradient of the ground, too, after g

eah, i8 at once doubled, going north, that of the thirty miles between Purnesh and the an?te' being uniform, go
that I think there are substantial grounds for holding the view I have given. The junction is, it is true, confessedly
obscure, but this is the result of the sandy nature of the surface beds of the older group, which readily commingle
and fuse, 80 to speak, with the newer dcposits, the important fact of the ient doubling along this line not being
cognizable to the eye,\m! where the kunker clay of the older group is juxtaposed to the sands and silts of the
newer alluvium the case is different and little ambiguity resalts.
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marsh close under the hills (trap) in which spots the soil often bears no inconsiderable
resemblance to the “Regur”* or dark cotton soil” so extensively spread over Central and
Western India.

If we follow the river by its most direct course to the sea down the Bhagirathi we see
the last of the older deposit or * kunker” clay in the steep bluff of Rangamatia (“stained
earth”) over 100 miles as the crow flies above Calcutta.

Below this to the sea all is Gangetic alluvium, which at Fort William, as revealed to us
by the boring operations for an artesian well, is about 70 feet in thickness, resting on the
denuded surface of the kunker clay, which is clearly indicated by the * rolled kunker pebbles”
strewn over it, and intersected at that de(gih by the bore. To consider, however, the older
deposit, merely in its aspect as regards the Gangetic basin, excavated in it, is to neglect a
great and important parz of its history, that is, the entire period during which the great
thickness of beds under Fort William, revealed by boring, of which it constitutes the highest
member, were being deposited. It is here we require to bear in mind the difference I
have insisted on, between the Gangetic group proper and this older group, for there
ap to me to be no such cogent reasons why we should consider these beds as
“ (g:zrgetic” deposits involving thereby a d:gression of several hundred feet, when it
seems a simpler solution equally supported by the facts of the case to regard them as estuary
deposits accumulated during an upward movement of the land. The fragmentary condition
of the matters brought up by the boring rod prevents any great weight attaching to the
mere presence of lacustrine shells and carbonaceous matters at a great depth, as the enormous

uantity of wood, vegetable trash aund lacustrine shells, swept out to sea, from a tropical
shore and forming in places matted rafts, must be ttjluitaa adequate to leaving a lasting record
in the marine strata formed in times past, no less than in those now forming in the Bay. It
will hardly be contested that at no very remote ﬁ:riod the sea bathed the southern slopes of
the Himalayas and stretched from the Bay of Bengal to the Persian Gulf, and to this period
during a rise of the land, and long prior fo the very existence of the present Gangetic valley
or drainage system, would I refer these deep- beds, one of the highest of which is the
“kunker ” clay which it has been the custom hitherto to regard as a Gangetic deposit. It
may be s0; but I have always held it to be marine on grounds quite independent of those
suggested by the Fort William bore.

I do not, however, wish to affirm that this kunker clay which in lower Bengal I regard
as :‘t:.; may not elsewhere prove to exhibit fluviatile characteristics, since in the upper part

of the Ganges valley, say above Chunar, beds intimately connected with it, certainly afford
fuviatile indications, and such variability is to be looked for in a_deposit accumulated under
such conditions as I have surmised ; for supposing an equable elevation to take place over
the whole area, still the accumulation of the coarser beds near the centres of supply of sedi-
mentary matter, will be more rapid than that of the more remote, and they will qonaequentli
begin first to exhibit marks of fluviatile action as the sea or estuary shoals, whilst no suc
indications will be afforded by the others deposited in deeper water, and this appears to me &
natural explanation of the fact of fluviatile beds occurring in the central and upper portion of
the Ganges valley, in intimate connexion with the kunkery clay which itself nowhere exhi-
bits any similar indications.

The reason, apart from any other considerations, which has mainly induced me to regard

the old kunker clay, of lower Bengal at least, as a :‘me deposit, is ﬁndmg it lng.h up on the
flasks of Patarghatta bill, which risce somewhat sbruptly from the alluvial plains cloge to
the river, some few miles above Rajmahal. At the time of my visit, the clay was being
worked in this position for lime, the kilns being placed near the foot of the hill for the con-
venience of * tipping” the * kunker” clay down to them. The occurrence of the clay at this

ini the probable derivation of the “Regur” from the destruction of
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-high level far above that attained by the rest of the bed in the neighbourhood can only be
inccounted for by one of three suppositions, either that it is a capping of clay carried up en
masse by the hill whilst being protruded up through the alluvial group surrounding it, a
supposition too unsupported by evidence to merit farther examination; or that it represents
a remnant of a once continuous bed of like character, which once continuously stretched
neross and occupied to a corresponding height, the country now forming the broad and low
lying vallege:f the Ganges, to which also the like objection applies as to the last; or lastly it
m& have been originally depoeited where we now see it on the hill side cotemporaneously
with the rest of the bed, occupying the plains, when Patarghatta hill constituted a rock,
sabmerged beneath the waters of that sea, which I have ‘grenously alluded to as at no dis-
$ant period occupying the plains of Bengal and upper India.

Much stress should not perhaps be 1aid on the negative evidence of an entire absence of
foesils in this clay, but had it been formed by annual increments during Gangetic floods, it
is not easy to understand how in such a homogencous clay, and one so well adapted to pre-
serve any mulluscous remains deposited in it, no shells are found, either such as occur so
abundantly in river rejectamenta; or Uniones, for which it must have formed in places
a congenial habitat.

In the Nerbudda valley a very similar clay occurs though at a Aigher level above the sea,
and though shells are not common in it, yet such shells do occur in places, as are usually
swept down into inundated tracts by river floods at present, as Bulimus pullus, Gray, Helix
Jullaciosa, Fer, &c., as well as fine specimens of Uniones with valves united as in life, of
species still living in the distriet (U. Indicus, Sow., and a fine variety of U. cwruleus, Lea.)

The above are my grounds for inclining to the belief in the m origin of the older allu-

vial clay, in lower Bengal at least, and I will close my remarks on it by briefly describing its
character and appearance. Where best seen, in some steep section on the bank of the Ganges,
it presents the appearance of a stiff homogeneous clay, of a mottled yellowish or pale buffish
hue reddening much by exposure to the atmosphere. It contains a small amount of fine sand,
the presence of which in the fields and watercourses of the newer group is an ili
indication of an approach to the boundary of the older. Dispersed through it also are
numerous small ferruginous concretions like shots, but no foreign Egdy either in the shape of
pebbles or organic remains®, have to my knowledge been found in 1t. In some parts, as in
the colliery districts about Ranigunj, where older groups of rocks cut out the alluvial deposits,
gravelly surcharged with pisolitic oxide of iron, varying from a ferruginous gravel
(in its consolidated shape termed laterite) to a bed sufficiently pure and unmixed to
constitute a workable ore, occur stratigraphically subordinate to this alluvial clay, but they
are mere local developments, varying in c%aracter, and influenced most probably by the
nature of the rocks constituting the neighbouring country. With the exception of these
gravelly, fermgi.nous and lateritic beds, which locally constitute a sort of bottom or
Junction bed of this clay, we have no knowledge of what it rests on save the rather meagre
nformation to be gathered from the Fort William bore, neither do we know with certainty
its total thicknesst or if any beds superior to it in position have ever covered it, except,
should my view of their relations be the correct one, the sandy beds which in Purneah and
the adjoining Zillahs seem to overlie, or perhaps in part replace it ; which ignorance arises
from the very uniform elevation over its entire area of so thick and homogeneous & bed, and
the general absence of artificial sections deep enough to pierce this.

Disseminated throughout this clay occurs the well known kunker or “gooting”, occa-
sionally in well defined nodules but more commonly in i lar stringy courses, and often so
intimately commingled with the argillaceous portion of the Ed, that the clay is dug in bulk
for the kilns. Where this bed forms the su of the country the more argillaceous portions
are washed out, leaving the kunker strings, sheets and nodules projecting, or forming on the
surface a sparse crust of “gooting” pebbles, and this is more observable in the um portion
of the valley than in lower Bengﬁf where the clay seems less rich in lime to the
north-westward. ] ,

¢ Bovine bones were found in a well near Patna, at 60 feet. T. OLpEAM.
t Ite thickness cannot be regarded as under 60 feet.

$ 8ir Charles Ly: of the uneh: haracter of this les. Vol. 1, 429. miles north
of Okloutta, Soubiiaes lnte da the aoe e e o e e . Y b viny) 14000
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I cannot here enter at length on the relation of either this clsy with that (the idemtity
of which I presume) of the Jumna valley, which has yielded the as yet undescribed “ Jumna
fossils” (mammalian) or with the ansalogous fresh water deposit of the Nerbudda valley,
80 rich in mammalian remains, but will content myself with remarking that the difference of
level between these two deposits is such, that the deposition of the one in a series of
morasses fed by a sluggish river (which seems to answer the indications of the Nerbudda
clay), might have ﬁne on simultaneously with the accumulation in a shallow sea of the
other of which the Rewah plateau in part formed the southern shore.

Having dwelt at some length on the older allavium of Be I will now pase to the
newer deposits, or Gangetic alluvium properly so called, which will require a much briefer
notice than the last. The newer or Gangetic alluvium comprises a very varied series of beds,
directly precipitated from the waters of the Ganges, or its tributaries. It is at once an extensive
and important group deposited within the trough excavated by the Ganges in the older clay,
or filling up such low lying tracts as receive the flood waters of the Ganges during its annual
inundations. It comprises some of the most fertile land in Bengal as in Tirhoot, which is

led the “ garden of India” where it is largely developed, as also in Purneah, Rajshaie, .

aldah, and in all the Zillahs which intervene een them and the sea. Its mineral
charaeter is very varied from a dark silty brown to a dazzling white sand, and in the sections
of the deposit exposed in the banks of the larger rivers we see nothing like the homogeneity
of the older clay, but a succession of beds of different thickness and various composition,
a8 18 the normal condition of an unmixed fluviatile deposit.

It loses something perhaps of its characteristic aspect, within the tideway where the
presence of tidal waters, and tidal mud, makes iteelf felt, but with the excepﬁoi of the belt
of country within the limits of the present tideway, it is essentially a typical river-deposit.
About Calcutta however, though its aspect is somewhat altered by the influence of the tides,

it must still be ranked asa J&—",%‘% deposit, as it contains several beds of peat clearly a marsh

accumulation and sufficient to stamp its character and origin. I am aware that at Calcutts,
and doubtless elsewhere within the tidal zone, oyster shells have been found and other relics
pointing to marine conditions, as soondrie wood ¢n site of growth, a tree which only flourishes
on land overflowed by the sea, but we must presume that this deposit during the whole

iod of its growth, of over 60 feet at Calcutta must have been evel(iy where traversed by
g::;) tidal creeks on the banks of which the soondrie tree flourished and in whose quiet depths
oysters and other marine organisms lived, and the bore at Fort William leaves small doubt

t since the epoch when the underlying older clay had been sufficiently elevated to form a
tract capable of supporting vegetation, & contrary movement of depression has been going
on at a rate which permits the accession of Ganizltic sediment at top adequately to counter-
balance the subsidence simultaneously going on below.

Let us now eomia.re with the alluvial groups in the Ganges valley as sketched above, the
similar deposits which occur in the valley of the Irawadi, prefacing the subject with a few
remarks on the physical character of the country which presents some features peculiar to it,
resulting from the geological structure of the delta.

The delta of the Irawadi is embraced between the Myit-ma-kha Choung, on the east,
which, under the name of the Rangoon river, falls into the sea below that town; and the
Bassein river on the west, which is given off as a small stream from the main river near the
village of Thambyadeing, and enters the sea near Negrais Island; Elephant and Poorian
Points which respectively mark the entrances of these rivers being 137 miles apart as the
crow flies. The in river forms naturally the most westerly arm of the Irawadi, though
at its origin its size is inconsiderable; but the Myit-ma-kha Choung rises near the town of
Prome, and running parallel with that stream first receives the snrplus waters of the Irawadi,
when flooded by channels which anastomose with it, opposite and below the village of
Pouktein, 45 miles above the origin of the Bassein river; Menghee, situated between
these two points, may therefore be fairly taken in our calculations as the head or apex of the
Trawadi delta ; on which supposition, as the distance from Menghee and Elephant and Poorian
Points is respectively 129 and 176 miles, the area of the entire delta is about 12,000 square
miles. By an independent calculation, I estimate the area of alluvial deposits within the
delta at 11,000 square miles, as some groups older than alluvial occur within the delta, but
no exast calculation can be made from the want of any, save an arbitrary boundary, of them
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to the eastward, where they creep round along the Gulf of Martaban, and blend with the
deposits of the Sittang valley. Proportioned thus regularly as the Irawadi delta is, as
regards contour, with its three sides respectively 129, 137, and 176 miles long, it may not
at once seem obvious how Mr. W. Blanford, in speaking of it, called it “a less perfect delta"
than that of the Ganges, I shall, however, endeavour to show wherein it differs essentially
from such delta of the Ganges, not in form, but in respect to its composition and history.

The most striking feature connected with it, is not its mere flatness, which is naturally
to be looked for in such an area, but its extremely low level. No definite assertion can of
course be made, but I think I am well within the mark when I say that 2,000 square miles
of this tract must be below the level of a high spring tide and fully as much more not
raised more than a foot or so higher. Passing through any of the creeks when a spri
tide is at its height, the water is seen pouring inland up every channel and watercourse, ':5
diffusing itself over both fields and uncultivated ground, and the conviction produced is, that
a permanent submergence of a considerable tract within the delta would be the result of the
water being maintained at the full height of the springs for any considerable period; as it
is, however, in the course of an hour or so, the tide falls and the flooded land relieves itse]
through the usual channels. This extremely flat character of the country may be surmised
from a mere inspection of the map, from the numerous lakes or “Engs” as they are called,
scattered all over lower Pegu, and from the anastomosing and often tortuous character of
even the largest river channels.

For instance, a little below the important town of Nyoung-don the Irawadi divides into
two nearly equal branches, each possessing the dimensions of a first class river, one branch
flowing south and discharging itself by the Dalla mouth, whilst the more westerly branch
enters the sea by the Irawadi mouth. Twenty-five miles as the crow flies below the point
of bifurcation of the two streams, is the & village of Tan-ta-lop Kyoung,to which I shall
hereafter refer, but following the bank of the former branch or Dalla river on which it is
situated, the distance is raised to 45 miles or nearly double. From the same point of bifurca-
tion, at the same distance as the crow flies of 25 miles, on the other branch or Irawadi river
is the important town of Shuay-loung; the distance to which, following the river bank, is
42 miles nearly.

Still more tortuous is the Daga river in some parts, which constitutes the most westerly
channel of the Irawadi within the delta, and which, though a far narrower river than either
of those above mentioned, maintains & deep and permanent channel. From the village of
Shekhabyeng to the point of discharge of the Daga lake, is, as the crow flies, 18 miles, but
mea.eure({ along the river bank the distance actually exceeds 56 miles, which will give a
notion of the extremely level character of the country it traverses—which character 1s not
confined to the delta merely, but marks more or less all lower Pegu, save in the vicinity of
the hills.

Such being the surface, character, and conditions of the delta we might not unreasonably
be led to expect within it a great development of the newer or Irawadi alluvium, but so far
from this being the case, the country is almost entirely composed of the older group to the
almost total supersession of the newer. This will be most forcibly realised from the state-
ment that the entire area (excluding the actual river channel) occupied by the newer or
Irawadi allavium in the valley, amounts to but 200 square miles, of which 60 miles is made
up of scattered patches adjoining the river, all lying above the bifurcation of the Dala and
(Bantansu) Irawadi rivers, whilst the remaining 140 square miles constitute an isolated tract
or oasis of recent deposits, below Pantanau, which seem to occupy an original trough or
depression in the surface of the older group. From this it will be aspa.rent, that with great
similarity of surface conditions between the deltas of the Ganges and Irawadi, great dissimi-
larity exists touching their geological constitution, the newer group of alluvial deposits so
largely developed in the former being, so to speak, absent in the latter. The cause of this,
briefly stated, is the fact that the delta of thg Irawadi at this present time is in precisely the
condition of the delta of the Ganges at the time when the first layers of Gangetic alluvium,
70 feet below the present surface at Calcutta, were being deposited, and when through the
single or joint action of deposition and elevation, the older marine group had become suffi-
ciently raised to admit the deposition of beds stamped with a fluviatile and terrestrial character,
and even the accumulation of such matters as peat, to permit of which the newly raised land
must have been at least as high above the sea, as the better raised portions o(’y the Irawadi
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delta; since then a steady downward movement of the Gangetic delta has permitted the
enormous accumulations of newer or Gangetic alluvium which covers so large an area in

whilst the fature can alone disclose if any similar movement of depression will ever
permit a corresponding accumulation of Irawadi alluvium in the delta in Pegu. That no
such movement has taken place hitherto is clear from the absence of the newer deposits
which would have originated in consequence of it, and moreover the proofs of a general
elevation are, as I sha.ﬁ show, sufficiently clear and undeniable.

Let us now consider how far the surface conditions which obtain in lower Pegn
correspond with the supposition above advocated, of a somewhat recent elevation of the country
from the sea (including; in the term elevation, the accessory agent of silting up), which, be
the area rising or sinking, is always going on in so shallow and protected an estuary as
the head of the Gulf of Martaban. e appearance of the bed of such an estuary as
that in question, would, on its first elevation above the sea, be that of a dead level regarded
as a wh&e—merely furrowed here and there by such channels as the drainage action of the
retreating waters would inevitably carve out in a plain of soft easily-removable matter. An
exception to this dead level character might here and there exist either in the shape of banks
of sand or other accumulations produced by currents; or depressions in the general surface
produced either by the locally increased set of currents preventing the deposition of sediment
or their absence altogether checking the delivery over particular localities of even the finer
sedimentary particles. If we endeavour to follow the history of these suppositious de-
pressions subsequent to their permanent elevation, and conversion into dry gand, we shall
thereby obtain a clue to the origin of the most prominent features at present of the Irawadi
delta, viz., the J:resence throughout it of innumerable small “engs” or lakes, the occurrence
of some of different character, such as the Daga lake, and the existence of the curious
isolated tract of newer alluvium, lying south of Pantanau. It is clear that in such a case
as that supposed above, one of three results must happen to any depressions which the
newly elevated surface may present. If the depressions are of small extent and of a shallow
character, they will be converted into small lakes or “engs” in the rainy season, and be
more or less egx-ied up and converted into grassy plains, such as are commonly seen in Pegu,
with a swampy navel perhaps in the centre, during the dry season. If the depression is of
larger dimensions, or receives a larger supply of water than evaporation can dispose of, it
drains itself naturally into the nearest or most accessible drainage channel in the country,
and this appears to be the case of the Daga lake.

Should again the depression be extensive, and, as its existence might be held to render
probable, it should be intersected or connected with one of the main drainage channels of
the country, it will in such a case be silted up by repeated accessions of flood waters charged
with sediment, and this appears to be the origin and history of the oasis-like tract of newer
alluvium near Pantanau, wll’:eich has all the aspect of being an extensive trough-like depression
in the original surface of the land, l{ing in the course of two of the largest branches of
the Irawadi, and in consequence speedily silted up to the level of the surrounding country
by its waters. '

The difference between this case and the last is one it may be said of degree, but
an aboriginal difference of level, though merely one of degree, produces exactly opposite
results. A moderate depression, such as the Daga lake (even cateris paribus and in
this case the und surrounding it is the higher), would, during the floods, as a rule,
discharge into the nearest river, whilst a greater depression, like the Pantanau trough, would,
during floods, never discharge into the river, but always itself be the recipient (¢4l silted
up) of the waters of the flooded stream.

The Daga lake may be now briefly noticed as it forms a curious feature in the district
I am describing. The Daga lake is an annular piece of water situated on the west bank
of the Daga river, 25 miles north-west from Pantanau. Its shape is irregularly oval, 2 miles
long, and varying from half a mile to a mile in width. It discharges its surplus waters into
the Daga river by a short channel of about £ of a mile in length, but from always remaining
full is probably as deep as the chanuel of the Daga river itself. It is economically valuable
as a fish preserve, and an account of the annual drawing of the lake is given by the
late M. O'Riley in the Journal of the Asiatic Society, Bengal. M. O'Riley speculates on
the mode in which it has been formed, but as he refers it to some vague intestine movement
of the neighbouring strata, I am unable to agree with his conclusions. Did such a piece of
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water occur in proximity to & large river.channel in lower Bengal, it would at once, and
probably correctly, be referred to a deserted bend or knuckle of the river, and such was my
impression in the present case before examining the ground. I anticipated finding a con-
siderable area of newer deposit of river silt marking the former extension of the Daga river,
but nothing of the sort exists, the permanent banks of the river displaying the ordi gection
of older clay, and the island occupying the centre of the lake being formed of the older cla
likewise. No other conclusion therefore remains but to regard it as an annular depression whioﬁ
originally existed on the surface of the older alluvium on its first elevation from the sea,
deepened, enlarged, and wrought to its present shape by atmospheric agency. Besides atmos-
pheric agency, which seems scarcely equal of itself to produce such a piece of water (else would
they be more common), even when aided by the original contour of the ground, I should
suspect some peculiarity in the soil constituting the bed of the lake. The older clay of
the delta is, 1t is true, remarkably homogeneous as a whole, but this is not inconsistent
with the occurrence in it of thin bands of a different composition. An instance in point occurs
to me in the Purneah district of Bengal, where a thin band-like portion of the older clay
usually so tenacious assumes almost the character of a quicksand by mixture with water,
forming a sludgy compound, easily removable by the action of either springs or a stream.
Some such band may very possibly occur in the older clay of Pegu, and if it occurred at
about the mean height of the water on the Daga river, or lower, it would go far to explain,
by the facility with which it would pulp down and flow away, the annular shaps of the lake,
which of course, however obscure the cause, is not purely fortuitous. In this view the
original depression of the ground may have been tri.&n.g, sufficient perhaps only to give
direction to the scouring action subsequently set up.*

A noteworthy point connected with the physical character of the delta of the Irawadi
is the more persistent character of the river channels in it. Towards the upper part of the
delta and above its proper limits, the Irawadi channel is never more than five miles broad
between its permanent banks as they may be termed, that is the opposite margins of that
trough scooped by the river in the older alluvium, and of which a considerable portion is
usually refilled with river deposits. Within the delta proper towards its mouth, the present
river channels are more permanent, and evince little tendency to deviate from their establish-
ed channel. Even such rivers as the Daga, which wind in the most oircuitous fashion in
a level country, exhibit no such tendency, aﬁ'ordinf in this respect a striking contrast to
the habit of rivers in the Gangetic delta. The Kosi for example oscillates from east to west
(its present direction) over an area of probably not less than 30 miles, and a town which
stoof on the west bank of its main channel at the period of my visiting it first, stood on
its east bank the following year, through the xe-opening and scouring out of a disused
channel in its westerly course. The station of Ra.mﬁe Beauleah is in like manner suffering
from the encroachment of the river, and so long back as 1855, steamers anchored where
houses once stood. Nothing too is a commoner process in the Gangetic delta than the
obliteration of & river channel, and its conversion into a fertile plain, a change not unfre-
quently effected in the course of a few years. Now, save wifgzin the narrowest limits,
nothing of this sort takes place in the Irawadi delta, and this is I think attributable to the
different constitution of its delta, and the absence of any extended development of the
newer group, within which the incessant changes in the Gangetic rivers take place, or in
other words owing to the greater and more equable resistance to erosion of an homogeneous
clay like the older deposit, than what is afforded by banks composed of newer silty deposits,
tng such fluviatile accumulations. Local peculiarities may in some spots cause a wasting of
the older clay, as at the important town of Nioungdon, where a great extent of sand flats
and shallows have resulted from the excessive denudation suffered by the older clay, giving
rise to a sprawling channel very different from the deep permanent chaunel usually seen in
the delta, but the cause is obviously a local one, the clay here resting on an incoherent pebbly
sand, which melts away and allows the overlying bed to topple into the river, and the
which is rather exceptional in Pegu in the older group produces the same result as in Bengal,
where it is an universal operation in the newer.

¢ Mr. O himself subsequently to the publication of the paper referred to, changed his view of the for-
mation of this “ lake”; and believed, ue.rtah:ldv ap) the much more rational and simple mode of aecounting
for its formation, that it is simply an unfilled-in bend, or as Mr. Theobald says * knuckle” of the river. Every-
thing seems to be in harmony with this view, and Dr. D'{_, in his recent Pishery enquiries in Burmah, was also

satisfled that this was the true explanation of the facts. OLpEAM,



part 1.] Ailuvial deposits of the Irawadi, §e. 25

It may perhaps seem strange, that, with so eminently level and low lying a tract of
country as I have described above, over which flood waters are repeatedly eﬁ'useg, no consi-
derable deposit of river sediment has taken place. The objection is to some extent plausible,
but I shall now hazard a few considerations which greatly diminish its force. In the first
place I would beg attention to the fact previously stated by me, which lies at the root of the
entire question, and that is, that the Irawadi delta is at this present time in the precise
condition which the Gangetic delta presented, when, in the latitude of Calcutta, the older
alluvium, now about 66 or 70 feet below the surface and considerably therefore below the
sea level, was nearly the height of the present surface and beginning to receive those ac-
cretions of fluviatile and lacustrine deposits which now constitute the 70 feet of newer
deposits whereon Calcutta stands, as before shown. This is precisely the condition of the
Irawadi delts, and a downward movement, with a corresponding development of fluviatile
beds, is all that is required to create a strict parallelism between the two deltas. For cor-
responding development I might perhaps rather say consequent develogment, as the deposi-
tion of any thickness of these fluviatile beds is proportionate to the subsidence of the area
occupied by them, hence their absence in any force, over any elevated area occupied by the
older group. At the same time I do not wish to be understood as denying that the flood
waters which cross the country leave no deposit, but only as insisting on the superficial
and I may say insignificant development of this group in Pegu, from the reasons above given.
‘When the entire country is composed of the older clay a thickness here and there of a
few feet scattered over the surface and that after a very sparing fashion, scarcely deserves com-
parison with the extensive and thick deposits of Gaungetic alluvium. In the river banks a
couple of feet at most, and this I consider an over estimate, of surface soil is seen, the
entire bank being composed of the old homogeneous clay. Farther removed from the
main channel the deposition of river silt is even more trifling on two accounts; firstly
from the more copious deposit of silt on the river bank, through the diminished velocity

of the gﬁ;’:’ﬂ waters, and secondly from a cause not usually sufficiently borne in mind. It

win

may seem pnmfloxica.l, but the low level and small inclination of the ground is a serious
obstacle to 1ts becoming silted as I shall show. When a cross country “spill” takes place
and flood waters charged with sediment traverse a low country, deposition of course takes
place, as when the floods of the Sén abandoning their proper channel pour irregularly across
the plains of Behar, and in place of falling into the Ganges above Patna, effect an irregular
discgarge for themselves below it. Very different, however, is the case of a river running
through so flat a country as the Irawadi delta, and possessing a rain-fall such as Pegu does.

The first showers of rain fill the numerous ‘“engs” or depressions scattered over the
country, and these gradually enlarging, submerge the country before the turbid floods of the
river have risen to a similar height. In default of any effective drainage, the ground
adjoining the rivers being higher than the flooded interior, the ordinary rain-fall of the
district 18 usually adequate to produce this effect, but the low land skirting the hills, receives
in addition considerable, though irregular supplies through streams which pouring out from
the hills diffuse themselves over the country, and lose themselves in the plains. A vast
quantity of sand is swept down and forms a sort of encroaching talus margining the plains,
but the somewhat depurated water mixed with the pure rain water of the plains, together
forms a body of water very limpid and free from sediment, though eventually often tinged with
brown from decaying vegetable matter. The turbid waters of the Irawadi now rising, top their
banks, but their course js soon arrested by the limpid water of the plains and may often be
traced holding on their course without mingling with the other by the contrast in colour
the two bodies of water present, and this balance of power of course tends powerfully to
reduce the deposition of silt to a minimum over these inundated plains and restrict it to the
immediate neighbourhood of the larger streams.

In appearance the older clay of the Irawadi valley much resembles the older clay of
Bengal, but it differs from it in being very deficient in lime, and rarely containing, and then
but sparingly, these calcareous concretions or kunkur which give a distinctive character to the
deposit in Bengal. It is a very homogeneous deposit throughout, but a thin dark band in it
shows that it dips seaward, or to the south, at a greater angle than the surface of the land,
which proves that the process of elevation has been greater inland than towards the gulf
of Martaban. This is quite in accordance with evidence of an increased elevatory move-
ment as we proceed up the coast, northward. Towards Cape Negrais no prominent signs



26 Records of the Geological Survey of India. [voL. mr.

of elevation present themselves, but as we approach Gwa we find gradually proofs of a some-
what recent rise of the coast, in the shape of coral banks raised above the present limits
of its growth and in the presence, a few feet below the surface in the plains now removed
from the shore, of shelly sand and shells of species livinf on the coast. Above Myanoung this
dark band is cognizable high above the dry season level of the river, but within the tideway
it ocours about midwater mark or lower, and is in many places dug out for pottery, being
highly plastic and adapted for such purposes. .

Towards the top of the tideway the older alluvium or yellowish clay rests on a pebbly
sand, which is visible at Nioungdon, where it is rather better d:%;l%?q than usual. This
sandy bed is doubtless the homologue of those extensive beds of gravel which towards the
frontier, underlie the older clay. (gpposite the village of Monyo, near Nioungwaing, gold
washings are carried on in the bed of the river on a shingly bank which belongs to these
coarse gravels, and these gravels are probably the source of the gold which in many spots
is oocasionally washed for in the Irawadi, though the returns are too poor to attract con-
tinuous labor. This older clay is not confined to the valley of the Irawadi, but occurs like-
wise in that of the Sittang—and, which is rather difficult to account for on any other
hypothesis than that which I have adopted, of its estuary origin, in the upper parts of the
river valleys on the side of the Arakan Coast. In some of these valleys it is seen deeply
cut through by the river channels, and very often appearing little more tian a remnant of
a once extended deposit. In such positions it is often masked and covered over by an enor-
mous accumulation of rocky detritus swept down over it by rains from the adjoining precipi-
tous hills. This is not a situation favorable to the accumulation of a homogeneous clay,
through long-continued fluviatile action, but rather g:ints to a period when its equable
diffusion took place within the sea. The coarse gravels which underlie the clay to the
upper portion o¥ the delta and towards the frontier are clearly of marine origin, as no other
agency is adequate to formations of such coarse shingle as that in question. Opposite Prome
this gravel rises to upwards of 60 feet above the flood level of the Irawadi and is fully 30 feet
thick reposing on miocene strata. The older clay is not seen here being apparently denuded,
but at Thaietmio the relation of the two beds is well seen. In the neighbourhood of Thaiet-
mio, this gravel contains numerous well worn and rounded pieces of fossil wood, six inches
in length and occasionally logs two feet and upwards in length. These logs have, of course,
not travelled far, and are derived from the miocene sands containing silicified wood in the
neighbourhood. Their presence, however, with other hard rocks, in well-rounded lumps is
clearly indicative of their origin in situ as a marine shingle'bank. Equally conclusive is the
thick deposit of coarse shingle comprising well-rounded boulders, many of six and nine inches
in lengtlll)oof the hardest schists, exi in the river bank under the old Fort of Miade
above Thaietmio on the opposite bank, and I can draw no other conclusion from these
deposits, than that, anterior to the deposition of the older clay, they formed shingle banks
in a shallow sea or estuary in which their hard silicious ingredients were rolled about and
polished down as we find them in the gravel. Having in a previous notice described the beds
whence the fossil wood has been derived I need not here allude to them, but I think I may
confidently assume that marine and not atmospheric afency was the force employed in the
removal (in part at least) of these fossil-wood beds, and in reducing the silicified trunks so
abundanozlg contained in them into the innumerable smoothed blocks, boulders and pebbles of
fossil wood 8o characteristic of the Irawadi gravels.

I will conclude my remarks on the Irawadi alluvium by pointing out the effect to man,
and the extent to which his industry is affected by what might seem merely a trivial or
theoretical difference between the delta of the Irawadi and Ganges. I have already shewn
that within the Irawadi delta, but 200 square miles occur of the newer or Irawadi alluvium
proper, but without affcting to estimate the area occupied by the corresponding Gangetic
alluvium it may be taken as far more than two hundred times that amount. Now, it 15 on
this newer alluvium that the finest indigo is grown, and indigo and m—u.l%;ﬁ may be said
to be the two main staples of the zillahs in Bengal occupied by the newer deposits. Not
only this, but the newer alluvium will produce any crop required of it, either rice, sugar, _
opium, oil seeds, &c., and hence from the occurrence of these mewer deposits over so larEe
an area in Bengal, that province has acquired the name for fertility it possesses. In the
Irawudi valley, in place of this fertile deposit, we have the older alluvial clay, which,
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though where it forms an undulating country, or beyond the limits of the delta, and on the
upper part alike of Pegu or Benqal. is capable of producing valuable crops of various deserip-
tions, yet where it occupies such low land as the delta, is fit to sustain nothing so well as rice
crops; and hence the inability of the delta of the Irawadi to compare in richness with that
of the Ganges, or to furnish in like abundance the various products, which a seemingly trivial
difference in geological composition enables her more favored sister the Ganges to produce.

Rangoon, 15tk June 1869,

.
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Titles of Books. Donors.
Bairy, W. H.—Figures of Characteristic British Fossils, with descriptive remarks. Part
II. 8vo., London, 1869.
BENEDEN, VAN AND GERvals, PauL.—Ostéographie des Cétacés vivants et fossiles. Part
V, 4to., Paris, 1869.
BrainviLLe, H. M. Ducroray pe.—Ostéographie ou description Iconographique comparée du
squelette el du systeme dentaire des Mammiferes recents et fossiles,
our servir de base & la zoologie et & la géologie. XX VI Liv., 4to.,
aris, 1864.
Breek, W. H. J.—On the Origin of Language, 8vo., New York, 1869.
BroxN's, DB. H. G.—Klassen und Ordnungen des Thier-Reiches, Vol. VI, Abtheil. 1V,
Lief. 2, 8vo., Leipzig, 1869.
BrowN, CaPTaIN T.—Illustrations of the Fossil Conchology of Great Britain and Ireland,
with descriptions and localities of all the species, 4to., London, 1849.
CorreaU ET TR1GER.—Echinides du département de la Sarthe considérés au point de vue
zoologique et stratigraphique, 8vo., Paris, 18556—1869.
DEsog, E., et Lorior, P. pe.—Echinologie Helvetique. Descriptions des Oursins fossiles de
la Suisse, Liv. 2, 3, 4to., Paris, 1869.
Drury, Cor. H.—Hand-Book of the Indian Flora, Vol. I11, 8vo., London, 1869.
GOVERNMENT OF MADRAs.
HEeLLeE, ProF. Cam.—Die Zoophyten und Echinodermen des Adriatischen Meeres. (Pub-
lished by K. K. Zool.-botan. Gesells. in Wien), 8vo., Wien, 1868.

LinpeNscEMIT, DB. L.—Die Altherthiimer unserer heidnischen Vorzeit. Band. II, Heft, 11.
(Published by “Romisch-Germanisches Central Museum in Mainz”),

4to., 1869.
MapseN, A. P.—Antiquités Préhistoriques du Danemark, dessinées et gravées, 4to., Copen-
hague, 1869. )
Magcor, J.—Notice sur les cartes géologiques de Victoria (Australie) et des Iles Britan-
niques, 8vo., Paris, 1868. THE AUTHOR.
” Geology of North America, 4to., Ziirich, 1858. THE AvuTHOER.
v Lettres sur les Roches du Jura et leur distribution géographique dans les deux
hémispheres, Parts 1, 2, 3, 8vo,, Paris, 1857-60. TaE AUTHOR.

» Reply to the Criticisms of J. D. Dana, 8vo., Ziirich, 1859. THE AUTHOR.
Mzexnge, A.—Ueber Einen Scorpion und Zwei Spinnen im Bernstein. Pamphlet, 8vo., 1869.
MiinLBERG, F.—Ueber die erratischen Bildungen im Aargan und in den benachbarten Theilen

der angrenzenden Kantone, 8vo., Aarau, 1869.

NEeiLeeicH, De. A.—Die Vegetationsverheltnisse von Croatien. (Published by K. K. Zool.-
botan. Gesells. in Wein), 8vo., Wien, 1868.
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Titles of Books. Donors.

OosTER, W. A., UND O0sTER, C. voN Fiscaer.—Protozoe Helvetica, Mittheilungen aus dem
Berner Museum der Naturgeschichte iiber merkwiirdige Thier—und
Pflanzenreste der schweizerischen Vorwelt, Vol. I, Abtheil 2, (schluss),
4to., Bern, 1869.

PrEeIrFER, DR. L.—Malakozoologische Blitter, Vol. I to XV, 1864 to 1868, 8vo., Cassel.

PicteT, F. J.—Matériaux pour la paléontologie suisse, ou recueil de monographies sur les
fossiles du Jura et des Alpes, 4th Serie, Part 3, 4to., Genéve, 1869.

QuaRiTcH, BERNARD.—A General Catalogue of Books, 8vo., London, 1868.

ReINwaLD, P. C.—Catalogue annuel dela Librairie Frangaise, onzieme année, 1868, 8vo.,
Paris.

ScaLIcHT, E. voN.—Die Foraminiferen des Septarienthones von Pietzpuhl, 4to., Berlin,
1870.

TroscHEL, DR. F. H.—Das Gebiss der Schnecken zur Begriindung einer natiirlichen Classifi-
cation, Band II, Lief 3, 4to., Berlin, 1869.

TveroN, DR. W.—Conchylia Insularum Britannicarum. The shells of the British Islands
systematically arranged, 4to., Exeter, 1822.

WEeINEAUFF, H. C.—Die Conchylien des Mittelmeeres, ihre geographische und geologische
’ Verbreitung, Band II, 8vo., Cassel, 1868.

PERIODICALS.
American Journal of Conchology, 1869-70, Vol. V, Part 1, 8vo., Philadelphia, 1869.

” » of Science and Arts, 2nd Series, Vol. XLVIII, No. 142, 8vo., New Haven,
1869.

Annals and Magazine of Natural History, 4th Series, Vol. IV, Nos. 21, 22, 23, 8vo., London,
1869.

Annals des Mines, 6th Series, Tom. XV, Liv. 2, 3, Tom. XVI, Liv. 4, 8vo., Paris, 1869.
L’ADMINISTRATION DES MINES.

Bibliotheca Indica: a Collection of Oriental Works, New Series, No. 162, 4to., Calcutta,
1869.
GOVERNMENT OF INDIA.

Geological Magazine, Vol. VI, Nos. 9, 10, 11, 8vo., London, 1869.
Engineers’ Journal, India, (New Series), Vol. XII, Nos. 20, 21, 22, 23, 24, 4to., Calcutta,
1869.

Indian Economist : & monthly Journal devoted to Economic and Statistical Inquiries con-
cerning India. Vol. I, Nos. 1, 2, 3, 4, Folio, Calcutta, 1869.
. GOVERNMENT OF INDIA.

Journal de Conchyliologie, 3rd Series, Tom IX, No. 4, 8vo., Paris, 1869.

Memoirs of the Geological Survey of Indis, Vol. VII, Part 1, 8vo., Calcutta, 1869.
: GEroLoGIcAL SURVEY oF INDIA.

LeonHARD, G., UND GEINITZ, H. B.—Neues Jahrbuch fiir Mineralogie, Geologie und Palzon-
tologie. Jahrgang 1869, VI, 8vo., Stuttgart, 1869.

PrrIrFeR, DR. L.—Novitates Conchologicae, I Abtheil, 356 Lief., 4to., Cassel, 1869.
Dunker, De. W.—Novitates Conchologicae, IT Abtheil, 15 Lief., 4to., Cassel, 1869.
Rouer Dr. E.—Novitates Conchologicae, Suppl. III, 18-19 Lief, 4to, Cassel, 1569.

LiscakE, Di. C. E.—Novitates Conchologicae, Abbildung und Beschreibung neuer Conchylien,
Suppl. IV, Lief, 1 to 8, 4to., Cassel, 1869.

Palwontographica, XVI, 7, XVII 3, XIX, 1, 4to., Cassel, 1869.
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Titles of Books. Donors.
Paléontologie Francaise, ou description des animaux invertébres Fossiles de la France, Terrain
Jurassique, Liv. 13, Echinodermes, 1867, Liv. 16, Gastéropodes,
Tome 11, 1869, Liv. 17, Echinodermes 1869, Liv. 18, Echinodermes
1869, Liv. 19, Zoophytes, 1869, 8vo., Paris.

" PETERMANN, DE. A.—Geographische Mittheilungen, 1869, Part VII, VIII, IX, 4to., Gotha,
1869.

Professional Papers on Indian Engineering, Vol. VI, No. 25, 8vo., Roorkee, 1849.
Quarterly Journal of Microscopical Science, New Series, No. XXXV, 8vo., London, 1869.
Quarterly Journal of Science, No. XXIV, 8vo., London, 1869.
Statistical Reporter : a monthly Journal of Statistical Enquiries concerning India, Vol. I,
Nos. 1, 2, 8, 4, Folio, Calcutta, 1869.
GOVERNMENT OF INDIA.

Records of the Geological Survey of India, Vol. 11, Part 4, 8vo., Calcutta, 1869.

GEOLOGICAL SUBVEY OF INDIA.

Revue Universelle des Mines, de la Metallurgie, &c., Tomes XXV et XX VI, Livraisons
3me et 4me, 8vo., Liege, 1869.

GOVERNMENT SELECTIONS, &C.,—(From the Governments.)

BeNgaL.—Report on the Revenue Survey operations of the Lower Provinces from 1st Octo-
er 1867 to 30th September 1868. Masor MACDONALD.

» Report on the Jails of the Lower Provinces of the Bengal Presidency for 1868,

ol. I. Appendices to the Report on the administration of the Jails of the

Lower Provinces, Bengal, for 1868, Vol. II —by Dr. F. J. Mouat, Roy. 8vo.,

Calcutta 1869. GovT. oF BENGAL.

» Fifth Annual Report of the Sanitary Commissioner with the Government of India,
1868. With appendices containing Returns of Sickness and Mortality amon

the British and Native Troops; and also among the Prisoners in the Bengas

Presidency for that year. Folio, Calcutta, 1869. Govr. oF BENGaL.

BoymBay.—Selections from the Records of the Government of Bombay, No. 114, New Series,

with a map in separate case. Roy. 8vo. Bombay, 1869.  Govr. or Boupay.

BrimisE BurMaH.—Annual Gaol Report of British Burmah for 1868. Extract from Pro-

ceedings of Home Department, 8vo. Rangoon, 1869.
CHiEr CoxuR., BRITISH BURMAH.

Report on Trade and Customs for 1868-69. (Financial Department) 8vo.

” ”

Rangoon, 1869. CHiEr CoMMISSIONER.
HypeEraBAD.—Report on the Administration of the Hyderabad Assigned Districts, for the
year 1868-69, 8vo. Hyderabad. THE RESIDENT.

Ixp1a.—Report of the Government Astronomer upon the Proceedings of the Observatory, in
connexion with the total eclipse of the sun on August 18th, 1868, as observed at
Masulipatam, Vunpurthy, Madras, and other stations in Southern India. 8vo.
1869. Govr. oF INpia.

Catalogue of Maps, 2nd Edition, published at the Surveyor General’s Office. Folio.
Calcutta, 1869. SURVEYOR GENL. OF INDIa.

Mapras.—Annual Report on the Administration of the Madras Presidency during the year
1868-69, 8vo. Madras, 1869. GovT. OF MADRAs.

MrysorE.—Report on the Administration of Mysore for the year 1868-69, Roy. 8vo. ~Mysore.
CuieF CoMMR., MYSORE.

Report on the Administration of Coorg for the year 1868-69, 8vo., Bangalore.
Cuier CoMumR., MYSORE.

Report on Public Instruction n Coorg for the year 1868-69, 8vo., Bangalore.
CHigr CoMMR., MYSORE.

2
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T¥tles of Books. Donors.

N. W. ProviNces.—Selections from the Records of Government, North-Western Provinces,
Second Series, Vol. II, No. 3, 8vo., Allahabad, 1869.
Govrt. or N. W. PRovINCES.

" Selections from the Records of Government, North-Western Provinces,
2nd Series, Vol. II, No. 4, 8vo., Allahabad, 1869.
Govr. oF N. W. PROVINCES.

» Report on the Administration of the North-Western Provinces for the
year 1868-69, 8vo. Allahabad, 1869.

OupH.—S8elections from the Records of the Government of the Province of Oudh, Groves,
8vo. Lucknow, 1869. Cuier CoMMR., OUDH.

»  Sanitary Report for Oudh, 1868-69, Folio, Lucknow, 1869. CHIEF CoXME., OUDH.
» Statist%cal Committee Forms, to accompany the Annual Report of the Province of

Oudb, 1868-69, Folio, Lucknow, 1869. CHigF CoMMR., OUDH.
PuxsaB.—Report on the Administration of Civil Justice in the Punjab and its Dependencies
during the year 1868, Folio, Lahore, 1869. Punisas Govr.

” Report on the Sanitary Administration of the Punjab, 1868, Folio, Lahore, 1869.
PuxnJas Govr.

Report of the Inspector General of Dispensaries in the Punjab for the year 1868,

Folio, Lahore, 1869. Punsas Govr.
» Report of the Inspector General of Prisons in the Punjab for the year 1868
Folio, ore, 1869. PuNJsaB GovrT.

TRANSACTIONs OF SOCIETIES, &c.
BERLIN.— Zeitschrift fiir Ethnologie. Heft. II, III, IV, for 1869 8vo. Berlin, 1869.
BosToN.—Proceedings of the Boston Society of Natural History, Vols. I to V, 1841 to 1856,
8vo. Boston.
» Boston Journal of Natural History, Vols. I to V, 1834 to 1847, 8vo. Boston.
BesLau.—Abhandlungen der Schlesischen Gesellschaft fiir vaterlendische Cultur, Philoso-

phisch-Historiche Abtheilung, 1867, 1868, Heft 1., 8vo., Breslau.
THE SoCIETY.

Abhandlungen der schlesischen Gesellschaft fiir vaterleendische Cultur, Abtheilung
tiir Naturwissenschaften und Medicin, 1867-68. 8vo. Breslau 1868.
THE SOCIETY.

Jahres-Bericht der Schlesischen Gesellschaft fiir vaterlendische Cultur, 45, ster
Jsahrg. 1867., 8vo., Breslau, 1868.

”

”»
THE SOCIETY.

Verzeichniss der in den Schriften der schlesischen Gesellschaft fiir vaterlendische
Cultur von 1804 bis 1863, incl., erschienenen Abhandlungen, 8vo.
Breslau, 1868. THE SOCIETY.

BruxgLLES.—Bulletin de 1' Academie royale des sciences et belles-lettres de Bruxelles, Tom.
IX, Nos. 1, 2, 4, b, 6, 8vo. Bruxelles, 1842.

Carcurra.—Journal of the Asiatic Society of Bengal, Vol. XXX VIII, Pt. 1, No. 8, 8vo, Cal-
cutta, 1869. THE SOCIETY.

Proceedings of the Asiatic Society of Bengal, No. X. 8vo. Calcutta, 1869.
THE SOCIETY.
Journal of the Agricultural and Horticultural Society of India, New Series, Vol.
I, Pt. 4., 8vo., Calcutta, 1869. THE SOCIETY.

CassEL.— Zeitschrift fiir Malakozoologie, Vols. III to X, 1846 to 1853, 8vo., Cassel.

CornwaLL.—Royal Geological Society of Cornwall. The fifty-first to fifty-fifth annual
Reports of the Council with the President’s address, &c. &c., 8vo,
1868-69. THE SoCIETY.

”

”

”
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DrespEN.—Sitzungs—Berichte der Naturwissenschaftlichen Gesellschaft Isis in Dresden,
Jahrgang 1869, Nos. 4 to 6, April, Mady, June, 8vo., Dresden, 1869.
ESELLSCH. Isis, DRESDEN.
DusriN.—Journal of the Royal Dublin Society, No. XXXVIII, 8vo., Dublin, 1869.
THE SocCIETY.
” Journal of the Royal Geological Society of Ireland, Vol. II, Pt., 1, 1867-68
8vo., Dublin THE SocCIETY.
HaNovVER.—Zeitschrift huMalnkozoologie, Vols. 1, II, 1844-45, 8vo., Hanover.

LoxnpoN.—Journal of the Society of Arts, &c., Vol. XVII, Nos. 872, 873, 874, 875, 877,

882, 8vo., London, 1869. SocieTY oF ARTS, LoNDoON.
» Proceedings of the Royal Society, Vol. XVIII, No. 114, 8vo., London, 1869.
THR SocIETY.
2 Proeeedmgs of the Royal Geographical Society, Vol. XIII, Nos. 3, 4, 8vo., London,
THE SoCIETY.

Moscow.—Bulletin de la Soctébé Imperiale des Naturalistes de Moscow, Vols. 1 to XIII, 1829,
to 1839, 8vo., Moscow.

” Bulletin de la Société Imperiale des Naturalistes de Moscow, Tom. XIII, No. 3, 8vo.
Moscow, 1868. THE Socm'n
» Nouveaux Memoires de la Société Imperiale des Naturalistes de Moscow, Tom, 1
to X, 1829 to 1855, 4to. Moscow.
ParerMo.—Giornale di Scienze Naturali ed Economiche, Vol. V, Part 1, 4to. Palermo.
THE SoCIETY.
Paris.—Bulletin de la Société Géologique de France, 2nd Series, Tom. XXV, 8vo., Paris,
1867 4 1868. Tm: Socm’rv
PHILADELPHIA.—Journal of the Franklin Institute, 3rd Series, Vol. LVIII, Nos. 1,2, 8vo.,
Philadelphia 1869. FRANKLIN INSTITUTE.
» Transactions of the American Philosophical Society, Vol. X, New Series,
4to. Philadelphia, 1853. THE SOCIETY.
ToronTo.—Canadian Journal of Science, &c., New Series, Vol. XII, No. 3, 8vo. Toronto, 1869.
CANADIAN INSTITUTE.
ViENNA.—Jahrbuch des Osterreichischen Alpen—Vereines, Bd. V, 8vo., Wien, 1869.

» Verhandlungen der k. k. Zool..botan. Gesellsch. in Wien, Vol. XVIII, 8vo.,
Wien, 1868.
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GEOLOGY OF GWALIOR AND VICINITY, by CHas. A. Hacker, Esq.,, Geological
Survey of India. .

The following observations will be confined to the southern part of the country near
to Gwalior, included in Sheet No. 1 of the Gwalior and Central India Topographical Survey,
the northern part being covered by the alluvium, which I did not examine very closely.

Physical features.—The southern part of the area is traversed by six ranges of hills;
three of these have an east and west and the other three a north-east and south-west
direction. Of the three east and west ranges, that to the south, extending from near the
town of Par on the west, to the Sindh river on the east, is between 3 and 400 feet above
+ the level of the plain to the south and presents a steep scarp in that direction. The other
two are not so high and are less continuous; the northern range, that north of Gwalior,
being formed of a line of isolated hills.

The three north-east and south-west ranges are the continuation of ranges extending to
the south beyond Sipri. All of them present a steep scarp to the south-east, and incline,
at a small angle, in the opposite direction, roughly parallel to the dip of the rocks.

Two series.—The rocks forming the east and west line of hills belong to an entirely
different series from those forming the north-east and south-west line; the former being
formed of the GwaLIOR SEBIES and the latter of the UrPER VINDHYAN.

Unconformity.—These two series are totally unconformable to each other, the former
baving been immensely denuded before the deposition of the latter. In fact, I shall show
_ presently that the principal physical features of the Gwalior series, viz., the Par scarp
and the two valleys included between the three ranges of hills, were in existence previously
to the deposition of the Upper Vindhyan series.

Crystalline.—The narrow strip of country south of the Par scarp is occupied by the
crystalline rocks. But except on the scarp and a few hillocks in front of it, the rocks are
mostly covered by the alluvium. This area is also traversed by numerous quartz
veins ; some of these extend for many miles in length, and attain to a height of 2 or 800
feet above the plain. Further south, these quartz veins are more numerous, longer and some-
times upwards of 500 feet high.

CRYSTALLINE Rocks.

22ar scarp.—As only a small area of these rocks is extposed within our limits, my observa-
tions upon them will be very brief. The greater part of the Par scarp is formed of gneiss.
Where highest there is only a capping of a few feet of the Par quartzite, the lowest member
of the Gwalior series; butin most of the deep bays, which have been worn out of the
scarp, and east of Deogurh where the scarp is cut back by the Sindh river, no gneiss is seen,
but the quartzite extends down to the level of the plain.

The gneiss in the scarp is in a very decomposed state, and & good deal covered by the
debris of the quartzites, &c. The foliation is obscure, but in places 1t can be traced ; the strike
appeared to be east-20°-north.

The gneiss moet often seen in the scarp is composed of red felspar, quartz, and black
mica ; frequently the mica is entirely absent, and sometimes steatite is very abundant.
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Another variety of the gneiss occurs at the base of the scarp, at the western end, from
Deogurh to Ladera, and also in the hillocks near the latter place. The differences between
the two varieties are strongly marked ; this second variety is far less decomposed than the
former ; the hillocks by LaXera are formed of large blocks of it, some as much as 20 feet
across. Foliation cannot be traced, and the felspar in it is white. Many sections of the
junction between the two varieties are exposed in the scarp, in all of which the boundary

tween the two is well defined, the particular characters of each being as strongly marked
at the junction as at some distance from it.

Quartz veins.—The strike of most of the quartz veins which traverse the gmeiss is
porth 30° to 40° east, but I have met with one or two with a strike of north 10° to 20° west.
These veins often run into the Par scarp at a height equal to the height of the scarp. Near
the town of Par one of these veins can be for some distance through the quartzite;
on either side of the vein the quartzite contains the debris of the quartz vein.

THE GWALIOR SERIES.

This series of rocks, named after the city of G walior, which is built on it, occupies but
a small area in this district; the greatest length along the strike of the rocks being about
50 miles and breadth about 15 miles. .

The series is composed of a variety of rocks consisting of quartzite, sandstone, limestone,
jasper, and contemporaneous trap. The strike of the rocks is east and west, and the dip
towards the north seldom at a higher angle than 3°.

1 shall divide the series into two groups, viz.,—
THE PaR GROUP AND THE MORAR GROUP.

The first, the lower in the series, consists principally of a quartzite sandstone and some
shales ; the second includes by far the greater &mkneu of rocks; but in this group, there
is no bed sufficiently strongly marked or continuous along the strike to be used for the pur-
pose of sub-dividing the group.

Par quartzite—The Par quartzite rests directly on the gneiss; and occupies the top of
the escarpment extending from a little west of Par east to the Sindh river.

That the quartzite was deposited upon a very irregularly denuded surface of the gneiss
can be seen where the quartz veins penetrate the scarp, as at Goojurra. The gneiss on
either side of the vein had been denuded considerably below the general level, and on the
east side to a lower level than on the west.

In the scarp behind Par one of these quartz veins can be traced nearly a mile through
the quartzite. The vein south of the scarp runs about north-20°-east, and at the top
along this line the vein is sometimes seen in the quartzite and at others is covered by it.
For several yards, on either side of this line, the quartzite encloses large pebbles of quartz
evidently derived from this vein.

A few inches of the base of the quartzite is conglomeritic, being formed of rolled pebbles
about the size of a pea, enclosed in a matrix of red decomdposed felspar ; above this it
becomes very fine in texture, of a greyish color and regularly and thinly bedded.

Tl ickness—The thickness of the Par quartzite varies considerably. In some places.
as on tho top of the scarp behind Par, there are only a few feet of it between the gneiss and
the Morar group, but whenever a section of the quartzite is exposed some distance north
of the scarp, a far ter thickness is seen. 1In the gadh ano gorge, situated between three
and fzgr miles north from the edge of the scarp, there is nearly 150 feet of the quartzites
exposed.

Shales.—At the east end, about a mile north of the main scarp, there is a second scarp,
about 100 feet high, formed of about 40 feet of green and red earthy, slightly micaceous
shales at base, capped by about 60 feet of quartzite. These shales do not appear to the
west, but are overlapped by the quartzites in that direction.

At the top of this group there is locally a very peculiar rock. Its greatest thickness
is not more than six feet. It is best seen near Bara. East of this it is occasionally met
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with, but to the west it is not seen in situ. This peculiar bed is very irregularly denuded.
Just south of Bara Castle channels are cut through it to the depth of the bed, leaving the
rock standing in columns some feet square, and large and irregular patches of it extend for
nearly a mile towards the south.

The following is a sketch section of this peculiar bed : —

a—Par quartzite; bb* —Peculiar bed; c—Bhales, &c., of Morar group.

The bed presents some variety. At the point b,% it is composed of alternations of
limestone and silicious bands; the former being softer are more worn, leaving the latter
in projecting bands round the columns. The silicious bands weather into a very uneven
honeycombed surface. Dr. Stoliczka informs me that they are formed of corals. In the
outlying patches south of Bara b5, the limestone is entirely absent, and the bed is com-
posed of a compact quartzite, often of a peculiar oolitic structure.

Small patches of this bed are seen resting on the Par quartzite eastwards almost as
far as the Sindh river, but the bed is thin, and the limestone absent.

Mozrar Grour.

The rocks of this group consist of argillaceous shales, finely laminated ribboned jasper
and hornstone beds, frequently exceedingly ferruginous, but in places the iron is entirely
absent. There is also some thickness of limestone having the. same ribboned structure, the
bands of limestone from } to 2 and 3 inches thick alternating with silicious bands varying
from a line to an inch in thickness. The silicious bands are og;en of red jasper.

Trap.—The group includes several spreads of contemporaneous trap, one of them
of great thickness and extent.

Thickness.—It is difficult to estimate accurately the thickness of this group, as in
ts of the section the beds have a slight roll, but I should say that it must be at least
,000 feet thick.

. The line of junction between the rocks of this and the Par group is marked by a slight
rise in the ground, seldom more than 30 feet above the top of the Par quartzite.

It is an irregular line, roughly parallel to the Par scarp. At the west end it is only
"a few yards north of the scarp; but eastwards the distance gradually increases, until oppo-
site Deogurh, there is a distance of nearly five miles between the two.

Badhano.—The only actual junction between the two groups seen along the line is
at Badhano. Here resting immediately on the Par quartzite are about 30 feet of white,
reddish, and light green micaceous shales.

It is doubtful if these shales exist along the whole line; at all events, there can be onlg
a few feet of them in places; they appear to be overlapged to the south, as the further nort
the section is situated, the greater the thickness of the shales exposed. Thus, 2 well situate
Eg the side of the Bombay road, just on the top of the Ghat and about two miles north of
e Par scarp, is sunk through the jasper beds nearly on to the top of the Par quartzite.
In the bottom of the well, several feet of black carbonaceous shales are exposed, but in a
gorge extending north from Simiria into the Par scarp to within a mile of the well,
although no actual junction sections are exposed, still there is only a foot or two of the section
just above the quartzite covered. No black shales are seen in this section, they may occupy
the foot or two covered, but even then, there must be a great reduction in the thickness of
the shales between the well and the head of the Simiria gorge less than a mile to the south.
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Clay beds.—At Dharoli, the beds resting upon the Par quartzite are white clays with
bands of various colours. In this section not only are the black shales overlapped, but some
other shales above them : thus in the Sindh river at Bijura the following section is exposed,
none of which is represented in the Dharoli section.

Bijura.—The Par quartzite is not seen at base—

30 feet black carb , 8lightly mi , finely laminated, shales.
2, ditto  ditto  with silicious concretions.

0 ,, 6inches red and green shales.

2,0 ferruginous shales with concretions.

1,6 red and green shales.

1, 3 . shales with silicious concretions.

2,0 red finely laminated ribboned shales.

4,0 ditto with silicious concretions.

Concretions.—The concretions occur as flattish round balls of flinty chert, sometimes
14 inches in the shorter, and 2} inches in the longer diameter; the longer diameter always
being parallel to the bedding.

In the Dharoli section the clay beds pass upwards into an irregularly banded rock ; the
bands of from one-eighth to one-half an inch in thickness and formed of alternate bands of horn-
stone and silicious brown hamatite, the bands of hornstone being most frequently the thicker
of the two. The clay beds appear to be very local in their occurrence ; for in many places, the
hornstone beds form the bottom of this group. It seems possible that the clay gegs are the
hornstone beds locally decomposed. The two are very similar in structure; the hornstone is
seen in all stages of decomposition, and the rocks somewhat higher in the section, and equally
silicious with the hornstones have certainly decomposed into a similar clay, as, for instance.
at the iron mines near Mangor and Santow, &c.,, where the red and yellow clays can
be traced along the strike into the undecomposed red and yellow jaspers.

The thickness of the clay and hornstone beds is about 50 feet. The section above them
in ascending order is as follows :—

Feet.
Red ribboned jasper with ferruginous bands ... ... 180
Ribboned hornstone .. &0
Red and yellowish, slightly forruginous, finely laminated, banded shales ... &0
Silicious ribboned shales ... ..
Felsites and shales .. 20
Contemporaneous trap (Choura trap) e 70
Felsites and shales . 40
Limestone with bands of chert . 50
Felsites and shales e .. 60
Contemporaneous trap (Bela trap)... .. .. 50
Silicious finely laminated ribboned shales, inclnding bands of limestone ... 300
Ribboned jasper and ferruginous shales 300
Contemporaneous trap (Morar trap) R ... 800
Ribboned jasper and ferruginous shales . B
Limestone with bands of chert and jasper . 70
Ribboned jasper, with ferruginous bands .. #0
Semi-jaspideous ribboned shales .. 100

Coneretions.—Concretionary structure is very common in the lower part of this section,
particularly in the jasper-beds. Some of the concretions in these beds are four feet long and
four inches thick, but the greater number are about six inches long and 1} inches thick; the
longer axis always parallel to the bedding. The concretions are formed of thin laming of red
jasper and hematite, and are mostly irregularly cracked in the interior and the cracks filled up
with quartz crystals. In some of the concretions there are irregular cavities, sometimes
4 inches long and 2} inches high, lined with quartz crystals. The best sections of these beds
can be seen in the gorges north of Simiria, where vertical cliffs of them more than
100 feet high are exposed. The beds of this part of the section are locally worked for iron.
A description of the mines will be given presently.

Felsites—The felsites occur above and below the Choura, Bela, and Puniar traps, as
well as under the outlying hillock of trap near Fasoulee. They are mostly thin and
regularly bedded, and in this respect resemble the silicious shales, with which they alternate.

The most common variety of the felsites is a cream coloured felspathic matrix, in
which are imbedded innumerable dark coloured crystals, probably of augite. ~Another variety
consists of alternate irregular, thin light-cream, and dark-green, coloured layers, probably of
felspar and hornblende.
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The following is an analysis of one of the felsites by Mr. Tween :—

Silics ., g0
Alumina with a little iron . 2451
i,{lmem . 208
Potash 918
Soda . 481

Total .. 10208

Mr. Medlicott, who has examined a portion of this area. found in the nuddy sonth of
Raipoor some spherical hollow lumps imbedded in the felsites, which he describes as
“yoleanic (P) bombs, spherical hollow lumps of coarse trappean matter, imbedded numerously
like great drops in one of the fine compact intertrappean beds a few feet over the Choura
trap flow in section south of Raipoor.”

1t is difficult to arrive at any conclusion as to the origin of these beds; but from their
association with the tm(f:, their general appearance, and composition, it seems probable that
they are trappean ash-beds.

Limestone.—The limestones are very uncertain in the section. Of the two limestones
exposed in the Dharoli section, the lower, that between the Choura and Bela traps, is
covered by the alluvium both in the east and west of the line of section. The upper is very
discontinuous along the strike ; at some places there is a considerable thickness of it, while in
others it is entirely absent.

Uncertain occurrence of limestone.—The best instances of the uncertain occurrence of
the limestone are at Bhandaoli, Siharo, and Dangora.

At Bhandaoli the hill is about 150 feet high, in which, in ascending order, the following
section is exposed :—

Feet.
Silicious shales 15
Calcareous shales with bands of limestone ... .. 2
Limestone .. 100
Silicious jasper-shales ... . 20

"The beds are nearly horizontal; only a few hundred yards further to the cast there is
no litnestone in the section. On the west side, under the castle, the limestone is replaced
by ochreous clay beds, in which are a few thin bands of limestone. A short distance further
wost, the only limestone in the section is in the calcareous shales at the base of the hill.

Sikaro.—About a mile east of Siharo and north of Ootilla there is a hill of lime-
stone nearly detached from the main range. The hill is about 100 feet high. On the south
side, on the top, there are about 70 feet of limestone; uoder this about 20 or 30 feet of
calcareous shales with bands of limestone and at base silicious shales. In the main range
not 50 yards distant there is not a trace of limestone.

Dangora.—Another instance of the uncertain occurrence of the limestone is at
Dangora. Here there are about 50 feet of limestone seen in section. It continues round
the north side of the hill, but at a short distance to north-east the limestone becomes more
earthy until it passes into the ochreous clays. East of Dangora, the limestone continues
for a short distance towards Fasoulee, but at that place none is seen in the section.

I might mention many other cases of the sudden disappearance of the limestone, but
T think the above sufficient. The rock that replaces the limestone in the section is always
the ochreous clay beds. The limestone and the accompanying rocks are as nearly as
possible horizontal, so that the sudden disappearance of the former cannot be accounted for
by dip. The beds above and below the limestone being identical with those ahove and below
the ochreous clay beds prove that the limestones are not faulted ont of sight.

Trae.
There are at least four separate spreads of trap. T shallname these the “ Morar trap,”
the * Barai trap,” the “Choura,” and the “ Bela trap;” there is also a large spread of trap
west of Puniar; this, I think, is a disconnected part of the Barai trap.

Besides these great spreads, several smaller patches occur, as at Kote ki Serai,
Malipoora, Singpoora, Baroori, and Fasoulee. It is prohable that some. if not all,
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of these patches are parts of the four great spreads, although the connection cannot be traced,
as these parts of the section are a good deal covered by the alluvium.

Morar trap.—The Morar trap is by far the most important from its greater thickness
and extension along the strike. A map would scarcely convey a correct idea of its great extent
and thickness; as to the eastwards the trap is only seen at the base of the broken northern
range and in the isolated hills dottini the Morar plain; but there can be no doubt, these
isolated patches, and the trap under the hills round G walior, form part of one great spread,s
extending from Bitholi on the west to Jhankri on the east, a distance of about 30 miles.
The western end of the Morar trap is covered by the Kymore sandstone, and the eastern
by the alluvium. There does not appear to be any thinning out at either end, for at Bitholi
and Jhankri there is as great a thickness as anywhere along the line. About four miles west
of Bitholi, in a gorge near Malipoora, the Kymore sandstone is removed and a considerable
thickness of trap is exposed. This is just in the line of the strike of the Morar trap and
most probably is a continuation of it.

Thickness.—The thickness of this trap must be considerable, although it is difficult to
estimate it accurately. The breadth of the spread, at right angles to the strike, is at the
western end upwards of three miles. The rocks immediately above and below the trap dip
at an angle of 2°, and if the trap has the same dip, it must be upwards of 500 feet thick.
But as there may be an alteration in dip between the northern and southern , this
estimate is possibly excessive. At all events, there are vertical sections exposed in G walior
fort hill, and some of the hills to the west, showing nearly 200 feet of trap, and some of
the hills on the Morar plain, as at Dhaneli, Atarsoo, and Karwas, are nearly 100 feet
high and are formed entirely of trap.

Barai trap.—The Barai trap occurs on the south side of Barai hill. It extends to the
east mearly as far as Tigara, where it is covered by the alluvium, and on the west for a mile,
and is then covered by the Kymore sandstone. There is about U feet of this trap exposed
in the Barai hill. The small patches of trap, which crop out from under the K ymore sand-
stone, south-west of Barai, are obviously parts of this spread. The reason of 1ts occurring
in detached patches is, that the trap was largely denuded before the deposition of the
Vindhyans, and that now, the Kymore sandstone rests sometimes on the trap and at others
on the rocks below.

Puniar.-——The trap at Puniar is about 1} miles south of the southern edge of the
Barai trap, and of which, although the continuation cannot now be traced, it probably once
formed a part. The traps are of about an equal thickness, and the beds above and below
them are very similar.

.
Choura trap.—~The Choura trap is about 70 feet thick, and extends continuously
from Naigaon, just east of the trunk road, to Choura. East of this, it is covered by the
alluvium, but its continuation can be traced some distance further east, as small hillocks of
trap are of frequent occurrence in that direction. It is probable that the trap seen in
the stream north of Barori is a continuation of this spread, as the limestone on the top
of it is very similar to that over the Choura trap.

Its continuation westwards can also be traced, for in the nuddy south of Raipoor,
about two miles west of Naigaon, a small patch of trap is exposed, which is probably a
part of this spread.

Bela Trap.—The Bela trap is about 150 feet higher in the section than the Choura.
It is covered by the alluvium at both the east and west ends, but to the eastwards, there
are many outcrops of trap along this line, the farthest of which is at Kote ki Serai, about
six miles distant; these all doubtless belong to this spread.

At the northern end of this spread, in the nuddy near the trunk road, north-west of
Bela, the trap has the appearance of having broken through the strats and overflowed
the rocks to the south. ¥or a distance of about 20 yards, the nearly horizontal shales,
upon which, immediately to the south, the trap rests, are seen in actual contact with the
vertical trap for a depth of about six feet. Eaxt of this section the trap is covered by the
alluvium, but to the west it iz regularly interbedded with the shales.

Raipoor. —~In the nuddy near Raipoor a similar apparent case of intrusion is seen,
but here unconnected with any overflowing trap.
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_ The variety of trap forming the different spreads is diorite. It is mostly largely
crystalline, the separate crystals of hornblende und felspar being visible to the naked eye.
On the top of the Morar trap near Beipoor magnetic iron is very abundant in the
trap, but with this exception there is little variety in the trap of the different spreads.

THE VINDHYAN SERIES.

Already described.—The western part of our area is occupied by the rocks of the
Upper Vindhyan series. This formation, including that portion of it here represented, has
already been reported upon by Mr. Mallet, (Mem. Geol. Surv., India, Vol. VIL,, Pt. 1).

Relation. to Gwalior.—I shall therefore confine my remarks to its relation to the
Gwalior, and, principally, to showing the extensive denudation of the latter previously to the
deposition of the former. Only the two lower groups of the Upper Vindhyans, viz., the
prfnmore and Rewah, are here represented; they form three parallel ranges, extending
from the south in a north and south direction, but north of the Par scarp they trend to the
north-east. The most easterly range is formed of the Kymore conglomerate and sandstone ;
the next—a few miles to the west—of the shales and sandstone of the Lower Rewahs, and the
third-still farther west—of the shales and sandstone of the Upper Rewahs.

Outliers.—There are also many outliers of the Kymore group restini upon the Gwaliors ;
one of the largest of these is the Gwalior fort hill, the upper half of which is formed of the
Kymore rocks.

Unconformity.—The Kymore cross the whole of the Gwalior section, and along theline
of junction numerous sections of the unconformity of the two series are exposed.

Kymore conglomerate.—Further evidence of the unconformity is shown by the Kymore
conglomerate, which is formed, almost entirely, where it crosses the Gwaliors, of angular
and slightly rolled pebbles of red jasper obviously derived from these.

Doorsari.—But the most interesting sections of the junction of the two series occur
in the two gorges near Doorsari at Ladera and near Bhastori. These sections not
only show the extensive denudation of the Gwaliors, but also that their present physical
features, as, for instance, the Par scarp and the two parallel valleys, existed before the depo-
sition of the Vindhyans.

The Doorsari gorge is situated at the western end of the Par scarp about a mile
beyond the western limits of the map. South of the Par scarp the Kymores rest directly
on the gneiss and form a scarp running nearly north and south. The section is at the point
of contact with the north and south scarp and the Par east and west scarp. The two scarps
are each about 200 feet high. The Par scarp is formed of about 150 feet of gneiss capﬁed
by 50 feet of Par quartzite. The Kymore scarp a few hundred yards from the contact has
about the same thickness of gneiss at base, but capped by the Kymore conglomerate and
sandstone. At this point, the conglomerate is only & few feet thick ; north of this, the top
of the gneiss falls rapidly to nearly the level of the plain, and its place in the scarp is filled by
the Kymore conglomerate. At the point of contact of the two scarps, there cannot be less
than a hundred feet of the conglomerate resting against the steep Par scarp. At the top
of the Par scarp, the conglomerate is only represented by a few pebbles, but it gradually
thickens on the low ground to the north.

U s i
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Junction of the Viudhyan and Par scarps wnear Doorsari: 8—Kymore sandstone ; b—Kymore conglomerate;
c-~Par sandstoue ; d—Gneiss,
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The second gorge occurs a short distance east of the above. On the west side, a similar
section to that just described is exposed. The gneiss falls to nearly the level of the plain,
and the Kymore conglomerate increases proportionally in thickness, until, immediately
south of the Par scarp, it is nearly a hundred feet thick. ’

In fact, the ground between the gorges, nearly half a mile, is occupied by a large
outlier of the Kymores, at the southern end of which (about a mile from the Par scarp),
the conglomerate is only a foot or so thick, but at the northern, there is a hundred feet of it
abutting at base against the steep cliff of gneiss, and at the top against the edges of the
horizontal Par quartzite, which at the top of the scarp it covers.

Ladera.—The next case proving the existence of the Par scarp previous to the Vindhyan
egoch is near Ladera. It 1s situated just south of the Par scarp, about 24 miles west of
the Doorsari gorge. Here the Kymores are seen at the level of the plain, and abutting
vst the scarp of gneiss and Par quartzite. It is also seen on the top of the scarp.

e gorge in the scarp, just west of the narrow spit of sandstone, is also partially filled u;
with the Kymore sandstone. The bottom and west side of the gorge are of nearly horizon
Par quartzite, but the east side is formed of the Kymore sandstone.

.

Western extension of Par scarp.—There is also some evidence that the Par scarp
extended west of the Doorsari ﬁor%e, for at Sirsa, about three miles west, there is an
outerop of the Par quartzite, and the Kymore sandstone is seen at a lower level immediately
to the south of it. .

Outlier of Vindhyans at Bastari.—At Bastari there is a I::g: outlier of the Kymores,
stretching nearly across the southern valley. The hill is ug‘w of 100 feet high, com-
gosed of massive irregularly bedded horizontal sandstone. The base of the hill is covered

y debris, so that the Kymore conglomerate is not exposed. Patches of the sandstone
rest, unconformably, on the ridges of the Gwaliors, both north and south of the valley.
On the sonth side many of the steep lateral gorges running into the main valley are
partially filled up with the Kymore sandstone and conglomerate. It is obvious that the
southern valley and the lateral gorges must have been worn out before the Vindhyan
epoch, as no amount of faulting could have brought the sandstone into these gorges.

3
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Section near Bastari: a—Kymore saudstone ; b—Jasper beds of the Gwalior series; c— Par sandstone.

Small outliers.—There are many other smaller outliers of the Kymore, particularly
near Jarga and Sohnsa. They mostly occupy the low ground, partially filling up gorges,
or resting upon the sides of the hills of the Gwaliors, in all cases showing the extensive
denudation of the latter previous to the deposition of the Kymores.

The question of the age of the Vindhyan series has already been discussed by Mr. Mallet
in his report (Mem. Geol. Surv., India, Vol. VII, Pt. 1).

Gwaliors.—The unconformity of the Gwalior series in our area to the gneiss on
which they rest, as well as to the covering Vindhyans, is so great, that no conclusion can
be drawn as to the exact place of the Gwalior series in the Indian series.

Hindown.—The only other place where the Gwalior series has been identified to a
certainty is near Hindown, about 60 miles north-west of Gwalior. The Gwaliors there form
a ridge about ten miles long, extending in a south-west and north-east direction. The beds
are thrown up at a high angle, seldlom dipping less than 60° in a north-westerly direction.
Only a few hundred feet of section is exposed. The ridge is entirely surrounded by the
alluvium, and thus isolated from the other rocks of the neighbourhood.
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Upper Vindhyans.—The rocks neavest to the Gwalior ridge are the Upper Vindhyans,
the upper group of which, the Bundairs, form a high scarp running uearly parallel to the
ridge. The Bundairs are for the most part nearly horizontal, but sometimes at their north-
woestern limit dip at a high angle towards the south-east. There are two other broken ridges
in front, north-west of the Bundair scarp, dipping at a high angle to the south-east, pro-
bably formed of the lower groups of the Upper Vindhyans, viz., the Rewah and Kymore.
'l;i)e nature of the junction between the Vindhyans and the Gwaliors is obscured by the
alluvium.

Byanra kills.—A few miles north-west of the Gwalier ridge, and roughly parallel to it,
is another line of hills extending from Byana in a south-westerly direction.

Quartzite series.—Theee hills are formed of a series of rocks not yet described, which
we have provisionally called the ‘quartzite series.” It consists of an immense thickness of
quartzite sandstone, shales and conglomerate. The lowest group inclades numerous spreads

of contemporaneous trap.

The quartzite series is most probably more recent than the Gwalior and older than
the Vindhyan, for the conglomerate of the middle group (Dummduma) of the quartzite
series contains pebbles of ribboned jasper, &c., almost certainly derived from the Gwalior series;
and some distance south-west of Hindown, near Kerowlie, the Upper Vindhyans rest
uaconformably upon the lowest group of the quartzite series,

Lower Vindhyans.—Lithologically, the Lower Vindhyans of Bundlekund have some
resemblance to the Gwaliors, particularly to the silicious shales of the middle range of our
area, but the ribboned jaspers, so characteristic of the Gwalior series, are entirely absent.

It is highly improbable that the Lower Vindhyans and the Gwaliors are synchronous
deposits, for no unconformity beyond overlap has been detected between the Upper and Lower
Vindhyans in Bundlekund, and yet the lowest member of the Upper Vindhyans, the Kymore
conglomerate, is composed largely of pebbles of red jasper, almost certainly derived from
the Gwalior series. Again, in the Sone valley, a considerable thickness of ribboned jasper
occurs, identical in appearance with the jasper of the Gwaliors, and which series it probaﬁley
there represents. The %.aower Vindhyans rest unconformably upon these jasper beds.

Bijasoars.—The Bijawar series and the Gwalior have many points in common; but still
the characteristic jasper beds of the latter are not represented in the former. The relation
of these two series to each other has therefore yet to be determined.

LATERITE.

There are two patches of laterite in our area; one at Raipoor hill, of which it forms
the peak, the highest ground of the district; the second occurs on the Kymore sandstone,
about two miles to the north-west. Both these patches are small in extent and are about
60 feet in thickness. The beds composing these hilrs are exactly similar to each other, and to
the great spread of laterite of Central India—purple clay with bands of brown hmmatite
at base, capped by the hard porous rock-laterite,—and no doubt, these two hills are outliers
of the Central India spread, which has been traced as far as Sipri, about 60 miles south of

the Raipoor hill.
EcoNoMic GEOLOGY.

Upper Vindhyans.—Mr. Mallet has already described the resources of the Vindhyans
in his report on them; in this district the sandstone, both of the Kymore and Lower Rewah,
is largely quarried for building stone. The new barracks on the top of the Gwalior Fort
hill are nﬁt of the Kymore sandstone, quarried from the top of the hill.

Iron.—The principal production of the Gwalior series is iron. Formerly, the work-
ings for iron were far more extensive than now, judgi:f from the lmig excavations to
be met with. The peak of Par hill is completely burrowed by the old workings and a large
portion of the hill removed. Similar extensive excavations occur at Mangor and other
places. The reason that the workings are not so extensive now as formerly is, not that the
iron is exhausted, but that the wood to smelt it is used up; all the hills for many miles round
Gwalior being almost entirely bare of any tree or jungle, the ore has now to be taken a long

distance to the furnaces.
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Par Hill—The principal iron mines are situated at Par hill, Mangor, and Santow.
Nearly all the workings are confined to the lower part of the Morar group, about 100 feet
above the Par quartzite. That on Par hill, not now worked, occurs in an outher of the Morar
group, forming a peak rising to the height of about 60 feet above the level of the edge of the
scarp. The lower part of the peak is composed of white clay beds with very regular variously
coloured bands. The beds of the upper part of the peak are highly ferruginous, the iron

oecnrritziin thin lamine in the vanegated clays. It is from these beds that the iron is
extrac

Mangor.—The Mangor mines, about three miles north-north-east of Par hill. These
workings are confined to a narrow valley running north and south and nearly half a mile
long. On the east side they are bounded by a vertical cliff, the workings extend some 200
yards west of this, but the greater part are close under, or only a few feet west of the cliff.
The richest seams are worked by small shafts some 30 or 40 feet deep; but on the west side of
the valley iron is quarried from the sides of the low hills. The section in the shafts is very
similar to that on Par hill, and the iron occurs in similar fine laming in the clays.

In the quarries, on the high ground, on the west side of the valley, the iron is extracted
from beds above those on Par hiﬁ. These beds, although greatly decomposed, resemble the
lower beds of the Morar group ; the structure is the same, and they enclose concretions simi-
lar to those which occur in the Morar group ; but here the jasper and flint, &c., forming the
concretions are decomposed into red and ngife ochreous clays. Both east and west of this
valley, the clay beds pass into the undecomposed beds of the Morar group.

Santow.—The workings at Santow are also confined to a narrow space. They are
bounded on the north by a large quartz vein, and the principal workings are close to this.

The richest beds are reached by small shafts about 50 to 60 feet deep, from which small
galleries are extended.

The beds from which the iron is extracted are the same as those worked at Mangor and

Par; they are in a similar decomposed state, and pass both to the east and west into the
Jjasper and hornstones of the series.

Smaller mines.—Between Mangor and Santow, on the high ground, there are several
workings, but most of them small; there is one place, however, near the curious old tree
marked on map, where extensive excavations have been made.

All these workings are on the same horizon as those of Par, Mangor, &c., and the
iron is extracted from similar clay beds, which pass into the undecomposed jasper and
horostone rocks in all directions.

The strata in all these mines are locally much contorted. In places there are vertical
narrow strips of the undecomposed rocks, running through the clay beds in all directions.
These strips are generally from three to six feet wide, and stand up like a wall, sometimes
ten feet high. They are mostly formed of thin lamine of iron, and show sharp contertions,
even in their small breadth. They are even harder and more silicious than the unaltered rocks
on this horizon, as if the silica from the decomposed beds through which they pass had been
secreted in these strips. Iron is not more abundant in the parts worked than in a great part
of the series, both on the same horizon and in other parts of the section.

The lamine of iron are as thick and nnmerous in the hornstone and jasper beds as in the
clay beds derived from them. Again, in the very highest part of the section, above the
Meorar tminear Kharia, the iron is quite as, if not more, abundant. The reason, that the

wor

places ed were selected, was on account of the local decomposition and softening of the
rocks containing the iron.

The miners told me that they sold the ore at the pit's month at the rate of between
60 and 70 maunds for the rupee.

Limestone.—The limestone is quarried and burned, but not on an extensive sqale, as the
natives appear to prefer the kunkur to be found in the alluvium just west of Gwalior.

Black shales.—Some small excavations were made in the black shales in the bottom of
the well by the side of the trunk road west of Puniar, in the hopes of their leading to
coal, but, of course, without success ; the shales containing only a trace of carbunaccous matter.
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Notr oN THE sLATES AT CHITELf, KUMaoN, by THEo. W. H. HucHEs, F. G. 8., Geological
Survey of India.

Whilst at the hill sanatorium of Almora during the late recess season, I was requested,
in a letter addressed tome in September last by Colonel Hodgson, R. E., the Secretary to
Government, North-Western Provinces, Public Works Department, to express an opinion, after
visiting the spot, as tothe suitability of some slate for roofing purposes, which was known to
occur near a village called Chitéli, distant only a few miles from Dwara Hat, one of the well
known camping localities between Nainf T4l and Masdri.

Slate required for roofing—The question to decide was one of importance, for, if the
slate were pronounced suitable, it was intended to use it extensively for roofing the military
buildings tﬁat were to be constructed at the new station of Ranikhét ; it having %een estimated
by Captain Birney, R. E., the Executive Engineer in charge of Ranikhét, that after takin
into consideratiou the cost of extraction and carriage, the employment of slate would be mucﬁ
cheaper than the corrugated iron in general use for roofing at most of the hill stations.

The following short paper sets forth the views which I entertain regarding both the
quality of the slate and the quantity of it available. It would have been impossible, how-
ever, for me to have an'iveg at a_satisfactory and reliable conclusion on the first of these
points had I not received considerable and courteous assistance from Captain Birney.

Colonel Hodgson’s letter reached me on the 17th September, but I did not proceed to
Chitéli until the 9th October owing to the latencss of the rains and the reported unhealthiness
of the spot.

Position.—The slate occurs in a spur of the hills overlooking a gorge, near the mouth of
which the village of Chitélf is built.

In this spur an experimental quarry was opened out, but when I visited it, altkough
efforts had been made to clear away the debris that obscured the section, the extraordinary
continuance of the rains prevented the men at the quarry from working as rapidly as they
otherwise would have done ; and not more than 30 to 40 feet of rocks below the surface were
exposed.

The slates dip at high angles ; and, as may be presumed, thereare different bands varying
in their cownparative goodness. None of the slates are cleaved in a definite manner, but a
few do exhibit this structure in an incipient stage.

Before .proceeding to purely economic matters, it may be useful to give, for the informa-
tion of those who take some interest in geology, a generalised section of the Himalayas, in
order to show roughly the horizon which the slate-rocks of Chitéli occupy.

Geological Section.—Commencing at Kilidingf at the base of the hills, and carrying
the section beyond the British frontier through the Milam pass, the rocks occur in the follow-
ing order of succession :—

A.—Sedimentary rocks. Principally sandstones, shales, and limestones. A few
carbonaceous beds occur. Seen on the road from Kalidtingf to Nainf T4l

B.—Metamorphic rocks. Schists, quartzites; different varieties of gneiss; slates
and greenstones. Seen at Naini Tél, and from thence to Minshiiri.

C.—Gneiss, with numerous granite veins. Seen between Muinshifri and the
upper Botia villages of Barfd and Milam.

D.—Sedimentary rocks® corresponding to the older, secondary, and newer rocks
of European classification. Seen between Milam and the Sutlej river.

The Chitéli slate forms a horizon in the class of rocks under the bea_din& B,—the
same class in which the greater portion of the mineral wealth of the Himalayas is contained.

The general quality of the Chitéli slate bears favorable comparison with other Indian
specimens ; but it is below the standard of typical Welsh slate.

Quality.—1It differs from the latter in splitting along the planes of lamination, instead
of the planes of cleavage. It is coarser in texture: more silicious (sandy), heavier, and
has a duller ring on being struck. Assuming the value of typical Welsh slate as 10,
the general value of the Chitéli slate would not be more than 6. There are, however,

* From this band come the Ammonites (Saligrdm) and the Belemnites (Chtichf pathar), which those who
cross the snows bring back with them as mementos of their travails and their travels.




44 Records of the Geological Survey of India. [voL. mr

some slates,—those occurring about 40 feet below the slates that crop out at the top edge of
the spur above the quarry,—which are of somewhat higher value, being closer grained, possess-
ing very even planes of lamination and splitting into thin slabs. These slates form a dis-
tinct band, their colour being darker than that of tlrose above them.

In recommending which slates should be utilised, I would certainly say the lower ones;
the upper slates being altogether coarser and containing some iron galls.

I am sorry that I possessed no means of testing the absorbing power of the specimens
which I brought away with me from the quarry. But Captain Birney assures me that he
has carried on experiments during the past twelve months to prove the porosity of the slate, and
that the results have been satisfactory. Captain Birney, to further test the slate, had exposed
several slabs to the action of the weather. All, with the exception of one which had
cracked, were perfectly sound when I examined them. The cracking of one slab I look upon
as a matter of little moment as affecting the (ﬁuality of the slate, for all the specimens and
been procured from near the surface; and I believe that this cracking will not occur when
the slates are quarried from a lower depth.

Supply.—With regard to the question of supply there need be no fear. If the spur
of the il{eopened out on both sides, there will be a store of slate more than ample to
meet all the demands of the barracks at Ranikhét. The beds have only to be followed along
their strike to yield an unlimited amount of slate.

To conclude, I consider the Chitéli slate good enmough for roofing purposes. And that
slabs less than # of an inch in thickness and much more than a square foot, superficial measare-
ment, may easily be obtained.

I would recommend, should the working of the quarry be determined upon, that some
competent person should be appointed to pass the slates. Native labourers are too indifferent
to take any interest in their work, so that no dependance can be placed upon them ; and the
would just as willingly waste their time in splitting bad slate as they would in splitting anI :
The employment of one or two skilled slab-men to supervise the other labourers and also to
work, would in the end be more economical than trusting to the local abilities of the Chitéli
villagers, as they would probably spoil through carelessness an endless number of slates.

NoTE oN THE LEAD VEIN NEAR CHicHoLI, RarpGr Disteict, by W. T. BLanrorp, Esq.,
Assoc., Roy. Scroor or MiNEs, Dep. Supdt., Geological Survey of India.

The following is the result of a brief surface examination of the locality near Chicholi
at which lead was discovered three or four years since by Mr. Smart of the Revenue Survey.
The spot is rather more than 70 miles west of Raipiir on the road to Bhandéira and Nagpir.

The ore (galena) occurs in a well marked vein, chiefly composed of quartz, which
traverses the metamorphic rocks. The latter are not well seen in the neighbourhood of the
vein, but in the surrounding country consist chiefly of granite or granitoid gneiss and
hornblend schist passing into diorite. Besides quartz the vein contains pink felspar in
considerable quantities, green and purple fluorspar, and a green mineral, probably epidote.
Galena is sparingly disseminated throughout the mass for some distance on each side of the
road, and I found “slight, but unmistakeable, indications of the presence of copper; small
quantities of the green carbonate occurring in several places.

In some parts of the outcrop there is a large quantity of peroxide of iron, sometimes
as a coating on the surface, sometimes irregularly mixed with quartz (“gossan™), and
evidently resulting from the decomposition of some other mineral. This is a common
occurrence at the outcrop of mineral veins, and is, I believe, usually considered a favorable
indication @y miners, in copper veins at least. But the value of such indications depends
greatly upon local conditions. Large masses of ’Peroxide of iron and quartz, or * gossan”
as it is termed in Cornwall, are seen just north of a little peak about quarter of a mile north
of the road.

The direction of the vein is N.-10°-E.—S..10°-W.: it forms a series of ridges, some
of which are at least 100 feet high above the surface of the ground. I traced the vein for
about half a mile north of the high road and for at least a mile to the south.

Beyond the distance mentioned to the north, I could find no signs at the surface of its
occurrence, but T did not search far. To the south it doubtless extends beyond the spot to
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which I traced it, and a hill is seen in the direction in which the vein runs, which may be
formed of the quartz.

The width of the vein, as usual, varies greatly. Near the high road, both north and
south, it cannot be much less than 30 feet. About a quarter of a mile to the south, this
thickness gradually decreases to about six feet. At this spot the veinstone rises like a wall
above the surface of the little ridge formed of its quartzose debris, and the direction of its
dip, obscure elsewhere, is distinctly seen. It here underlays to the eastward at an angle of
about 10° from the vertical, in other words, it dips at 80°. Beyond this, to the south, the
thickness probably diminishes still further, as, for about quarter of a mile, the vein can no
longer be traced at the surface ; beyond that distance it again forms a ridge of some height.

It is simply impossible from the surface examination of a metallic vein, especially in a
district where no mines exist, to ascertain what its value may be below the surface. All
metallic mines are more or less speculations. Taking into consideration the large amount
of veinstone exposed, the proportion of galena seen is small, and unless the quantity of lead
ore be greater below the surface, it will not alone pay for the working. Itshould be observed
that the fresh unaltered appearance of the galena found renders it impossible that its paucity
is due to the greater portion having decomposed. But larger masses ma‘y occur below, and
there is also a probability of copper ore being found. The occurrence of the ores in a well
marked vein 1s certainly a most important circumstance, and I may add that it is the first
instance of a distinct metallic lode that I have seen in India.

Altogether I think it may safely be stated that there is nothing in the appearances
presented by the Chicholi lode inconsistent with the occurrence of a food vein of lead and
copper ore below the surface. There are two disadvantages in the locality : the absence of
workmen acquainted with mining and want of water, not merely as a motive power for
pumps, &c., but for stamps and washing floors. But these are only questions of expense, and
shouﬁ rich ores occur, will readily be overcome.

At Wiréband, 16 miles east of the Chicholi lode, two rather irregular quartz veins occur,
forming hills of considerable size. I saw no traces of ore or of fluorspar in these, but my
Eehnrch lwzl;sd necessarily hurried. The direction of these veins approximates to that of the

icholi lode.

17¢h March 1870.

Better specimens than before accessible have been assayed, and yielded 9 oz. 19 dwts.
6 grs. of silver to the ton of lead.

TR WaiRDHA BRIVER CoAL-FIELDS, BERAR and CENTRAL PROVINCES.

The last notice of these coal-fields was given in the Records of the Geological Survey
of India, Vol. II, pt. 4, p. 94. Since that time t progress has been made in the detailed
exploration of the field, and it is now posaibgmt:r give a tolerably accurate estimate of the
extent of area over which the coal can be traced, and of the amount which is available, in the
vicinity of the river Wardha.

This river Wardha forms the boundary between the Central Provinces, lying to the east
" of the river, and the ¢ Assigned Districts’ (Berar) and the Nizam's Territories, lying to the
west of the river. The same boundary is continued further to the south by the Pranhita,
as the stream is called after the junction of the Wardha and Weinganga, and still further to
the south by the Godavery, as the continuation of the same stream is called after the
junction of the Pranhita and Godavery, near Sironcha.

Previously to the recent exploration the only places where coal had been actually found,
were a few points exgosed by the cuttings of this river. The whole surface near the river is
80 covered with widely extended beds of calcareous gravels and conglomerates (P pliocene) and
thick masses of sands and clays and often of regur, or black cotton soil, that, as a rule, very
few, and these very limited and imperfect, sections are seen and the structure of the country
must to a large extent be imagined or built up from these small sections. Although thick
beds of coal were visible in the banks of the river, their continuance inland could not be
traced, and even where the rocks were exposed, the denudation had been so great, and the
thickness of the covering clays, &c., was so considerable, that the outcrops of beds of such
marked character as coal and coaly shale of 40 and 50 feet in thickness were entirely
concealed. And it therefore was eesential that actual borings should be put down. The
results of a few of the early trials were given in the notice referred to above. (Vol. IL, p. 94).
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Shortly after the publication of that notice three additional sets of boring tools were received
trom Europe, and were at once turned to account. And sometime later, a steam boring
machine of Mather and Platt's eonstruction was delivered at Chanda, and preparations were
made for working it. I shall now give briefly the principal results obtained.

The two brace headmen who had been sent out from England had both suffered from
the climate. Mr. Heppel had a very serious attack of fever, and was for a time dangerously
ill. But he got over this attack, I am hapiy to say, and resumed his work as zealously as
before. Mr. Loungridge had suffered slightly at several times from the effects of the sun;
and I regret to say, the attacks became more K-equent and severe, until it was necessary that
he shouﬁlm be invalided and sent home at once. The advantage of his aid was lost from
the very commencement of the open season. Mr. Bateman Smythe was appointed
(10th December) in lieu of Mr. Longridge, and has proved a most efficient unr\)lseful
Superintendent of the Works. Mr. W. Penn Mather, who had had very considerable
experience in boring with the steam boring machines constructed by the firm with which he
was connected (Mather and Platt) and who had temporarily come to India, was appointed to
take charge of the Steam Borer, and joined in the beginning of February.

Taking w:llf, ‘the narrative of the exploration from the time of last report published in these
Records, I will now briefly give a notice of the principal facts.

I shall not at present delay to give the full details of the sections cut through at the
various holes, but simply enumerate the localities where these have been put down and state
the results. The details will more appropriately be given with a more detailed geological
report.

Up to November 1869, as already stated, only a few unsuccessful borings, in which nothing
but thin unworkable beds of coal had been met with, had been carried out. A deeper boring
to the east of Chanda town on the road to Moolh, and on the banks of the Jhurput
Nuddi, was then in progress ; and this was subsequently carried down toa depth of 248 feet.
At this depth the p made with the poor windlass power then at command was so slow,
and the importance of determiming the existence of coal elsewhere so much more pressing,
that it appeared wise to stop this boring, more especially as there was nothing definite -
tending to show the probabihity of a change in the rocks within a short distance. The tools
were therefore moved elsewhere. The same section is now being proved by the steam boring
machine, with the additional advantage of testing the upper rocks for a considerably greater
thickness. The borings to the south of the town of Chanda, although it was evident that
they had been put down altogether outside the outcrop or line where the known coal, if it
occur, could be traced, were not resumed, as it seemed better to reserve these for the
monsoon, when men could find good shelter in adjoining bungalows at a time when it would
not be possible to remain with safety in tents. systematic examination, therefore, of the
country extending northwards from the known coal locality near Ghéigids was commenced,
and has since then been steadily carried out. One additional bore hole was put down between
the pit sunk on the coal near Chandur on the bank of the Wardha and Nokora. This was
due west of the village of Ghiigiis, and was intended to supply the information which
we had been prevented from obtaining in nearly the same place ﬁy the loss of the mineral
lifter in the }ixonng there. The object of this was to prove the actual amount of variation
which the seams showed within this distance of three miles. This variation will be best
seen in the accompanying details.

Ghtigts North. Ghagts W. of village. Nokora.
Feet. Inch. Feet. Inch. Feet. Inch.
Black shale . 2 0 White sandstone 8 6  Black shale .- 1 6
Coal $ 0 Coal . 3 0 (val.. .. 4 0
Dark sandy shale 3 0  Shale mixed with coal 2 0 Sandy shale, with a trace of
Coal $ (O Coal 3 0 coal ... 2 10
Blue shale 85 6  Sandy shale and coal 8 0 Coal .. w 3 6
Coal . 120  Coal 4 0  Dark sandy shale 5 4
Coal with iron pyrites 4 0 Coal and shale 9 0  Coalyshale withcoal (badcoal) 3 6
Coal 65 0 Coal 7 0  Black shale . 16 10
Shale 0 6  Sandy shale 10 68  (Coal inferior 4 0
Coal 11 0 Coal food 9 0 Coal .. .. & 0
White sandstone. Coal, 1nferior 2 0  Sandstone mixed with shale 6 0
Coal, 11 0  Very dark shale ... .. 38 0
Sandy shale 0 3 Dark saudy shale 2 10
Coal e 10 0 Coul ... 21 8
White sandstone. White sandy shale 0o 2
Coal ... 13 0
White sandstone ... 7 3
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These borings are about 1} mile from each other; they are beyond a shadow of doubt in
the same general beds and the same coals, whereas the very great amount of change in
the thickness and character of the seams within this short distance is very evident. This
is a very important point as bearing on the question of the economy of working.

Proceeding northwards, two bore holes were next put down at Telwassa, near the
river Wardha. The most southerly of these was intended to prove the beds below the
thick coals, and to ascertain, if possible, the actual thickness of rock in this Lower Barfkar
group. It was carried down to 192 feet, and at this depth, when a few feet more would
certainly have reached the Talchir beds below, the mineral lifter was allowed to get jammed,
and in attempting to raise it, the steel valve box at the end was forced off and left in the
hole, which was then abandoned. Some thin seams of very impure coal were found, as anti-
cipated, just at the base of the series, but nothing worth working.

The second boring was fixed about a mile further to the north, on the east side of the
river, and here coal was cut at 68 feet below the surface, (of which 29 were surface soil);
and the same series of beds asat Ghlgs, again showing considerable variations, were pierced.
Altogether 41 feet of coal of varying quality were cut through in a total depth of 138
feet. (See Annual Report, Records, vol. III, p. 1-1).

Another boring was commenced in the lands of the village of Gowarala, near Bhanduk.
This was commenced, under a misapprehension of the instructions given, about half a mile
from where it was intended to have been, but was useful, inasmuch as the cutters struck
the Talchir rocks immediately under the surface clay, and thus effectually proved the
absence of coal there.

Two other borings were put down at points intermediate between the Telwassa borings
just alluded toand the pit near Chandur. These were near the villages of Belora and Nilja,
both in Berar. Both proved the continuance of the same group of beds of coal and shale,
exhibiting quite as markedly as elsewhere the great and sudden variation in its character
and sub-divisions.

It was next desirable to prove that the coal found on the Chanda side of the Wardha, and
there dipping to the west, did actually extend into the country of Berar on the west of the
same river. To the south near the villages of Pipalgaon and Ukni small faults affect the
continuity of the rocks, and just opposite the point at which the boring in the Telwassa
grounds had been put down, the series has been thrown down to the south of a fault which
crosses the river. This has enabled some of the beds higher in the series of beds overlying
the coal to be here preserved. And they overlap the coal beds to a greater extent than is
seen in the adjoining and more denuded area. To test this part of the field, a bore hole
was put down, which, however, was not sufficiently far to the west, to avoid this great over-
lapping, and which, therefore, only touched the extreme outcrop of the coal beds.” Another
hole about u mile to the north proved very satisfactorily the entire continuance of the coal
beds into the country on the west of the river, or into Berar.

Tracing up the same series of beds further to the north, borings were put down in the
lands of Konara. This was in the lower rocks (Barikars) and proved no coal :eanother boring
was put down at Borgaon, also without success. Some three miles further north, a boring
was put down on the Berar side of the Wardha at Goari (called also Agashi), but
nothing but black coaly shales were found here.

These borings were all in the lower rocks. Still further to the north in Chanda district
near the village of Majri, a boring was put down, first to the north of a fault which cuts
across the beds there, with a view to proving that side, but without success, and then a second
boring was commenced to the south of this fault, where the great overlapping of the beds
was partially avoided, and here coal was found at 75 feet from surfuce, and gave a rough
section of—

Dark shale, a little coaly 02

v Coal 51'8. And having -proved this thick coal, we pro-
ceeded no further. This thick bed, it must be remembered, 1s not all fair coal, but is split up
with many beds of very varying qualities.

A boring, still in progress, was also put down near Nandori, on the Chanda side of
the river to the south of the large area of trap which covers many square miles of country
near to and around Wurrora. This thickness of trappean rocks effectually conceals
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overlapped, and the impossibility of drawing any sound conclusion either as to the place or depth
below the surface at which coal might be found, fully justifies our putting the entire of this area
out of calculation in estimating the extent br quantity of the coal in these Wardha river fields.
A boring will be put down to the north of t})is large area of trappean rocks where the lower
beds are again visible over a small area near Panjoorni, a village about six miles north-west of
Waurrora and probably near Wurrora itself. But with this exception there will be little use
in testing the rocks further in that part of the field at present. It is not at all intended to
assert that the coal group does not extend under a considerable part of this area, but if it does
30 extend, the chances of finding it are so uncertain, and the depth at which it probably occurs
so doubtful, and in any case so much greater than in adjoining areas that, for the present at
least, the coal even, if found, could not be worked to the same advantage or economy as
elsewhere. i

A boring has also been put down in the Berar country well into the centre of the field
and some six miles in a right line from the river Wardha. This was at a place called Rajur,
which is near Naith or N ét, and about ten miles to the north-west of Wiun town. This was
sim];ly intended to test the continuance of the coal under the upper rocks, which cover the
whole surface there. Up to the latest reports, 156 feet of coal had been cut into there, quite
sufficient to show satisfactorily that the rocks continue.

Two or three more borings will now prove the whole of this northern part of the field
with perfect sufficiency, and with detail quite ample as a basis for commencing the actual
work of raising coal. .

To the south of Chanda, the sections at Balarpur, where coal is visible at the water
level in the river Wardha, in the territories of His Highness the Nizam or on the west side
of the river, have been examined. It was concluded from this examination that there was not
much prospect of finding this coal extending into the Chanda district, as it had in all
probability been very largely denuded or washed away and its place now filled in with beds
of great thickness of alluvial clay and sand, &c. Still borings were put down to test the
fact, and the rocks were proved at both sides of a marked fault which crosses the section from
north-west to south-east, the rocks being down-thrown on the east, but to what extent it
was not possible to calculate from the limited exposure visible. These borings froved the
existence of a few thin beds of coal, 1 foot to 1} feet, but nothing worth working.# The full
examination of the northern part of the field had then become so much more urgent that
the tools were removed there. .

All the country south of Balarpur still remains to be examined. There is a certainty
of coal occurring in the Nizam's territories in the area between the Pemgunga and the
Wardha, and a few borings are there required to test the thickness and quality of this coal.
The area stretching from north to south throughout the district of Chanda from east of
Waurrora to Bhanduk and Chanda, and southwards by Balarpur to the Wardha
near Kirmirri, is all composed of rocks which belong to series above the coal. It is there-
fore possible that coal may be found to extend under these rocks and so cover a large area.
But there is not a trace ofy these lower coal bearing rocks visible anywhere along the line,
excepting close to Chanda town. And as the covering rocks dip sharply to the east all along
here a short distance only in that direction would throw the coal so deep below the surface
that it could not be profitubly worked in eomgetition with the more accessible and more
favorably placed coal elsewhere. This area ought to be tested by a series of well selected
borings at long intervals, and if coal be proved, as I fully anticipate it will be near to
Chanda, the indications should be followed up carefully. There is no surface evidence what-
ever to guide the observer exc:ﬁting there. I have already mentioned why the borioneﬁs
at Chanda had been deferred until the monsoon weather. But when they are commenced,
it will be needful to exercise a little more geolog'u.l skill than had been shown before, for
the holes which were bored were altogether outside or below the horizon of the thick coal
which it was sought to prove!

No other group of beds containin§ coal in a workable thickness has been traced in the
field, and none other probably exists. It has been shown that this group of thick beds of
shale and coal maintains a constant horizon in the general series, that it is largely and
irregularly overlapped by the beds which succeed it, and that with a great amount of variation

* It ig stated (Supp. Gaz. India, Jan. 15, 1870, p. 30,) that 6} feet of coal were proved at a depth of 120 feet
from surface, within half a mile of Balarpur!! None of the records of the borings bear out this assertion.

evel ﬂg:g beneath them, and looking to the great irregularity with which the coal rocks are
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there is still a constancy and continuance of the beds, which is satisfactory. 1In the
former report I gave the results of assays of the coals raised from each successive foot in
the boring at Ghiigiis; and I showed also what an admirable general index to the value
of the coals such assays were. I have had the  same done for the coals cut through at
Telwassa, and I now give the results of these assays.* It will be seen that the composition
of the coal raised here 18 very similar to that at Ghiigiis, and that, as a whole, the coals are of
very second rate quality. Asshown by assay (Records, Geological Survey, India, vol. II,
pt- 4, p. 99), the uppermost seam at Ghigitis was good bright coal. And so it proved on
cutting into it in the pit sunk not far off. ~But like all the bright clean coals of this lower
group, it also turned out very brittle and fragile, so that it would bear carriage badly.t

# AssaYs OF CoAL PROM THE CHANDA DISTRICTS.
From No. 1 Seam passed through at No. 2 Bore hole, Telwassa.

Nos. Carbon. | Volatile. Asgh. Nos. ' Carbon. | Volatile. Ash.,

1 . 309 29-8 393 18 . . 444 346 21-0
2 . . " . 19 189 306 205
CR } 425 | 828 | 262 | o0 T ) 494 | 304 | 202
4 . 416 328 256 21 . . 503 334 163
[ 34-2 323 835 22 e e 44-0 318 2142
6 351 267 382 23 e e 504 318 178
7 369 267 364 24 e - 502 330 168
8 s e 330 254 41'6 25 . . 467 32:6 207
9 424 316 26:0 || 26 51'4 306 180
10 391 294 315 27 518 306 181
11 cee 439 323 238 28 512 322 166
12 e 462 334 204 29 .. | 830 304 l 16'6
13 vem 454 338 20-8 30 52-3 334 143
14 . 438 342 220 31 e e 520 320 1 16-0
15 . 459 360 181 32 Ve 482 302 | 21-6
16 e 419 340 241 33 438 274 288
17 .. .| 871 322 | 307 | 34 .. .| 501 | 306 | 193

From No. 2 Seam passed through at No. 2 Bore hole, Telwassa.

Nos. Carbon. | Volatile. Ash. ’i Nos. Carbon. | Volatile. | Ash.

1 46-3 345 192 ! 5 44-2 335 ‘ 22-3
2 512 | 825 | 163 | 6 432 | 208 | 270
3 o | 433 290 277 7 434 31-4 252
4 . [ 493 340 167 % 8 473 286 241

i y b h t last Se) temiwr, i.e., vigorously at first, but after the expulsion of the
vol 31“ ‘;l:?w:u:li:llayﬂzlxrl;‘:leo::tto J\?uh‘.‘ Thg ash of all the samples (which has been preserved) is very similar,
2: ;niem mixed of Nos. 31{ 32, 33 and 34 on being treated with sulpburic acid, hydrochloric acid, and carbonate of soda

i i 76 grains. i
teft &I;m‘;‘&:‘;:gtl;:; lomag:} the samples some small fragments of & mach superior coal may be perceived.

From No. 28, which appeared to contain some of the largest of these, I picked out sutficient to make a separate

examination. “(‘E:r usl'le the following result :— ez
Vo}:ﬁle e J’:g
1000

.

February 253¢h, 1870. (Signed? A. Twias.
:
t This brittle coal could be coked with advantae,
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The coals below that were very inferior, and much that has subsequently been furnished from
the sinking at this pit for the use of the steam boring machine is scarcely worthy of
the name of coal at all, with difficulty keeping up the fire, and not giving steam at all
in sufficient quantity. The present assays show that this is the character of much of the
Telwassa coal also. One thing is quite certain that, as pointed out long since, any estimate
of value based on the duty obtained from carefully selected coal from these will certainly
give a false idea of the average value of the whole ; while in any ordinary mode of mining,
the irregularity of these better beds, and the certainty that they will not continue for any
great distance oun the same horizon, will seriously interfere with the economic working of
seams of such thickness as those we have shown to occur.

It remains to consider what is the amount of coal which may be considered fairly and
economically aceessible in these Wardha river coal-fields so far as examined, that is, in other
words, in the country lying between the Wardha and Pemgunga rivers in the south and
the general outline of the trappean rocks which cover everything on the north. If we
take this estimate in two distinet portions, as referring to the east and to the west side of
the river Wardha, we can then combine the two to get the general results. In Win
distriet, to the west of the Wardha, there may be estimated to be about 70 square miles of
country under which the thick coal may fairly be presumed to extend, and will probably be
found nowhere at a greater depth than 120 yards below surfuce. Now, from this we must
deduct a fair proportion for ground cut up by faults and disturbances, and so not likely to
yield very profitable return from the working of the coal. If for this we deduct, say, one-
third of the area, we will have 45 square miles yielding coal. The average thickness of
coal established by the numerous trials may be taken as nearly 40 feet, that is, of coal,
coaly shale and beds of varying character taken as a whole. As I have shown, a verv large
deduction from this must be made, and I believe that an admission of 20 feet would be not
only a maximum thickness of workable coal, but be even too high a figure. But taking
this as 20 feet of workable coal over 40 square miles, and assuming 600,000 tons as a fair
amount of coal obtained from the square mile per foot in thickness, we have
600,000 X 40 x 20 = 480 millions of tons of coal, of such quality as it is, available in East
Berar at depths below the surface not exceeding say 60 fathoms.

Passing into Chanda we have equally an area of about one and half square miles near
Ghiigis, (making the same allowance for disturbed ground as before), and an area of about
five square miles in the north of the field. And as the beds of coal are precisely the same,
we take here the same estimate of thickness, viz., 20 feet of workable coal. And proceed-
ing on the same data, we will have, thercfore, in Chanda, 600.000 x 6:5 x 20 = 78 millions
of tons. This latter result fully bears out what was stated months since, that there was
a very much larger amount of coal available in the ‘Assigned Districts’ than in
Chanda, in the vicinity of the Wardha.

We certainly ought not to estimate more that one-half of these quantities of good
coal.

While engaged in the practical exploration of these coal-fields, I had frequent applica-
tions from the Engineers employed in making trial sections and estimates for a proposed
line of railway for information as to the position, quantity, and quality of the coal, and
as to the general question, which would b2 the line best adapted to wweet the requirements
of the case, so as to facilitate the transport of this coal to the existing lines of railway
to the north and southwards to the Godavery. It was also asked that the opening up
of the cotton country should be borne in mind. Every information was readily afforded
from time to time as new facts were ascertained.

But this necessarily led to the consideration and discussion of the best direction in
which to carry a line of railway with these avowed objects. The intended point of junction
with the Bombay and Nagpir line was stated to be the Wardha station, and it was at first
assumed that the line must go to Chanda or through the Chanda district. Long since I
pointed out that it required but a very trifling acquaintance with the country to show that by
much a larger area of coal existed in Berar than in Chanda, and that it was simply
misleading, opinion to speak of this coal-field as the Chanda coal-field. T also had occasion to
show that the pit which was being sunk to the coal near Ghligis was quite unnecessary if it
were only intended as a means of trial of the coal, and {hat il intended as aueans of working
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the coal afterwards, it was injudiciously placed, and must be for years to come superseded
by others more conveniently located. Such general considerations, however, based on a view of
the field at large were of little avail, as compared with *practical’ views, and the work was
hastily pushed on. Itis to be hoped that the fact, that the Geological Survey have since then
pointed out the exact localities for borings and have thus proved the existence of coal within a
few feet of the surface, where, they were told, ‘such trials were only foolish blunders,” evincing
an ‘utter ignorance of the teachings of Mining,’ and were ¢at places where it was impossible
that coal could exist,” will be a warning to future enquirers in their researches, and that they
will at least try to make themselves acquainted with the geological structure of the area they
are about to examine before they trust to preconceived notions or permit themselves to be
swayed in their investigation of facts by personal wishes or local tendencies.

. The facts stated above are sufficient to show that if the object of a proposed line of
railway be to accommodate the largest amount of coal traffic, there cannot bhe a shadow of
doubt that that line of railway should go right into the middle of the Win district.

The consideration next in importance to the establishment of a free communication with
the coal-fields was stated to be * the opening out of the Hingunghat cotton country.’

But what is the Hingunghat cotton country ? By much the larger portion of the cotton,
which now finds its market at Hingunghat, and all of’ which is shipped or sent away as
Hingunghat cotton, is not grown in the immediate vicinity of Hingunghat. but is bronght
from wvery considerable distances. Previously to the opening of the Nagpir branch of the
Great Indian Peninsular Railway, a large share of its supplies was drawn from the country to
the north and north-west of the place, and much excellent cotton was brought to Hingunghat,
even from Arwee, 50 miles to the north-west, and from the districts in thatlirection. ATI this
cotton now finds its natural outlet at the nearer marts of Wardha and other places on the
line of railway, and scarcely a load, as might have been anticipated, crosses this new line of
communication to reach Hingunghat on the south. The country lying between Hingunghat
and Wardha maust also naturally seek the nearest markets for its produce. For the Hingun-
ghat market, therefore, the supplies must now be derived from the south, south-east,
and south-west. But to the south.east, and partly to the south, on the east of the river
Wardha, with the exception of a small area near to the town, the country is almost an
unbroken jungle for hundreds of square miles. The so-called *southern ruad,” although it
passes very near to the large towns of Wurrora and Bhanduk, searcely touches even isolated
patches of cultivation for its entire length from near Hingunghat to near Chanda, and
again south and south-east of Chanda it sweeps for mile after mile through dense jungle.
This belt of forest jungle is in places 30 to 40 miles wide from eust to west, and not
only does this immense area not yield any cotton at the present, but it is of such a nature
that no reasonable hope of its ever producing cotton profitably can be entertained. The
surface deposits are derived from the decomposition of coarse ferruginous sandstones and
other silicious rocks, which yield a dry thirsty sandy soil, in which the cotton plants cun-
not flourish. Between this immense range of forests, yielding little but mere jungle produce,
and the Wardha river there is a belt of open ground varying in width from two to ten miles,
over which are spread thick deposits of alluvial clay and occasionally regur in which a
fair amount of cotton is grown. But, as shown, this area is very limited, and the amount
of produce must be equally so. On the other hand, to the west of the Wardha, the country
is open and cultivated, and produces largely of cotton over an area very many times the
extent of the possible cotton yielding country of Chanda. And besides this large area in
Berar itself, immediately adjoining to it on the south, is the rich and well known district of
Edlabad in His Highness the Nizam’s territories, from which, even at present, with all the
difficulties of long land carriage (at least 60 miles to Hingunghat) and heavy rivers to
cross, by much the most valuable Yortion of the * Hingunghat cotton’ is obtained. I was led
to these considerations myself while engaged in the careful examination of the country (and
few persons, if any, see the country with the same detail that geologists do), but I have also
been confirmed in this view by those actually engaged in the cotton trade, and who, therefore,
were personally able to ascertain the facts. Mr. F. Curwen, zgent for Warwick and Company,
by far the largest dealers in Hingunghat cotton, stated to me on enquiry that he had given
particular attention to this important question of where the cotton which came to thas
market was grown, and had ascertained that taking the ordinary annual sales at Hingunghat
as about 30,000 bales, not more than 2,000 out of that quantity were the produce of lund
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near the town, and to the south and south-east of it on the left side of the Wardha river;
by far the largest portion and the best quality coming from the Nizam's territories (LEdlabad,
&c.,) and from East Berar.*

Equally, therefore, if the object be to open out this valuable cotton yielding country
by a line of railway, that railway must be carried through East Berar and to the west
of the Wardha.

At present the route commonly taken by the carts bringing cotton to Hingunghat is
through Wiin, crossing the Wardha river to the south-west of Wurrora, and passing through
that town to Hingunghat. In this way it is ‘that strings of cotton carts may be seen
making their way to Hingunghat,” but a very small portion indeed of their loads is derived
from Wurrora or Chanda, or any place on the east of the river.

These facts also account for the small and ‘not increasing’ cotton trade at Wurrora,
which is too near to the larger and more important mart of Hingunghat and too far from
the main source of the raw cotton to absorb much of the trade. There can be no doubt that
if once railway communication be opened up into the Wén and Edlabad country, new marts
and presses for cotton will rapidly spring up in more immediate proximity to the places of
growth of the crop, where the risks of injury from exposure on open carts and from delays
In bringing to sale will be reduced to a minimum. And in this point of view, it may
well deserving of consideration whether the necessarily reduced trade of Hingunghat will
then repay the cost of construction of a branch line of railway.

Other special objects to be gained by the construction of a branch line of railway were
stated to be the utilization of the timber forest of Aheree and the connection of the Goda-
very navigation with Central India. To accomplish either of these objects, it is essential
that the proposed line should be carried as far to the south as the bottom of the third barrier
on the Godavery river, or to the town of Mogéli, or rather Talye or Talawye, on the
west, or of Dewalmurri on the east of the Pranhita. To accomplish this, it was proposed
to carry on the line, which it was assumed would go to Chanda town, to Kirmirri, where
a sound rockyt foundation for a bridge would be obtained, and crossing the Pranhita
there to proceed to Mogéli, on the opposite or west bank of the river. How the timber of
Aheree which lies away from the river on the east side was to reach the railway on the
west I know not. But there is little need to discuss this, for the surface of the country
to the south of Chanda town offers physical difficulties, which will prevent any economical
construction of a line of railway there. The line, alluded to above, if carried into East
Berar could, on the other hand, be prolonged to Mogéli, or Talye, without meeting with
any equally serious difficulty. It could cross the Pemgunga above the junction of the
Wardha, where the body of water and the cost of bridge would not be one-half of what it
is at Kirmirri, and where it would be close to coal.

Exactly the same arguments suggest themselves if we consider the conmection of the
Godavery navigation with Central India, to accomplish which, the main point would, of
course, be to obtain the cheapest and best road to the bottom of the third barrier. But to
these may also be added the fact, that there is every prospect of a considerable area of coal
in the Nizam’s territories between the Pemgunga and the Pranhita, all of which would be
economized by a line of railway on that side of the Pranhita, but would be useless or nearly
useless if that communication were carried out on the opposite bank, where no coal occurs.

Any advantages anticipated from the introduction of the Wardha coal into the southern
parts of the Peninsula (Madras, Hyderabad, &c.,) would be common to either line. But these
may be, I think, put out of present consideration altogether. If, on further investigation,
the coal known to occur near Dumagudium and to the south of that place prove abundant

* The Tehsildar of Win reports that the gronnd under cotton cultivation this year was 28,177 acres: the
average produce for each acre was 76}lbs., the total produce 1,077,770 seers = 9,000 bojas, or 18,000 guttas (bales).
Besides the above, about 12,000 bojas, or 24,000 guttas, are carried through this talug to Hingunghat from His
Highness the Nizam’s territories, from Rsjur, Manikgur, and Edlabad talugs.—4pril 1870,

+ It is a singularly perverted misapplication of a tolerably well known geological term to speak of the wide
spread arca of crystalline rocks which are exposed at Kirmirri and to the east as a “gneiss dyke.” The only
real use of such special terms is to convey accurate ideas without the necessity of long descriptions, but if employed
wl:u-u their meaning i8 not known they must have exactly the opposite effect, and must lead to confusion and
obscurity.
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and of fair quality, there would be no hope of contending with that field for the supply of
Madras or elsewhere to the south. And 1t is greatly to be regretted that Colonel Haig was
not supplied with the means of investigating this very important question during the present
ear. And in any case coal does occur many miles to the south of the Chanda coal in the
hizam’zh territories, which is much more conveniently placed for meeting any demands from
the south.

Other considerations have been introduced incidentally as it were, which may be just
alluded to. *‘The rich iron ores of Chanda would before long,' it is said, ‘ be smelted at
foundries near the cosl-field.” Whether such a rapid introduction of iron works can fairly
be looked for uunder any circumstances is more than quéstionable. That rich iron ores do
exist in the Chanda district is well known, and equally that they exist in practically exhaustless
quantity (there is a whole mountain nea.rl%bo, mile long of magnetite in one place), but these
ores do nof occur near the coal-fields. ere is als:iematite ore in the Yanak hills, near
to whlere the line of railway if carried down there ought to cross the Pemgunga, and near
to coal.

In all these remarks T would say that I have purposely avoided entering on any ques-
tion of the comparative facilities, or com(famtive economy of construction of any such line.
Some years’ experience in laying out and making railways might justify my discussing these
points, but I have known so many instances of abs mistakes as regards sections and
estimates for such works based on a mere inspection of the ground, or put together on the
information of others only, that I would not venture to offer an opinion without actual
survey. Nor is there any necessity to do so. Trial sections have, I believe, been taken over
both the lines referred to, and I am much mistaken if these sections have not shown how
entirely below the mark the first estimate of the cost was. But, ceteris paribus, I merely
wish to assert, that a line of communication direct from Wardha into East Berar will
accommodate any likely traffic in coal, and will open out the cotton country infinitely better
than a line direct to Chanda, or through the Chanda district.

I cannot close without noticing how much, in my opinion, this matter has been obscured
by the umhesitating adoption of the term of the Chanda coal-field. It so happens that just
tgere the territory immediately adjoining is under a separate government, and belongs to a
different jurisdiction, and the very existence almost of the Berars has been scarcely alluded
to in discussing lines of communication, which were to be designed for the benefit of the
country at large. But geological formations are not coincident with political boundaries fixed
for the convenience of man. Such examinations acknowledge no fiscal limits; we have but to
ascertain the facts carefully, and then to state them freely, convinced that any attempt to
force the teachings of those facts into a preconceived groove of local tendencies must fail
sooner or later, as does every such effort to run counter to the laws of nature.

Whether even the large extent of coal proved to exist in Berar, of a quality such as it
is shown to be, and varying so much as it does at different points, will repay the charges for
construction of a line of railway, is, I think,.worthy of much closer consideration than it
has yet received. The calculations which have been gone into in great detail, although
correct in themselves, are based on data, which even the few weeks that have since elapsed
show to be fallacious. English coal was taken as costing at Bombay on ar average Rs. 30
per ton ; at Nagpiir Rs. 60 to Rs. 70. And it was calculated, even allowing for the use of
two tons of local coal instead of one of English, that at any place east of Bhosawul a saving
of £1 6s., or Rs. 13 per ton, would be effected by the use of Ghﬁg{m coal. The price
of English coal at Bombay is now, April 1870, Rs. 14 per ton, that 1s, less than one-half
the price calculated, or a difference in first cost greater than the estimated saving!! I do not
believe that this rate can be maintained, but it 1s quite possible that the continued use of the
Suez Canal will tend to vreduce very considerably the average cost of English coal at Bombay.

This one item alone would totally upset all the calculations of cost, of profit, and of
traffic even. And before it can be asserted that a branch line of railway to the Wardha
river coal-fields will even repay interest on the cost of its construction, vastly more careful
and more widely gathered statistics, both as to cost and amount of traffic than have as yet
been hastily procured, or at least published, must be sought for.

May 1st, 1870. T. OLDHAM.
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RerorT oN THER CoAL AT KorBA IN THE Biraspur District, by W. T. BLaNrorn, Esq.,
F.G. 8., Ass, RovaL ScHOOL oF MINES, Dep. Supdt., Geological Survey of India.

1. Locality and mode of outcrop.—The village of Korba is situated in the eastern
part of the Bilaspir district belonging to the Chhatisgarh (Chutteesgurh) division of
the Central Provinces, and is the residence of a zemindar who owns a large portion of the
surrounding country. It lies on the left or eastern bank of the Hasdo river, a large tributary
of the Mahanaddi. This stream has in most places a broad sandy bed, varying, however, from
about 200 yards to above half a mile in breadth. The country around Korba for many
miles in all directions is flat or very gently undulating and usually covered with clay.

Coal is exposed in two places close to the right (western) bank of the river just below
Korba. The exposures are in the bed of the river, no section being seen in the bank itself,
and, as will presently be shown, it is probable that both belong to the same seam of coal.
A very slight rise in the river is sufficient to conceal both outerops.

The lower outcrop, which is about half a mile below the village, is the best suited for
examination, as both the top and bottom of the scam are exposed. A considerable proportion
of the section is above water during the dry season, althou E there is always a great thick-
ness concealed. The seam is remarkably thick, but owing to its mode of occurrence it is
impossible to measure it exactly. It may, however, be computed sufficiently closely for all
practical purposes. The dip varies in inclination from 13> to about 18° and in direction
from N.-30°-E., at the northern extremity of the section, to N.-16°-E. at the southern end.
The horizontal breadth of the outcrop at rnght angles to the strike is 350 feet, and, taking
the average dip at 15,° the corresponding thickness is 90 feet. This, I believe, is rather below
the truth than in excess of it.

Both above and below the coal massive felspathic sandstones occur. Below the seam
but a small thickness of these rocks is exposed, but above it at least 400 or 500 feet are seen
in the river.

2. Section of Coal seam and quality of Coal.—Of course the great thickness already
mentioned does not consist throughout of workable coal. Bands of shale and of inferior
coal are interspersed, as is more or less the case with most Indian coal seams. From the
imperfect manner in which the seam is exposed, especially towards the base and from the
surface, as usually happens in similar positions, being extensively decomposed, it is impossible
to obtain a correct idea of the quality of the coal without cutting into it. I consequently
had a series of small pits dug, six to seven feet deep, and from these and the portions of the
seam fairly seen in the river bed, I obtained a good section of the whole thickness with the
exception of about ten feet. To examine these few feet would have caused some delay with
the means at my disposal, and I had already fully ascertained the existence of a large pro-
portign of good coal.

The secction of the seam thus ascertained is the following. Of all the bands of coal
to which lctters are attached specimens have been transmitted to Caleutta for analysis : —

Sandstone. ' Feet. Inch.

Shale, about
Coal of fair quality ...
Inferior coal
Shale and inferior coal
Good coal, an inch or two of inferior coal here and there
Good coul...
Shale and coul mixed
Good coal...
Shale with bands of coal
Good coal...
. Coal and shale mixed
Shale with bands of coal
Coul of fair quality ...
Inferior coal
Good coal...
Shale
Coal
Shale
Coual
Shale and inferior eual
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Good eoal containing one or two thin bm‘l‘t‘ls of shale
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Sandstone. Feet. Iuch,
Brought forward .. 4 3
Good coal .. 4 0f
£hale with bands of coal .3 0
Shale and cou!, the latter good in part .. .3 0
Coal rather inferior in part, but generally good .3 8
Shale ... .1 0
Good coal .1 0
Not examined, about... .3 0
Shale .10
Good coal . 4 6y
Not ezamined, about... .3 0
Good coal ]
Shale .0
.8
.38
.0
.2

8i
Not exumined, about... . 0
Shale . 4
Good coal... 8j
89
Sandy shale
Sandstone

The above section shows a minimum thickness of 50 feet of fair coal. The proportion
is probably nearer two-thirds of the seam. The best bands appear to be those marked
b, g, and k ; portions of these and especially the lower two feet of b # appeared to me equal
in quality to any coal found in the Ranigunj ficld. There is some iron pyrites here and
there, but not throughout. The coal ignites readily and burns well with rather more
flame than is usual in Indian coal obtained from the surface. The ash left is large in
quantity and partly red, partly white. :

Probable extent of seam.—Metamorphic rocks are seen in the Has d o about three miles
south of Korba, and also at about the same distance to the north : these mark the limits of
the beds accompanying the coal in those directions. East and west the coal-bearing beds
extend to a great distance, and to the north-east they are apparently continuous witﬁ those
forming the hills east of Chdri and Sutringa, and these are probably part of one large tield
which has been found by Mr. Medlicott to extend beyond Sirgdja. But unfortunately
the surface of the country near Korba is so much covered with alluvial deposits that
very few rocks are visible, and those seen are almost invariably coarse sandstones, the dip
of which can rarely be determined accurately. West of the Hasdo the concealment is even
greater than to the east, while in the latter direction the whole country is an immense forest,
rendering the relative position of the few outcrops met with very obscure.

But little information can be derived from the rocks seen in the Hasdo. The second
outcrop of coal occurs about 300 yards higher up the river than that already described,
and close to the same (right) bank. Itis distinctly scen to be faulted against the sandstones
which overlie the coal exposed at the southern outerop. About 50 feet of coal are exposed,
neither the top nor the base of the seam being visible. The dipis very irregular and
twisted owing to the fault close by; it averages about 12° to N.-10°-W.

It appears more probable that this is the same seam as that seen a little further down
the river, and that it 1s brought up again by the fault than that two scams of such unusual
thickness should occur in the same beds. This, however, can only be decided positively by
boring. The coal at the more northern outerop appears rather inferior to that seen to the
south, but in the latter locality the central portion of the seam contains more shale and
inferior coal than the top and bottom, and it 1s the central portion of the seam which alone
is exposed to the north. If the two outcrops belong to the same seam the fault has a down-
throw on its eastern side of no great amount, pro%ably not much above 100 feet.

So far as any reliance can be placed upon the dips in the sandstones, the general direc-
tion appears to be north by east to north-north-east for about a mile up the river above
the coal. Beyond this no rocks are seen. Just above the village of Korba on the left
bank there is a reversed dip to the south-west, but it is probably local.

_Below the southern outcrop rock is only seen in the river at distant intervals; the few
sections observed appear to indicate that the direction of the dip changes to the eastward.

* By arough cxperiment, T obtained very fair coke from this part of the scam,
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In thie case the outerop of the seam may pass for a long distance down the river, being
concealed by the sand i the bed, which is here of great wigth. All dips seen appear to be
lower than those at the outcrop of the coal, and it is highly probable that the amount of
inclination may be higher at this spot than it is elsewhere, and the direction of the dip
different in consequence of the fault close by. The circumstance already mentioned of the
variation in both amount and direction of dip at different parts of the outcrops in the coal
seam itself is in favor of this view.

So far as an opinion can be formed on these very imperfect data, it appears that the
rocks associated with the coal cover a large tract of country, and it is improbable that so
thick a seam should thin out within a short distance. r{t is, however, quite in accordance
with our knowledge of similar seams in other parts of India that the exact thickuess,
the quality of the coal, and the proportion of good coal to inferior coal and shale should
be highly variable. .

If the coal seam be continuous it should be found west of the Hasd o throughout a tract
from one to two miles brgad, extending probably in a west-north-western direction from the river,
the southern boundary of this tract passing through the more northern of the two outcrops
seen in the river. East of the stream the seam should underlie the village of Korba and the
river bank for at least a mile below and probably one to two miles above the village, and it
may extend for an indefinite distance to the eastward, but it is possibly at a considerable
depth below the surface throughout a large proportion of the area.

It is evident that before attempting to open a coal mine, boring must be resorted to in
order to ascertain the extent of the seam and its depth beneath the surfuce. The best places
for boring will depend upon whether it is desirable that the coal should be extracted on the
east or on the west side of the Hasd o.*

If to the west, as the strike of the rocks is somewhat uncertain, the first boring
should be made about a quarter of a mile west-north-west of the spot where the more
northern outcrop appears in the river. Although the strike at the outcrop is west by south,
there can be but little doubt that the normal strike is north of west, and that the aﬂemtion
is due to the fault. Should the coal not be found in the first boring within a depth of 200
feet, two others, one 300 yards further north, the other at the same distance to the south,
should be made. When the true direction of the outcrop is ascertained, it will be well to con-
tinue the borings along it at distances not exceeding half a mile apart, as any slight change
of direction coupled with the high dip (if the latter be constant) will take the coal below
the depth to which borings can most conveniently be made. There is also a possibility of
other Fx.ults occurring besides that seen in the river.

On the east of the Hasdo the question is simpler. The fault so frequently referred
to must either pass through the village of Korba or just south-east of it. West of the
fault a boring behind the zemindar’s residence would probably pass through the seam.
East of the fault the best place for boring is at a spot where sandstone occurs in the
left bank of the river below Korba, due east of the more southern outcrop on the right
bank. Owing to the rather high dip, these borings should be made to a depth of about
400 feet, if coal be not found sooner. But, as I bave already suggested, it is far from
improbable that the high dip is local, and that on the left bank of the Hasdo the inclina-
tion is less, in which case the coal may be found at a moderate depth. Other borings,
if the above are successful, may be made at intervals along the east bank of the stream
below Korba. To the north of Korba the coal for some distance is probably at a con-.
siderable depth, but if continuous, it must again rise towards the surface between one
and two miles north of Korba. It is, however, impossible to indicate with accuracy a
good spot for boring in this direction. The best plan for examining the ground would
be to put down a series of borings along a line running north-north-east from Korba at
half mile intervals.

Facilities for mining.—The dip of the seam where seen in the river, although con-
siderable, is by no means so high as to be any impediment to mining beyond its effect
in rapidly increasing the depth of the seam below the surface. The sandstone above

* In case of a railway bridge heing nccessary across the Hasdo, Korba appears to be a more favorable
sﬂol than any other in the neighbourhood, as the breadth of the river is moderate and a considerable portion of the
cranm:’l rocky. Forseveral miles above aud below, the breadth is very much greater, and the bed a wide expanse
of sand.
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the coal is firm and massive, and will probably furnish a good roof. The coal appears
compact, the joints or “ backs” are rather irregular, but still sufficiently marked in general
to facilitate mining. Some of the very best and brightest coal is as usual rather brittle,
but the ter portion of the seam bears carriage well. This bright coal, as I have
mentioned, makes a very fair coke, and in that state is far less brittle, besides being much
lighter and consezuently costing less for carriage. The cost of coking in ovens heated
by waste coal would be very trifling.

In consequence of the absence of bands of shale in the overlying sandstone, the
quantity of water may be rather larger than usuval, but in the small pits dug in the bed
of theriver the coal did not appear in general to be porous.

In mining a seam of such thickness as this, especially where the proportion of good
coal is large, if the roof prove as sound as will probably E the case, it will be an important
economic question whether some more advantageous method of mining cannot be adopted than
that of removing a small section of the seam, not exceeding twelve feet in height, i “long
wall” or still worse by * post and stall,” more especially as it is highly improbable that the
best bands of coal will be found for any distance on the same horizon, a most serious draw-
back to mining on either of the two English systems mentioned. It would, however,
be premature to enter into this subject at present, but the methods adopted for extracting
the thick deposits of lignite or brown coal found in parts of Germany are deserving of
attention.

Conclusion.—1 have endeavoured to show my reasons for the opinion I have formed as
to the Korba coal. My conclusions are briefly, that both the quality and mode of occurrence
are favorable. In thickness, in quality, and in the proportion of %ood coal to inferior coal
and shale, the seam surpasses that near Chanda. The question of the extent over which the
coal extends must be ascertained by boring.

Camp KoRBa, }
18tk April 1870.

The following table gives the result of assay of the coals referred to in Mr. Blanford's
report just given :—

\
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9tk May 1870.

DONATIONS TO MUSEUM.

January 4th —Specimens of clay, limestone, and hydraulic cement made therefrom.—
A. LoNspaLE, Esq., Moulmein. .
» 17th.—Copper ore from Tunjee guard near Heran tee. Iron ore and a few minerals
from Darjeeling.—CoLonEL HavgHTON, Darjeeling.
Marck 23rd.—Copper and copper ore from Dalimkote.—CoLONEL HAUGHTON.
” 3Otlt.—SPecunens of galena from Kulu valley.—J. CALVERT, Esq., M. E.
" 30th.—Ditto ditto from the Phansee Shan Co.—J. ANDERsoN. Esq.. ¥. D.

* Cakes slightly.
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ACCESSIONS TO LIBRARY,

Froy 1sT JANUABRY TO 31sT MarcH 1870.

Titles of Books. Donors.
AcGassiz, L.—Address delivered on the Centennial Anniversary of the birth of Alex. von
Humboldt., 8vo., Boston, 1869. s8TON Soc. oF Nat. HisT.
ArvriN, C. D. H.—Report of the Govt. Geologist, Southern Division Queensland, (Pamphlet).
Fls., Brisbane, 1869. R. DAINTEEE, Esq.
ArrLIN, C. D. H.—Progress Report of Govt. Geologist -for South Queensland, (Pamphlet),
Fls., Brisbane, 1869. R. DaiNTREER, Es8q.

BinNEY, W. ., & BLaND, T.—Land and Fresh Water Shells of North America, Part I,

Pulmonata Geophila, (Smithsonian Mis. Collection, No. 194), 8vo.,

Washington, 1869. TrE INsTITUTION.

DainTrEE, R.—Report of Govt. Geologist, Northern Queensland, on Gold Discoveries in the
Gilbert Ranges, (Pamphlet), with maps, Fls., Brisbane, 1869.

THE AUTHOR.

DainTREE, R.—Report on the Cape River Diggings and the latest Mineral Discoveries in

Northern Queensland, (Pamphlet). Fls., Brisbane, 1868. THE AUTHOR.

DainTeREE, R.—Report on the Gilbert Ranges Gold Fields, North Queensland, (Pamphlet),

Fls., Brisbane, 1869. THE AUTHOR.
DaInTREE, R.—Progress Report on the Northern Districts, Queensland, (Pamphlet), with
maps, Fls., Brisbane, 1869. THE AUTHOR.

Dzsor, E. et Lorior P. pE.—Echinologie Helvétique. Description des oursins Fossiles de
la Suisse, Parts 4 and 5, 4to., Paris, 1869.

DumorTIER, Eva. —Etudes Paléontelogiques sur les Dépots Jurassiques du Bassin du
Rhone, Part II, 1867 ; Part III, 1869, 8vo., Paris.

Favre, E.-—Description des Mollusques Fossiles de la Craie des Environs de Lemberg, 4to.,
Genéve, 1869.

GEervais, Pavir.—Zoologie et Paléontologie Générales, Parts 12 and 13, 4to., Paris,
1869.

GruroN, Ava.—Cours de Métallurgie générale rédigé sur les notes du cours fait 4 I'école,
des Arts et Manufactures et des Mines, with Atlas, 8vo., Liege,
1869.

GREER, A. H,, Dakyns, J. R, & WakD, J. C.—Memoirs of the Geological Survey of Eng-
land and Wales. The Geology of part of the Yorkshire Coal-field,
8vo., London, 1869. GEoOL. SUR. oF GREAT BRITAIN.

GrEEN, A. H., FosTEr, C. LeNeve, & DAR¥YNs, J. R.—Memoirs of the Geological Survey of
England and Wales. The Geology of the Carboniferous Limestone,
Yoredale Rocks, and Millstone grit of North Derbyshire and the
adjoining parts of Yorkshire, 8vo., London, 1869.

GEOL. SUR. OF GREAT BRITAIN.

GiintEER, A.—The Record of Zoological Literature, 1868, Vol. V, 8vo., London, 1869.

Haggis, M. D.—Entomological Correspondence. Edited by S. H. Scudder.  Published by

B. S. N. H., 8vo., Boston, 1869. Boston Soc. oF Nat. Hisr.
HaveHTON, REV. S.—On some Elementary Principles in Animal Mechanics, No. II, (Pam-
phlet), 8vo., 1869. . THE AUTHOR.

HaveHTON, REV. S.—Notes of a Comparison of the Granites of Cornwall and Devonshire
with those of Leinster and Mourne, (Pamphlet), 8vo., 1869.

THE AUTHOR.

Hvurr, E.—Memoirs of the Geological Survey of England and Wales. The Triassic and

Permian Rocks of the Midland Counties of England, 8vo.. London,

1869. GEoL. SUR. OF GREAT BriTAIN.
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Titles of Bouvks. Donors.

HuxT, Rosert.—Memoirs of the Geologigal Survey of Great Britain, &c. Mineral Statistics
of the United Kingdom of Great Britain and Ireland for the year
1868, 8vo., London, 1869. GEoL. SUR. oF GREAT BriTalN.

KErPELY, A. K.—Boricht iiber die Fortschritte der Eisenhiitten—Technik im Jahre, 1867,
4th Jehrgang, 8vo., Leipzig, 1869.

LinpenscaMIT, DR. L.—Die Atherthiimer unserer heidnischen Vorzeit, Vol. II, Pt. 12.
(Published by the Romisch-Germanischen Central Museum in
Mainz), 4to., Mainz, 1870. :

LuBBock, Sie JoEN.—Pre-Historic Times, as illustrated by Ancient Remains, und the
Manners and Customs of Modern Savages, 2nd edition, 8vo., Loudon,

1869.
Meunies, M. S.—Géologie Comparée. Etude Mineralogique du fer Météorique de Deesa,
8vo., Paris, 1869. HE AUTHOR.

OosTER, W. A.—Pétrifications Remarquables des Alpes Suisses,—le Corallien de Wimmis,-avec
une Introduction Géologique p. Fischer Ooster, 4to., Géneve, 1869.

PerrerseN, KaeL.—Geologiske Undersogelser i Tromse omegn i Aarene, 1865-67, 8vo.,

Thorndhjen, 1868. UNIVERSITY OF CHRISTIANIA.
Picrer, F. J.—Matériaux pour la Paléontologie suisse, 5th série, Parts 4, 6, 4to, Genéve,
1869.

PoxsoN, A. T.—Traite de I'exploitation des Mines de Houille, 2nd Edition, Vol. II, with
Atlas, 8vo., London, 1868 ; Atlas, Royal Fol.

RosexN, F. B.—Ueber die Natur der stromatoporen und iiber die Erhaltung der Hornfaser
. der Spongien im fossilen Zustande, 8vo., Dorpat. 1867.

RutanNer, De. A. VoN.—Aus Tirol Berg-und gletscher-Reisen in den &sterreichischen
Hochalpen, Neue Folge, 8vo., Wien, 1869.

RiTiMeYER, PROF. L.—Ueber Thal-und see-Bildung, Beitrige zum verstindniss der ober
Fliche der Schweiz, 8vo., Basel, 1869.

SExXE, S. A.—Boiumbraeen, en Juillet, 1868, 4to., Christiania, 1869.
UNIVERSITY OF CHRISTIANIA
SmyTtH, R. B.—Go0ld Fields and Mineral Districts of Victoria, 4to., Melbourne, 1869.

TscHErMAK, DR. G.—Die Porphyrgesteine oOsterreichs aus der wittleren Geologischen
Epoche, 8vo., Wien, 1869.

ZiegeL, Dr. F.—Untersuchun%en iiber die mikroskopische zusammensetzung und structur
der Basaltgesteine, 8vo., Bonn, 1870.

PERIODICALS, &C.
American Journal of Couchology, New Series, Vol. V, Pt. 2, 8vo., Philadelphia, 1869.

American Journal of Science and Arts, New Series, Vol. XLVIII, No. 143, 8vo., New Haven,
1869.

Annals and Magazine of Natural History, 4th Series, Vol. IV, No. 24, 1869 ; Vol. V, Nos. 25
and 26, 1870, 8vo., London.

BrocaMaNN, H.—Bibliotheca Indica, Afn-i-Akbarf by Abul Fazl i'Mubariki i’Alldmi,
New Series, No. 168, Fasc. IX, Part IT, No. 1, 4to., Calcutta, 1869.

. GovT. oF INDIA.
Geological Magazine, Vol. VI, No. 12, 1869; Vol. VII, Nos. 1 & 2, 1870, 8vo., London.
Indian Annals of Medical Science, No. XX VI, 8vo., Calcutta, 1870. Tar Epitor.

Indian Economist: a Monthly Journal devoted to Economic and Statistical Inquiries con-
cerning India. Vol. I, No. 5, with Supplement. Fol., Calcutta. 1869.
Govrt. oF INDIA.
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Titles of Books. Donors.

JJournal de Conchyliologie, 3me série, Vol. X, No. 1, 8vo., Paris, 1870.

LeonHaRD, G., UND GEINITZ, H. B.—Neues Jahrbuch fiir Mineralogie, Géologie und Paléon-
tologie, Jahrgang, 1869, VII, 8vo., Stuttgart, 1869.
Palontographica, Vol. XVII, Part 4, 4to., Cassel, 1869.
PrTEBMANN, DR. A.—Geographische Mittheilungen, Parts X, XI, XI1, for 1869, Part I, for
1870, 4to., Gotha.
PrerFFER, DR. L.—Malakozoologische Blitter, Vol. XVI, 9-12 Bog., 8vo., Cassel, 1870. '
Professional Papers on Indian Engineering, Vol. VII, No. 26, 8vo., Roorkee, 1870.
PrincipaL, THOMASON COLLEGE, ROOREEE.
Quarterly Journal of Microscopical Science, New Series, No. XXXVTII, 8vo., London, 1870.
Quarterly Journal of Science, No. XXV, for January 1870, 8vo., London, 1870.
Records of the Geological Survey of India, Vol. ITI, Pt. 1, 8vo., Calcutta, 1870.
GEoL. SURVEY oF INDIA.
Revue de I'exposition de 1867, Mines, Métallurgie, &ec., Vol. ITI, 8vo., Paris, 1869.

Revue universelle des Mines de la Métallurgie. &c., Tomes XXV et XXVI, Livraisons 5me
et 6me, 8vo., Liege, 1869.

RoyER, DB. E.—Novitates Conchologics, Suppl. IIT, Lief 20, 21, 4to., Cassel, 1869.
GOVERNMENT SELECTIONS, &C. (FROM THE GOVERNMENTS).

BENGAL.— Annual Report on the Administration of the Bengal Presidency for 1868-69, 8vo.,
Calcutta, 1869. GovT. oF BENGAL.

Report on the Administration of the Customs Department in the Bengal Presi-
dency for the year 1868-69, Fls., Calcutta, 1869. GovT. oF BENGAL.
Report on the Police of the Lower Provinces of the Bengal Presidency for the
year 1868, Vols. I, II, 8vo., Calcutta, 1869. GovT. oF BENGaL.
Kurz's Report on the Vegetation of the Andaman Islands, accompanied by a

Report on the Forests, with a Map, Fls., Calcutta, 1870.
GovT. oF BENGAL.
Mvureay, Dr. J.—Report on Vaccination Proceedings throughout the Government
of Benga.Eowith an Appendix for the year ending 31st March 1869,
Flg., Calcutta, 1869. GovT. oF BENGAL.
Aunual Report on the Convict Settlement of Port Blair for the year 1868-69, 8vo.,
Calcutta, 1869. GoVT. oF BENGAL.
General Report on the Revenue Survey Operations of the Bengal Presidency,
Upper Circle, for season 1868-69, Fls., Calcutta, 1870.
CoL. J. E. GasTRELL.

Report on the Revenue Survey Operations of Lower Provinces of Bengal for

scason 1868-69, Fls., Calcutta, 1869. CoL. D. C. VANRENEN.
Britisa Burman.—(Home Department)—Report on Civil Justice for 1868, Fls.. Rangoon,
1869. . CHIEF COMMISSIONER.
(Home Department)—Report on Criminal Justice for 1868, Fls.,
Rangoon, 1869. CHIEF COMMISSIONER.
(Home Department)—Report on Hospitals and Dispensaries for 1868,
8vo., Rangoon, 1870. CHIEF COMMISSIONER.
(Home Department, Sanitary)—Report on Public Health and Vital
Statistics for 1868, 8vo., Rangoon, 1870. CHTEF COMMISSIONER.
(Foreign Department, General)—Administration Report for 1868-69,
8vo., Rangoon, 1869. CHIEF COMMISSIONER.
(Financial Department)—Report on the Excise Department for 1868-69,
8vo., Rangoon, 1870. CHIEF COMMISSIONER.
P
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INDIA,—General Report on the Topographical Surveys of India, and of the Surveyor
General's Department, Head Quarter Establishment, for season 1868-69,

Fls., Calcutta, 1870. SUBVEYOR GENERAL OF INDIA.
” Report on the Revenue Survey Operations in British Burmah for season 1868-69,
: Fls., Calcutta, 1869. Cor. D. C. VANRENEN.

N. W. Provinces.—Selections from the Records of Government, N. W. P., 2nd Series,

Vol. ITI, No. 1, 8vo., Allahabad, 1870. Govr., N. W. PROVINCES.

Oupu.—Selections from Records. Indebtedness of Cultivators in Oudh, 8vo., Lucknow, 1868.

CHIEF COMMISSIONER.

v Census of Oudh, Vol. I, General Report: Vol. IT, Appendices and Statistical Tables.
Compiled by J. C. Williams, Fls., Lucknow, 1869.

CHIEF COMMISSIONER.

PunNJsas.—Selections from the Records of the Government of the Punjab and its Dependencies,

No. VI, New Series, 8vo., Punjab, 1870. GoveEENMENT oF PunJas.

” Reports on the administration of the Punjab and its Dependencies for the year
1868-69, 8vo., Lahore, 1870. (GOVERNMENT OF PUNJaB.
" Report on the administration of Criminal Justice in the Punjab and its Depend-
encies during the year 1868, 4to., Lahore, 1869.  GovT. oF PuNsas.

” Report on Popular Education in the Punjab and its Dependencies for the year
1868-69, Fls., Lahore, 1869. Govr. oF Punias.

TRANSACTIONS OF SOCIETIES, &C.

Amragrst.—Bulletin of the Museum of Comparative Zoology, Nos. 7 to 13, 8vo., Cambridge,
1868. Mvuseum oF CoMP. ZooL., AMHERST.
” Annual Report of the Trustees of the Museum of Comparative Zoology, toge-

tﬁer with the Report of the Director, 1868, 8vo., Boston, 1869.
MesguM oF CoMP. ZooL., AMHERST.

BrariN.— Zeitschrift fiir Ethnologie, Part V for 1869, Part I for 1870, 8vo., Berlin.

BosToN.—Memoirs of the Boston Soc. of Natural History, (New Series), Vol. 1, Part 4,

4to., Boston, 1869. BosTton Soc. or Nar. Hisr.
. Proceedings of the Boston Soc. of Natural History, Vol. X1I, Pages 1—272, 8vo.,
: Boston, 1868. BostoN Soc. oF Nar. Hisrt.

Cavrcurra.—Journal of the Asiatic Society of Bengal, Vol. XXXVIII, Pts. 1, 2; No. 4, for

1869 ; Vol. XXXIX, Pt. 2, No. 1, for 1870, 8vo., Calcutta.
THE SociETY.

” Proceedings of "the Asiatic Society of Bengal, No. 11, for 1869, Nos. 1, 2, 3,
for 1870, 8vo., Calcutta, 1869. THE SoCIETY.
. Report of the Calcutta Public Library for 1869, (Pamphlet), 8vo., Calcutta, 1870.

TrUSTEES, CaL. PUB. L1BRARY.

CoroMBo.—Journal of the Ceylon Branch of the Roy. As. Soc. of 1845, 8vo., CoromBo, 1859.

H. NevirLL, Esq.

i)BEBDnN.—Sitzungs-Beﬁchte der Naturwissenschaftlichen Gesellschaft Isis in Dresden,

.Nos. 7-9, July, August, September, 1869, 8vo., Dresden, 1869.

GEsELLS. Is1s, DRESDEN.

DusLiN.—Journal of the Royal Geological Society of Ireland (New Series), Vol. II,

Part 2, 8vo., Dublin, 1869. THE SocigTy.

EpixpuRacH.—Transactions of the Royal Scottish Society of Arts, Vol. VII, Parts 4, 5, for

1868; Vol. VIII, Part 1, for 1869, 8vo., Edinburgh. TaE Socikry.
FLorENCE.—Bollettino Geologico d'Italia, No. 1, Anno 1870, 8vo. Ditro.

Kox1esBERG.—Schriften der koniglichen physikalisch. 6konomischen Gesellschaft zu Kon-
igsberg, X, abtheil I, 4to., Konigsberg, 1869.
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Titles of Books. Donors.
LoxvoN.-~Journal of the Royal Asiatic Society of Great Britain and Ireland, Vol. 1V,
Part I, New Series, 8vo., London, 1869. THE SoCIETY.
Journal of the Soc. of Arts, &c.. Vol. XVII, Nos. 883—886: Vol. XVIII.
Nos. 887—895, 8vo., London, 1869-1870. TaE SOCIETY.
Quarterly Journal of the Geological Society, Vol. XXV, Part 4, No. 100, 8vo.,
London, 1869. TrE Socigry.

" Proceedings of the Royal Society, Vol. XVIII, No. 115, 8vo., London, 1870.
THE SocCIETY.
Proceedings of the Royal Geographical Society, Vol. XI1I, No. 5, 8vo., London,
1869. THE Socigry.
" Proceedings of the Royal Tnstitution of Great Britain, Vol. V, Parts 5, 6, 7, 8vo.,

London, 1869. Rovar INsTITUTION.

" List of the Members, Officers, and Professors of Royal Institution of Great
Britain, 8vo., London, 1869. Rovar INsSTITUTION.

Moscow.— Bulletin de la Société Impériale des Naturalistes de Moscou, Année, 1868, Vol. XLI,
No. 4, 8vo., Moscou, 1869. Soc., ImPERIALE, Moscow.

Paris.—Bulletin de la Soc. Géologique de France, 2nd Series, Vol. XXVI, No. 3, 8vo.,
Paris, 1868 & 1869. THE SocIETY.
PatLADpELPAEIA.—Journal of the Franklin Institute, 3rd Series, Vol. LVIII, Nos. 3, 4, 8vo.,
Philadelphia, 1869. TaE INSTITUTION.

" Journal of the Acad. of Nat. Sciences of Philadelphia, New Series, Vol. VI,

Part 3, 4to., Philadelphia, 1869. THE ACADEMY.

» Proceedings of the Acad. of Nat. Sciences of Philadelphia, Nos. 1-6, from

January to December 1868, 8vo., Philadelphia, 1868.
THE AcADEMY.

” Proceedings of the American Philosophical Society, Vol. X, No. 78 for
1867, No. 79 for 1868, 8vo., Philadelphia. THE SOCIETY.

PorrraND.—Proceedings of the Portland Society of Natural History, Vol. I, Part 1 for
1862, Part 2 for 1869, 8vo., Portland.
PortLAND Soc. o Nar. Hisr.

” -Reports of the Commissioners of Fisheries of the State of Maine for the year
1867 & 1868, 8vo., Augusta, 1869. PorTLaND Soc. oF Nar. Hisr.
SsLEM.—Proceedings of the.Essex Institute, Vol. V, Nos. 7, 8, 8vo., Salem, 1868.
Essex INsTITUTE.
»  Memoirs of the Peabody Academy of Science, Vol. I, No. 1, 8vo., Salem, 1869.
PEABODY ACADEMY OF SCIENCE.
“ The American Naturalist, Vol. 1I, Nos. 1-12, from March 1868 to February 1869,
. 8vo., Salem. PEABODY ACADEMY OF SCIENCE.
St. PETERSBURG.—Bulletin de I’Académie Imperiale des Sciences de St. Petersburg, Vol. XIV,
No. 2, 4to., St. Petersburg, 1869.
ToroNT0.—Canadian Journal, Vol. XII, No. 4, 8vo., Toronto, 1869. CANADIAN INSTITUTE.
WasHINGTON.—Report of the National Acadew of Sciences, 1st Session for 1866, 2nd

_ Session for 1867, 8vo., Washington.
NATIONAL ACAD. OF SCIENCES.

” Annual Report of the Board of Regents of the Smithsonian Institution for
the year 1867, 8vo., Washington, 1868. THE INSTITUTION.

Maps.
RoEMER.—Geognostische Karte von ober-Schlesien Blatt. 1 & 4, Namslau, Brieg. Berlin.
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Taz Morrant Coar-FigLp, by H. B. Mepuicorr, M. A, F. G. 8, Deputy Superin-
tendent, Geological Survey of India.

Sketch-map of 1859.—Any one who has examined with attention the sketch-map
of the middle Narbad4 region, published in 1859 by the Geological Survey of India, must
have noticed how few actual coal-crops are marked in the large area colored as possibly
coal-bearing ; and more especially, how very partially those outcrops are distributed in that
area. With the exception of Mohpani, and the less known case nmear Lokartalai, all the
observed coal-localities occur close to the south border of the basin of stratified rocks, far
from the Narbad4 valley, on the south tributaries of the Upper Tawa and in the valley of
the Pench river. A reference to the index of colours on the sketch-map, and to the
descriptive text (Vol. II., Mem., Geological Survey, India,) would suggest possible explana.
tions of these peculiarities : two groups or formations, the Damida and the Talchir, are mapped
under one colour. It was known at the time (see. p. 149, etc.) that the coal is eongned
to the upper group; but the demarcation between the two is very obscure in this region,
and it would have geen at that time impracticable to have undertaken to separate them,
&8 no sufficiently accurate map of the country was to be had. Another possible explanation
of the anomalous distribution to which I have drawn attention is suggested by the some-
what doubtful boundary between the Damfida group and the overlying strata of the
Mahadéva series, as noticed at page 191 and elsewhere—the possibility that some of the
latter may have been locally included with the former, thus unduly enlarging the apparent
area of the coal-bearing rocks.

It has long been the desire of the Superintendent of the Geological Survey to clear up
all these known doubts, more especially with reference to the very pressing question of the
coal-supply to the railway that now passes close along the northern margin of this area. The
much increased knowledge of all these rocks that has been attained within the last few
years will greatly facilitate the final separation of the groups; and thus definite information
will be available for the guidance of mining experiments. The detailed topographical survey
of this region is now nearlf completed ; and Eroof copies before publication of some of the
rheets having been obligingly supplied from the Surveyor General's Office, the revision of
the geological work was commenced in November last. It will be some time before the

iled examination of so large an area can be completed ; but some definite results have
been already obtained, bearing very importantly upon the question of the coal-supply and the
proper direction for further mining explorations.

Alterations to be made.—~To any who have not applied the necessary reservations to
the indications of the sketch-map, the present information will be somewhat disappointing.
It is still to be expected that coaf will be found where it is not now known ; but observations
made this year greatly reduce the area to which such hopes can be applied with any con-
-fidence ; the negative indications of the sketch-map have been substantiated by the verifica-
tion of the surmises that have just been pointed out regarding them. The case may be very
briefly stated, and easily understood by a reference to the old map: the whole of the
Dhidhi valley, and all the valley of the Denwa (or Deor) north of the Pachmari range,
are formed of rocks belonging to the Mahadéva series,* in which there is no prospect what-
ever of coal; although it may occur beneath them. A note on the sketch-map indicates the

* In the report under notice the name Mahaddéva is used as that of a single group; but recent investigations
bere and elsewhere tend to show that it comprises several zroups, for which collectively the name may perhaps be
retained. It would be out of place to discuss the question iu the present report.
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doubts that were entertained regarding the Deor valley. To the soath of the Pachmari
range, including a large portion of the plain of the Tawsa, the rocks, although belonging to
the Damiida serics, are certainly higher than the true coal-bearing group of this part of
India; they are throughout more or less carbonaceous, and contain the Damida fossil
plants ; and there is therefore always a chance of coal occurring in them, as will be fully
tested by the detailed survey; but every distinct indication of coal at present kmown
throughout the entire region (with the exception of a poor Mahadéva coal to be noticed
resently) is referrible to a thin band at the base of these rocks, immediately overlying the
Ei‘:xlchir group, and outcropping near the margin of the basin, as indicated on the sketch-map.
This restriction of the apparently large area of the coal-bearing rocks brings into ter
importance the limited fields that are known, and suggests the close search for similar
small outcrops of the measures along the edge of the basin.

The Mokpani field.—The wide separation, by intervening barren (coal-less) rocks, of
the several localities where coal appears at the surﬁ‘,ce within the large area hitherto generally
referred to in this connection as the Narbadd coal-basin necessitates the recogmition of
as many distinct coal-fields. Of these, the Mohpani field is at present by far the most
important, on account of its accessible position, and because the vnﬁxe of the seams has been
proved by actual mining. Itis situated at the south edge of the Narbad4 e(iwla.ims, twelve miles from
the Great Indian Peninsula Railway at Garrarwarra, and is traversed by the Sitariva river,
in which the entire section is exposed. in a length of about a mile and & half. On the south
the measures are buried beneath lofty hills of younger rocks ; and on the east, from the sharp
bend of the river, the field is rapidly cut off by an overlap of those same strata. To the
west the extent of the field is very obscure and doubtful : for seven miles from the Sitariva
the ground is very much covered, the talus from the ridge to the south of the measures being
confluent with the superficial deposits of the plains, so tﬁt only a few small and uncertain
outcrops can be seen. A little her west, however, in the Dharajhor, a complete section is
obtained up to the metamorphic rocks at the edge of the basin; and the eoal-measures are
there altogether covered and overlapped, the whole ground being occupied by the younger
rocks. Thus the possible limits of the field as appearing at the surface are very restricted ;
and we have no certain knowledge of it beyond the much smaller area bordering the Sitariva.
A description of this locality will be the best guide to the experimental investigation of the
rost and of the possible extension of the field by working the measures through overlying
formations. The accompanying map, copied from the new Revenue Survey sheets, is not on a
sufficiently large scale to express on it the detail that would be desirable for such a purpose;
but it will at least make the case intelligible : the little map on the one inch to the mile
scale shows all that is visible of the coal-measures in this field ; the larger map shows the

area over which the measures may outcrop; beyond that area they must be sought through
other rocks.

Actual observations very limited.—Although it is now several years since mining was
commenced by the Narbada Company, very little has been done to explore the field ; all the
workings are on one spot close to the outcrop in the river. Two or three borings were made in
the immediate neighbourhood, but without cutting the coal, as will be accounted for presently.
The Sitariva Company have been too busy opening their pits, close upon the northern out-
crop in the river, to have had time for further explorations. Thus, for a description of the
field and its extent there is little more data than that available from the natural outcrops.
The extent of this information and of the field as at present known may be judged from the
statement that one square mile would very nearly include all the localities where coal is visi-
ble ; and fully one-half of that square mile is occupied by rocks below the coal-measures. It
may indeed be confidently expected that the coal exists and can be followed over a much
larger area; but it needs no more at present to show how impossible it would be to arrive at
a correct estimate of the extent or value of the field until further trials have been made.

Formations :—There are three formations to be considered: the Mahadéva series, the
Barikar group (or the coal-measures), and the Talchir group; besides trap-rock, metamor-
phic rocks, and the superficial clays and gravels, or ¢ wash-drift’ : —

Makadéva Serics.—The Mahadéva series is of great thickness, and comprises a large
variety of rocks; but as here exposed, at and near the contact with the coal-measures, it
maintains very constant characters, being formed of massive coarse conglomerates, sandy or
earthy, and generally more or less rusty; with these are freely but capriciously associated
beds of deep red clay sometimes mottled and calcareous, or even with nodular layers of lime-
stone. Courses of rusty sandstone are comparatively rare here. These rocks form the base
of the lofty ridge of Nimtgarh, as well as the smaller hills bounding the field on the east;
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and they are the last rocks seen at the north end of the section in the river. On the tops of
the hills, and generally at a distance from the edge of the basin, the Mahadéva formation
is largely composed of sandstones above, associated with earthy beds below.

Makadéva coal.—It is important to notice here the coal that occurs in this formation.
Much labor and expense have nfready been devoted to it; and I am aware that hopes are still
entertained of it by intending speculators. Without wishing to deter men finally from
exploring what may possibly in some local instance turn out a good thing, it is but right that-
all should be informed of what is known regarding it. Many thousand maunds of this
coal were cut by Mr. Walker, contractor for the Narbadi bridge, at Laméta ghat on the
Narbadi, and profitably used for lime and brick-burning. Some was also extracted on the Sher
river near Schora. l%:e same coal has been examined in many other places, as in the
Mahanudi, to the north-east of Jabalplr; in the Hard river, a tributary of the Sakkur;
on the flanks of Nimdgarh, south of Mohpani. Many years ago this coal was cut in
sinking a well within the station of JabalpGr. Its characters are everywhere the same,—
a bright jetty lignite-coal, disseminated in threads more or less abundantly in thick shale
and sandstone; the proportion of coal is exceedingly variable, and, except in-rare cases,
altogether too small for use. In the nearly continuous rock-section in the Sher and Machariva
rivers, this coal is exposed ten or twelve times in a length of as many miles, without any
change of character, and offering no encouragement to any attempt at mining. It certainly
woulgenot bear transport or keeping; and the most that can ever be expected of it is for local
use for rough purposes.

To one who is not familiar with the characters of these formations, and accustomed to
discriminate between varieties of similar rocks, this Mahadéva coal-band might readily pass
for the true coal-measures, as it often occupies an analogous physical position at the of
the plains. The simplest criterion is the coal itsclf, which is quite unlike the Damfida
(Barzka.r) coal. Although found in so many distant localities, the coal-band is certainly
not a constant member of the series; nor is it even likely that all the known seams are
on the same horizon in the series.

Bardkar group.—The Barikar group is not 'more than 500 to 600 feet thick, com-
posed of strou of gray and white felspathic sandstone, alternating near the top with
carbonaceous siales and coal-beds. Wherever the section is exposed in the neighbourhood
:}f; the Sitariva, these beds are found close beneath the bottom red clays or conglomerates of

e Mahadévas. ’

Talckir group.—The Talchir group is typically characterised by beds of fine greenish
silt, or silicious clay and sandsbonesfg?:l l;ithefygr botﬁl of which pebbles and boulders, often
of large size, are thinly scattered. The fine earthy sandstones pass up by imperceptible
gradation into the ar rock, so that the boundary between them, in the absence of
characteristic fossils, must often be arbitrarily assigned. These rocks occupy a large space
between the north and south outcrops of the coal-measures on the Sitariva.

. Structure of the rocks.—The general section (see figure) north and south across the field
will illustrate the relations of the rock-groups and explain the present structure. There is no

Dyke zaac Iyke

..: e . e . I 2 _ plains
B /;‘Sg'\""“’9” '*"'\*\‘\"‘:?LT"‘ " S wiver @™ I T

General section from south to north, across the Mohpani coal-field.
Soale, 2 inches — 1 mile. @, Mahadéva: &, coal-measures: ¢, Talchir: d, metamorphie.
‘The dotted lines indicate the probable mode of extinction of the coal-measures to the vorth..
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other locality known where the coal-measures are so much broken as in thie field. In the
section of the Sitariva, the general character of the disturbance is a normal anticlinal flexure,
having moderate dips on the south, but rising to the vertical on the north side of the axis;
the last rock seen next the superficial gravels of the plains being vertical beds of the coarse
Mahadéva conglomerate. There are numerous minor contortions and dips that are not
attempted to be represented in the figure. In an easterly direction from the river, the con-
tortion dies out rapidly ; the vertical seams of the northern outerop flatten and bend southwards,
assing round into continuation with the measures on the south of the flexure. The
’i‘alchirs are thus covered up at the surface; and, on the other hand, the Mahadévas stretch
continuously to the edge of the plains; at Pukuhi they still have a low south-easterly dip,
but soon become quite horizontal. In a westerly direction the main feature of the dis-
turbance seems to continue for some distance, as is shown by the steady south-south-east
dip of the conglomerate along the base of the NimGgarh ridge; but this regularity docs
not obtain along the axis of the flexure, as is shown by the few outcrops that are visible
to the north of the ridge. At the west base of the o;x‘fging hill of trap near Mohpani, in
about the position of the axis of the anticlinal, the -measure strata have a steady low
easterly dip. This irregularity greatly complicates the attempt to search for such outlying
rtnhas;ei:l;hot the coal-measures as may exist beneath the superficial gravels at the foot of
e X

Trap-rock.—Trap-rock forms an important consideration in he valuation of this field.
It occurs both in dykes and in overlying masses, but is all of the same description,~—a dense
basaltic rock ; and, as far as present evidence goes, it may be all of the same age. There are
three t dykes in the Sitariva: the first is at the very northern of the rock-section ;
it is about twenty yards wide, running through the Mahadéva conglomerate very nearly
along the vertica ding, with a strike of 5° south of west, and a slight southerly
underlie. The second dyke is in the Talchirs, oblique to the bedding, some fifteen
wide, with a strike to 20° north of west, and a slight southerly underlie. The third is
also in the Talchirs, about twenty yards wide, running nearly due east and west, and with
a very slight southerly underlie. Although all these are remarkably steady for the short
leng:{ seen in the river banks, they certainly do not continue so, as a rule, for any distance.
It is probable that No. 1 represents, or 18 even continuous with, the strong dyke that is
found at or near the base of the hills to the eastwards; but its course must be more or less
tortuous. Atthree miles to the east, in the river's bank just above Dongarkho, there is a very
pretty section showing how suddenly these trap dykes may stop out on the rise: at the
water’s edge the dyke 18 some twenty yards wide, and all trap; at a height of fifteen feet there
is hardly a trace of it to be found, the whole bhaving spﬁit up and rapidly thinned out
between thick wedges of the overlying massive conglomerate. The dyke No. 3 presents another
case of irregularity; if it continued the course which it has in the river, it must have appeared
in the upper workings of the Narbadd Company’s colliery; but the coal there is totally
unaffec y trap. Indeed, it is strange that where trap is so abundant none has been met
with as yet in any of the pits, small though these are. ere is no doubt, however, that this
rock will yet prove troublesome in working the field. Where the coal-outerop is exposed in
the stream beyond the ridge morth of the colliery, trap is in force close by, and must greatly
affect the coal there.

There are three edpatches of overlying trap, apparently remnants of a once extensive
spread. The detached hill half a mile to south-west of Mohpani is all trap ; on the north
and east this rock reaches down to the level of the plain; on the south-east Tulchir rocks
are found close to the base; and on the west side Bardkar beds are well exposed to a
height of some fifty feet. The trap near Kaklaur and Pipurea scarcely appears above the
general level of the plain,

Connezion of the measures on the north and south.—Notwithstanding some slight differ-
ences in the details of the sections, and the very marked difference in the quality of the coal,
there can be no doubt that the measures worked by the Sitariva Company in the vertical seams
on the north are the same as the less troubled beds of the Narbadd Company on the south.
‘There are three or four seams at the southern outcrop, and but two at the northern; and
the associated beds do not exactly correspond in the two localities (there are some earthy
beds above the coal on the north that are not found in the southern section); but these
differences would come well within the known limits of variability of these deposits; and
the position of the measures in the general section, with respect to the Mahadévas above and
the Talchirs below,. is precisely the same in both localities. There is, besides, the direct
evidence of continuity; the ground is too covered to show quite an unbroken section, but
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observations are close enough to leave no doubt on the point. The change in the quality
of the coal is quite in accordance with the crushed condition of the strata. The coal from
the vertical seams is friable and dusty, and burns without smoke, all. the bituminous matter
having apparently been extracted from it ; it is consequently slow to ignite, but has strong heat-
i wer ; the coal in its normal state at the Narbadé Company’s mines has the usual com-
position of Indian coals; the subjoined analyses made by Mr. Tween exhibit the change :—

Carbon, Volatile. Ash,
1. Narbad4 Company’s mines: top seam (river workimgs) 5658 326 116
2 » » ”» 2 feet band of spurious cannel coal 331 246 423
. » main seam 504 300 106
4 ”» » ”» 519 334 147
5. Sitariva Company’s mines: top seam o e 679 88 233
.. ., » main seam 500 160 26'0
A » » 707 o5 198

The Sitariva Company have sunk a shaft on the main vertical east-west seam to a depth
of seventy feet, without any change, save a slight tendency to assume a northerly underlie.
They have a shaft on the same coal about 200 yards off on the east side of the river, where the
seam has already lowered to a dip of 65° to north-north-east. The Narbadé Company’s
collieries are in a corresponding position on the flat side of the flexure, at the south-cast
angle, where the strata are bending round the point of the anticlinal; and the galleries bring
to sight many minor features of disturbance that could not be detected at the surface. Small
as are the workings (the most extensive is about 400 feet long by 150 broad), they are on
all sides stopped out against faults; it is true that none of these seem to have any great
throw; but their frequency, and the crushing of the coal that attend them, is a serious
obstacle and loss. It 1sto be expected that the coal that exists between the two present
collieries is at least as troubled as that seen in the Narbadd Company’s pits, probably more so.

Rough estimate of the field so far as proved.—Any estimate of the available coal-supply
in this region must be affected by two considerations that do not present themselves in otger
Indian coal-fields: these are, the frequent high dip of the seam, and the fact that almost at
all points thick overlying rocks rise into hills of considerable height close above the out-
crop of the coal. th these conditions will involve the necessity of deeper mining than
has yet been attempted in India; in many places here they would restrict the mining to what
can be obtained from shafts or galleries on or near the outcrop. Applying this rule to
the known length of outcrop in the Mohpani neighbourhood, we may arrive at an approximate
estimate of the coal from existing data: it may be said that there are about two miles of
known outcrop, the coal being obscurely visible at the surface at several spots along the
curved line between the two collieries, but sts thickness or its quality in that position has
not been tried. Assuming it to maintain a mean thickness of workable coal between the

tes at the two collieries, say twenty-five feet, at the rate of 1,000 tons per foot of
thickness per acre of seam, we should have 400,000 tons for every sixty-six feet down the seam
along the whole length of two miles. As in many places the seam may be followed for
many hundred feet, it is apparent that, without any very unwarrantable assumption, we may
count upon a large supply of coal for many years to come.

Probable further extension of the field.—1It is, as I have said, unfair to the field to pass
an estimate upon it from the very insufficient information at present available; there is much
hoFc that the coal will be found far beyond the limits taken in the estimate just given. I
will now attempt to indicate the directions in which an extension may be_sought. ere are
four considerations involved in a judgment: what may have been the original extent of the
basin of deposition ; how far the Barakar group ever extended in' that basin; how far the
coal may have been co-extensive with the group; and whether any portion of the group,
and hence of the coal which is its uppermost mewber, had been broken up and destroyed
before the Mahadéva deposits succeeded.
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The first question affects the important point of the possible northern extension of the
coal-measures beneath the plains: for several miles to east and west of the Sitariva no rock
is seen to the north of the sedimentary series ; and although the front here presented by these
rocks is well up to the line of the general run of the metamorphic rocks bounding the basin
at some distance to the north-north-east and west-south-west, there would be nothing forced
in supposing that there was originally here a curve or bay in that boundary ; the appearance
here of rocks (the coal-measures) not seen elsewhere in corresponding positions might even
suggest such a view. The questions will not, of course, be left to conjecture, but as it is
desirable to proceed at first in the most promisingldirection, I would express my opinion that
the measures do not extend northwards to any distance beyond the present known limits :
such extreme disturbance of the strata as is seen in the Sitariva Company’s collieries is not
known to occur except close to the contact with the hard boundary rocks; a second reason is,
that the massive coarse conglomerates of the Mahadéva series only occur close to the original’
rock-boundary, rapidly thinning out as they recede from that boundary ; but here we find them
in full force. In the figured section I have represented what I conceive to be the character
of the section to the north of the present boundary with the superficial deposits.

The second amd third considerations are much alike, and neither can be said to be
altogether favorable ; the Bardkar coal is sometimes capricious in its development, as is corro-
borated by the beds here, the four seams of the l\'argwdﬁ Company’s pits being reduced to
two at the Sitariva Company’s mines; but certainly there is here no special ground for dis-
couragement on this score. The occurrence of the formation itself is more open to doubt;'
it certainly is not co-extensive with the Mahadéva rocks; at many points along this
boundary the latter are found resting upon the metamorphics, without any intervening
representative of the older groups. is chance of failure 18 most likely to take effect in
trials along the outer margin of the hills; but there is decided ground for hope that in &
southerly (ﬁrection, as far as they can be followed, the coal-measures will continue steady.

The fourth consideration is a very important one: if the Barfkar group had been to
any extent denuded before the deposition of the strata that now cover 1t, an indeter-
minate source of error would be introduced that might frustrate the most judicious
calculations. This condition, so far as is known, is favorable: the Mahadévas have
been subjected to the same disturbance as the coal measures, and wherever the section is
visible, the top measures are found in place. There is even some evidence (though insuffi-
cient) to suggest a closer relation : thus, at the Sitariva mines the top beds of the measures are
earthy, and so are the bottom Mahadévas; while in the southern section of the boundary
in the river the rusty sandstone over the coal is not unlike the sandy base of the overlying
Mahadéva conglomerate ; this assimilation takes place within a thickness of a few feet, so
does not seriously affect the position of the boundary. At the same time, at some points
of this river section, there are appearances of the measures strikizﬁ obliquely against the
conglomerate ; but this may wel %e due to one of the many small faults that trouble the
strata in this locality. There are also some strong general considerations to suggest decided
unconformability at this boundary, but they are too vague to be discussed here.

Extension eastwards~It may be inferred from what has been said that my best
hope for the field is in following the seams southwards; but there are other prospects worth
investigation. A bore is now being sunk by my recommendation near Pukuhi, the most
north-easterly point at which the measures come to the surface: the Barikar sandstone
appears immediately beneath the red clays, both having a south-south-easterly dip of
about 20°. The result of this trial will give the best indication for further explorations
in the covered ground to north.and east. The Narbadi Company’s workings under the
river in the top seam are beneath the conglomerate.

Westwards, on the flat nd.—As for the prospects in the low ground west of Mohpani
there is really nothing 'g)aggg: one, the rocks in that direction being indeﬁniteelg tossed
about, denuded, and now covered by gravel and clay. The vertical seam worked by the
Sitariva Company very soon passes under the deep alluvial clay ; and there is no conjecturing
what becomes of it: it can at least be said that there is no prospect whatever of the coal or
its position being better in that direction. The Talchir rocks certainly reach for some dis-
tance to west of the Sitariva; they are seen close to the east base of the Mohpani trap-hill.
On the west base of the same hill, the Barfikar sandstone is well exposed, dipping under the
trap; but it would seem that the upper portion containing the coal-measures has been removed
either by the trap or previous to its outflow. Half a mile to west of this, there is another
flat outcrop of sandstone, either Damida or Talchir. In the stream half a mile east of
Manigaon village, there is a small section of sandstone, clay and a lumpy limestone, that
may be either Talchir or Mahadéva. The largest exposure of rock in this flat ground is
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just south of Kaklaur, where sandstones have been extensively quarried in long trenches :
they are fine-grained, pale, earthy flaggy sandstones with shaly partings; some are very
regularly ripple-marked, and all have a steady dip of 15° to south; they seemed to me
most like Upper Talchirs, but at one point next the trap south-east of Kaklaur, there is a
thick, black, earthy rock, like a carbonaceous shale, altered by the igneous rock with which
it is in contact. These few observations, which are all that I could discover in the flat
ground between Mohpani and Khairi, where the metamorphic rocks appear in force, may serve
to show how very precarious the search for coal must be in that area.

Southwards and westwards along base of ridge.—I would recommend, therefore, that
every endeavour be at present directed to following the run of the coal-measures along the base
of the ridge, where they must appear if they exist at all; and for some little distance at
least, very positive directions can be given to guide the search. As has been already remarked,
the coal in this field, wherever it is seen, occurs within a few yards of the base of the easily
distinguished Mahadéva rocks. For a short distance, this character may be taken as a clue;
but as the ridge is oblique to the boundary, and thus recedes from it westwards, the Mahadévas
alter ; sandstones and pale clays take the u})]ace of the coarse conglomerate at the base
of the series; so that it becomes very difficult indeed to fix the boundary of the two for-
mations where the sections are poor. The last place where this boundary is well seen is in
the stream immediately west of Bainar village, where the conglomerate rests upon some
sixty feet of sandstone, below which the section ceases. A trial shaft is now being sunk here,
at my recommendation, by the Sitariva Company. For several miles to west of this,
T only found one spot, on the east side of the recess south of Richai, where rock is visible
below the conglomerate. South of Kaklaur I could not pronounce positively on the
position of the rocks that are obscurely seen at the base of the ridge. For a mile from
the base of the rid%e in the Khairf stream, there is a fair section of the new bottom
Mahadéva strata, pale greenish brown and mottled red clays with sandstones, having a
variable dip. It is presumable that the outcrop of the coal-measures (if they have not
thinned out and been overlapped) passes, between Kaklaur and the base of the range,
towards the metamorphic rocks south-west of Khairf. The safe way to settle the point
will be to follow the strike by shallow pits or borings westwards from Bainar. .

Evidence as to southward ertension—~An idea seems to have obtained that the coal

_ does not exist beneath the Mahadéva rocks to the south, or at least that it is out of reach.
This opinion appears to have been started by Mr. Blackwell, the mining engineer who selected
the ground for the Narbadd Company: in a section drawn by him on the map of the
ground, a great fault is placed along the boundary of the measures with the conglomerate.
I can find no confirmation of such a view; and certainly the trap-dyke which Mr. Blackwell
introduces along his fault has no existence. Itis rather in that southerly direction that I
hope the coal may be most favourably worked, as being probably steadier, less affected by
faults and trap-dykes. The fact, however, remains to be proved. The Narbadé Company
put down a bore (No. 2) to a depth of 256 feet on the flat ground of Mulpi viflage
1,100 feet from the boundary, in a south-easterly direction from bend of river, and south
of the run of Mr. Blackwell’s fault. The bore only passed through conglomerate and red
clays ; but taking the most favourable view of the case,—supposing there to be no faulting what-
ever, and no thickening of the upper rocks,—the bore stopped just short of the measures. An
average of several dips, taken in the conglomerate at the boundary, gives 156°; at 400 yards
up the river it has flattened to 6°, which would reduce the mean to 13°5', in which case the
measures would be 266 feet deep at the bore in question. Another bore was put down to a
considerable depth at the edge of the river below the bend ; but this of course was a failure,
being visibly befow all the coal, every inch of the section being well exposed in the river close
by. The best means of immediately testing the southern extension of the measures is from a
sl{aﬁ: (No. 2) that was sunk to a depth of 143 feet close to the bend of the river on left bank.
After passing through twenty-eight feet of surface gravel and forty-seven feet of conglomerate
and reg clay, the measures were reached, and coal was cut at the bottom. Unfortunately at this
point the water made so fast that the work had to be stopped. The finding coal beneath the
conglomerate does not finally settle the question of a great fault here, the pit being so
near the boundary ; and I was informed by Mr. Taylor, the very intelligent miner who
had charge of the works at the time, that in the upper part of the shaft, and altogether
in Mahadévas, the strata were cut by a fault having a steep southerly underlie; there was
no means of gauging the amount of throw. The feature is now concealed by the casing of
the shaft. ere small faults are so frequent, as in the mines close by, there is really no-
thing especially discouraging in finding one here; it is probably no greater than those
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already known; and it may be hoped that the measures will rapidly assume a steady low
dip, conformable to that observed in the overlying Mahadévas. I gave urgently recom-
mended that the seam at the foot of this shaft be followed out southwards, and any fault-
ground be thoroughly explored. Machinery is being put up to drain the shaft. o diffi-
culty of unwatering mines in this position 18 one that must be anticipated: at the base of a
high ridge, having a trouﬁh-shaped arrangement of the strata, a heavy discharge of water
seems inevitable ; 1t is possible that the excessive discharge in this particular shaft may be
increased by the proximity of a deep pool in the river just above.

The same indications applicable to other localities.—The indications I have here given
to guide in the exploration of the Mohpani field ought to be of service in the search for
other fields along the margin of the basin: thus, in the gorge south of Fattehpidr, near
Bunkheri railway station, the conglomerate laps round the west end of the ridge of metamor-
phic rocks, the east end of which 18 at Khairi; a short way up, the river bifurcates; and just
above this there is a small patch of the Talchir boulder bed, surrounded by the Mahadéva
conglomerate ; it is possible, t ough not very likely, as this is the lowest level, that outcrops

f gm Damiidas might be found in the neighbourhood; and similarly elsewhere. It is to
settle such points that the detailed survey is so much needed ; meanwhile the indications
T have given may be of service to independent explorers.

- I cannot conclude this report without an expression of regret at the obstructions
that are being raised to the development of the Mohpani coal-field. Several years ago
mining was commenced with the intention of having the works well opened so as to
be in a state to turn out a large supply of coal by the time the rai{::y should be
finished ; all prospects of profit being necessarily dependent upon that event. The com-
pletion of the railway was repeatedly postponed year after year, the mining establishment
and plant being necessarily maintained all the time. And now that the main line is opened,
and there is a prospect of a return for the outlay on the mines, numerous delays and
objections are made to the construction of the short branch line, without which the mines
cannot be worked. Questions are still raised as to the relative quality of the coal; upon
which point all reasonable doubt has been long since settled; for it may be safely asserted
that a m-%; ortion of the coal now consumef over the East Indian Railway line is no better
than the ¢Sapani coal. For the Jabalpir line, and even so far as Naini junction, the
Mohpani coal could undersell the Bengaf coal, and a considerable saving be made in the
railway expenditure. Questions of scparate accounts and the desire to show profits on one
side or other ought not to be allowed to lead to the public being heavy losers.

1s¢t May 1870.

NOTE ON THE LEAD-ORE AT SLIMANABAD, JaBALPUR DIsTRICT, CENTRAL ProviNces,—by
Turo. W. H. Hueuss, F. G. 8., Assoc. Roy. School of Mines, Geological Survey
of India.

In April last, Mr. Olpherts, Resident Engineer on the Jabalptr line of railway,
announced in a letter addressed to Mr. W. B. Jones, the Deputy Commissioner of Jabalpir,
that he had discovered indications of copper ore about three miles north of the Slimanabad
railway station, and expressed a hopo that the matter might be further investigated.

Driscovery of copper and lead.—Mr Olpherts’ attention was first drawn to this subject
by noticing some copper stains on_the foundation rock of one of the piers for a railway
bridge. After making known this discovery, he noted the strike of what he considered
the lode, and pursuing his rescarches to the west of the line of railway hit upon another
locality—about two miles from the railway station of Slimanibid, and a little off the main
road leading to the town, which yielded an ore of lead (galena).

I visited this latter spot accompanied by my colleague, Mr. Fedden.

There was very little to bo seen, merely a small ridge of quarizite rock, about eight feet

in height, forty fcet or so in breadth, and a few yards in length, throughout a narrow band
of which galena (Pb. S.) was sparsedly distributed, with here and there a little copper pyrites.

Stratigraphical relation of ridge—A very important point to determine was the
stratigraphical relation of this ridge. It did not strike either my colleague or myself that
it was a lode, but rather a component bed of the geological series which occurs at Slimanabad.
The ridge is made up of quartzite, and not of vein quartz; and though many of the hand

T
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vspecimens which I brou%]li:; away, and others that were in Mr. Olpherts’ possession, might
possibly convey the idea that the ore existed in a lode, such a misapprehension would arise
only from the examination of small pieces of the matrix.

The dip of the bedding is rather obscure, but its direction appears to be 45° south of east.
There are planes of jointing striking 20° north of west and inclined at an angle of 75°

in a southerly direction. v

The strike of the beds is north-east—south-west ; so that if this line were followed up,
we should most probably find a connection between the two localities where lead and copper
ore have been respectively found.

Description of ore.—The ore of lead is galena, a combination of lead and sulphur with
a certain proportion of silver. An assay made by Mr. Tween in the Office of the (ieological
Survey proved the ore to contain 19 oz. 12 dwts. of silver to the ton of lcad. The ore of
copper is pyrites, which is usually a combination of copper, iron, and sulphur.

At the locality where Mr. Olpherts first noticed traces of copper, the ore is principally
malachite, but there appears also to be sowe dioxide of copper (Cua2O). From a conver-
sation which I had with Mr. Olpherts, I gathered that the ore was only sparingly distributed
throughout the matrix.

Origin of ore in the rock.—The lead occurring in a bed, and not in a lode, it is most
probable that it was an original constituent of the rock in which it is now found; and that
whilst the rock was undergoing metamorphism the lead became segregated.

Economic value—In order to form a reliable estimate of the probable richness
of this find, I had hoped that a fair amount of clean cut surface would have been exposed
for examination, but this was not the case, as Mr. Olpherts, who had the management of the
prospecting operations, had not had time to open out enough of the bed.

If the indications, however, of lead at the surface may be taken as a fair criterion of tho
richness of this quartzite, then I would at once condemn the whole, the proportion of ore
to matrix being far too small to make the working of this bed a desirable speculation.
It may also be stated that lead ores occurring in beds or nests are usually poor in silver.
But it would be premature to pass a final condemnation until further investigations had
taken place, and although, as I said above, the indications are unpromising, 1 would yet
recommend that a sum of 2 to 300 rupees should be placed at Mr. Olpherts’ command in
order that he might carry out to a more satisfactory conclusion the researches which he
has initiated.

Incidentally, I may mention that Mr. Olpherts possesses an extensive collection of the
various iron ores of the country. Many of these are very rich and occur in great abundance
near to and around Slimanabad.

June lst, 1870.

NOTE ON THE OCCURRENCE OF COAL EAST OF CIIHATISGARH IN THE COUNTRY BETWEEN
BiraspOr axp RANcHI, by W. T. Branrorp, F. G. 8., Depy. Supdt., Geological
Survey of India.

The coal bearing (Damiida) beds of Korba extend for about forty miles to the eastward
a8 far as Rabkdb, in Udipir (Oodeypore). They also extend far to_the south-east towards
(Angpir. and to the northwards towards Sirgidja, and in all probability are continuous or
nearly go with the deposits of the same nature known to occur in those districts.

Main Pat with the neighbouring hills and all the country on the road from Main Pat
through Chandargarh and Jashpir to Rénchi consist of metamorphic rocks with the excep-
tion of a cap of trap and laterite on Main Pat.

... The lateness of the season* prevented my searching to any extent for coal seams,
indications of the existence of which were afforded by the occurrence of fragments of coal
in the rivers, especially in the Mind. I found a few seams near Chitra, twelve miles west of
Rébkab and nearly thirty east of Korba. Two or three are seen in the Méand about three to four
miles east-north-east of Chitra, but they are only from a foot to eighteen inches in thickness.
In a small stream, the Kopa Naddi, which runs south of Chitra, one seam, about three feet in

* After the end of April 1 had still 250 miles to march to Hazarfbagh,
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thickness, is seen near the village of Tenddimiiri, more than a mile south-west of Chitra. It is
nearly horizontal, having a very low irregular dip to the west or south-west. Part consists
of fair coal, the remainder is shaly.

The only seam examined from which it is possible that a useful supply of fuel might
be obtained is exposed in the same stream rather nearer to Chitra, being about a mile from
that village, close to the boundary of the village of Tenddmiri. It is very badly seen, but
appears to be of considerable thickness, perhaps twenty feet. The upper portion is so much
decom that no trustworthy estimate could be formed of the quality without digging
into the seam: the lower portion appeared to be fair in places. The dip is about 15° to

north-north-west.

The villagers, as usual, would give no information, so that I could only trace out the
coal seams by the laborious process of searching the beds of the streans, and from want of
time I was unable to ascertain whence the greater portion of the fragments seen in the
Ménd were derived; but when passing through Rauchi, Licutenant Sale, in charge of the
Chota Nagpir Topographical Survey Party, told me he had found a seam of coal about
four miles north-west of Rabkdb in a small stream running into the Mand, and it is probable
that this may be the source of the blocks I saw in the river bed.

I should add that several coal localitics have been lately found by the officers of
the Topographical Survey and recorded in their maps. They are all north of Korba
and Udipir.

When passing through Jashpir, the Rajah told me that coal has been found in his terri-
tory in the Y(hurea country, twenty-four miles north-west of Jashpirnagar. This would be
about 100 miles, or rather more, west by south of Rdnchi.

Calcutta, 31st May 1870.

Nore oN PeTRoLEUM IN BurMan, &c., by WiLLiam THRoBALD, EsQ., Geological Survey
of India.

Two very distinct sorts of earth-oil are met with in the countries lying to the eastward
of the Bay of Bengal, viz., the limpid oil of Arakan and the viscid oil of Burmah, which last
is commercially known as the Rangoon oil from its port of shipment, though really obtained
at the Yenan-khyoung and other wells in Upper Burmah. The limpid oil of Arakan varies in
tint from pale yellow to deep sherry brown, with a Yeculiar opaline tinge, something like that
produced in alchoholic fluids by the presence of fusil oil in excess. The Rangoon oil, on the
other hand, is of very uniform color, a peculiar yellowish green and of tarry consistency.

I may here remark that the only other Indian oil I am acquainted with is that produced
in the salt range in the Punjab. This oil is of a consistency almost intermediate between
the Arakan and Burmah oil, and differs in tint from both, being brown, devoid of the peculiar

enish hue of the Rangoon oil, and of a decidedly reddish color by transmitted light.*
%’ll?e wells producing the limpid oil are situated near Kyoukphoo, Ramree, and the neighbour-
hood, and are all confined to the western side of the kaan range, and none of them occur
at any great distance from the coast, whilst the viscid oil of commerce is similarly confined to
the eastern side of the same range, occurring most plentifully in Upper Burmah, but met
with here and there in very sparing quantity as low down as the paralﬁ:rl)eof Myanoung.

Of the mode of occurrence of the Arakan oil and of the rocks with which it is associated
little is known. The wells are mostly shallow, almost superficial, and would seem only to yield
sufficient oil for local use, though their productive capacity has probably never been fairly
tested. ’

The Burmese oil is worked much more energetically, though the geological relations of
the oil are little better known than in Arakan. Some of the Yenfm-kiyoung wells are, I am
informed, sunk to a depth of 100 or 150 cubits, first through a little surface clay and then in soft
sandstone. The age of these beds is not precisely known, but analogy would point to the
nummulitic formation as being the source of these oils. In the Punjab, the oil rises through
contorted beds of nummulitic limestone, and is there in all probability derived from thick beds
of carbonaceous shale with lignite, which are associated with and underlie the nummulitic
group. As the nummulitic group is largely developed in Burmah, we may, in default of any
precise information on the subject, refer in like manner the Burmese oils to the same group.

® Dr. Ol.ham has drawn my attention to a remark of Mr. Wynne, that the oil obtained near Rawul Pindi is

, when it issues to the surface. The distinction, therefore, drawn by me between the color of the Punjdb and

m\mn oils would seem to depend mainly on the relative length of time either has been kept, and does not aeem,
as at first inferred, to originate in any essential difference of composition.—W. T,
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In the province of Pegu no nummulitic rocks occur at the surfuce east of the Irawadi, which
entire region is occupied by a newer group of miocene age or younger, and no petroleum well is
authentically keown within this area. A little below Namidn there isa tradition of petroleum
having once been known to occur, but I visited the spot and could detect nothing to coun- -
tenance the rumour in the appearance of the sandstone or any of the neighbouring rocks. The
occurrence of oil, therefore, east of the Irawadi in Pegu must be held: to be an open questiou.

West of the river, the only situation where petroleum is known to occur which I have
as yet had an opportunity of visiting, is the newly discovered locality at Padoukbeen west of
Thaietmio. The well was here sunk to a depth of about twenty feet in soft argillaceous sandstone,
rather tender and incoherent and of a dark bluish color, drying paler. The beds in the
neighbourhood are shales and sandstones of the miocene series, dipping at low angles and
very little disturbed, and not in the slightest degree altered. The oil seems to have been
discovered by its saturating the soft sandstone where cut by a small stream in the bed of
which the well is sunk, the top being a little way up the bauk, but the well being carried
below the level of the bed of the stream. Whether the well continues to yield, I cannot say.
At my second visit it was abandoned and dry, but I hear it has again been worked. The oil
from this spot is precisely similar in every respect to the commercial or Yendn-khyoung
oil, and is rega.rdedp as equal to it in value by the natives.

There is no indication at this spot of any fault, and the chances of improving the supply
by a deep boring are hardly greater than of failure, as there is so little to guide the judgment
as to the source of the oil, and as these beds are, I believe, high in the series to which they
belong, a very thick set of unproductive beds would have to{ive passed through, unless the
bore struck a seam containing sufficient oil to constitute a flowing well, the presence of which
is by no means assured by the insignificant surface indications.

Note oN THE PETROLEUM LocariTy oF SUDKAL, NEAR FUTTIIUNG, WEST oF RawvL
Pinp1, Punids, by A. B. WYNNE, F. G. 8., Geological Survey of India.

The petroleum at this place occurs (as usual in the Punjib, vide Geological Reports,
Asiatic Society, &c.,) in the nummulitic tertiary rocks. Just near the petroleum pits, as well
as to the north and south, fossils occur, orbitolites being by far the most numerous, but bivalve
shells in a fragmentary state, teeth of sharks, and large bones are also to be found.

The pits, only one of which is of any depth, are situated in a small open space a couple
of hundred yards wide from north to south, covered with superficial debris, and bounded in
these directions by rocky ridges of slight elevation. To the east and west are the sources
of some of the numerous steep ravines which intersect the country evorywhere.

The tertiary rocks on both of these ridges are much contorted along narrow axes, but

ill possess considerable regularity of strike in a direction about 10° north of east and

south of west. They dip at high angles, varying from vertical to 50° or 60° generally west

of north and east of south, but lower angles and horizontal beds may also be observed
forming parts of curves in the same neighbourhood.

.. The rocks consist mainly of gray grits and sandstones, with some bands of gray fossil-
iferous limestone interstratified with thick zones of red shale.

In the immediate vicinity of the pits the strike of the rocks changes to about north-east ;
they dip at very high angles to the north-west and seem to run against a mass of red shales
within a few yards of the principal sinking, being perhaps faulted, but the relations are almost
entirely concealed by the covering of superficial debris.

To the southward of the present works within a few feet dark brown shales and
sandstones impregnated with petroleum are exposed by an open ‘drift’ or ‘stope’ (cut ap-
parently to seek the most productive band), and these as well as a band of limestone
1n places saturated with the oil may be traced for a few yards north-eastwards, where a
(uantity of the oil seems to have exuded from the rocks and mingled with the surface soil.

. Owing to the abandoned state of the works at present and the insecure gear at the
pit’s mouth, it was not found practicable to descend, but as the pit is only twenty or thirty fect
n t}e};]lth, the oil could be seen trickling from the highly incline«Y strata lorming the sides, and
which dip at the upper part of the pit north-west at 70° A ‘dhol,’ lowered quictly
and drawn up as rapidly as possible to avoid loss by reason of its leaky condition, contained
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about seven or eight vertical inches of the oil floating u&(:; clear water, this being rather less
than the probable depth of that in the pit, which had been accumulating for three or four
months.

It was stated by a native in charge of the place that the oil ran slowly and coagulated
in the cold weatber, in consequence of which the works had been temporarily stopped, and
that when in operation about one maund of oil daily could be obtained. The colour of that
taken from the pit was green, but some found in a neighbouring shed was of a dark
brown tinge, and burned readily with dense black smoke.

It is understood that the mineral oil procured from here is to be used in lighting the
station of Rawul Pindi with gas. A ‘gas house’ was seen in course of construction there,
and large gas mains lie along some of the roads, so that the question of supply becomes of
importance: the quantity reported to be obtainable seems so far from encouraging that I
doubt whether some larger prospect must not have existed before an expenditure upon gas
pipes, &c., was sanctioned. .

The locality where the oil occurs is evidently of but limited extent near the village of
Sudkal, and it would appear necessary, in order to dyevelop its resources, to open much more
extensively, across the run of the beds, trenches cut downwards to the rocks, which are now
80 much concealed just near the pits. Even if this was done and other pits sunk, there is no
reason to suppose any of them would be more productive than the present shaft, and so far as
can be judged from what is visible there is not room for many.

As to the possibility of an increased quanti?sof the oil being obtained by deepening
the existing shaft, it can only be said that as the beds arc nearly vertical with some underlie
north-westward, if these relations are preserved, the pit, in depth ought to pass through
the beds at present yielding the oil and to enter those seen at the surface in the drift south
of the pit, where it may be presumed the prospect of finding the oil in sufficient quantity was
less favourable, or the shaft would have been sunk there. As the bedding of the rocks is
much disturbed their continuing to lie in the same position for any distance cannot be calcu-
lated upon, but it seems likely that (if it has not ﬁady been done) the shaft might with
some advantage be carried down to intersect the oil-bearing rocks south of the pit.

To sum up: from what is now to be seen at this petroleum locality, it would be advisa-
ble to extend the search further before building hopes upon the place as a source of
supply for lighting Rawul Pindi, and the quantity said by the man in charge to have been
obtained frdm the present sinking would hardly warrant expectation that sufficiently large
results would be obtained by opening other shafts in the same neighbourhood.

ON THE OCCUBRENCE OF ARGENTIFEROUS GALENA AND COPPER IN THE DISTRICT OF
MANBHUM, SOUTH-WEST FRONTIER OF BENGAL,—by V. Bari, Esq., B. A., Geological
Survey of India.

Although the grealer portion of the district of Minbhim consists of metamorphic and
sub-metamorphic rocks*®, both, but especially the latter, likely to contain ores of the uscful
metals, hitherto no discoveries of the existence of any appear to have been recorded.

The occurrence of gold in the streams of MinbhGm and the adjoining districts has,
however, long been known. Its mode of occurrence has already been described in these
pagest.

During my geological examination of Manbhim, the discovery of galena or lead ore was
made in the following manner :—When at Dudka, a large village forty-five miles south-south-
east of Puriilia, which is the sudder station of Minbhdm, the Ghatwal brought to me a small

icce of galena which had been given to him a few years before by some Kumars. He did not
Enow what it was, but used some of itinstead of Surma or antimony for the purpose of
anointing the eyes of his female relatives.

By enquiry from the Kumars of the neighbourhood, I was, after several failures, at length
enabled to trace the source from whence the galena had been obtained. The lode, for it
proved to be such, bad been struck some years previously by some Kumars who were search-
ing for iron on the side of a hill formed of mica schist, in which there are a number of

® Slates, quar tzites, schists, &, 1 Rcceords, 1869, 11,
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veins or small lodes filled with brown hematite. This hill is close to a di% called Jani-jour,
where there is an outlying house of the village of Dekia, which lies about a mile east
from Dadka. .

I could not ascertain that the Kumars had met with galena in any other part of the
neighbourhiood, though excavations for iron were plentiful.

Having found traces of galena on the surface, I proceeded to excavate, and soon obtained
a number of fine specimens of the ore. It occurred quite independently of the bedding of
the schists, sometimes in lenticular masses five or six inches long surrounded by quartz,
and sometimes in a gangue principally composed of brown hmmatite and quartz; these
appearances justify the conclusion that this is a case of a true lode. Owing to the excessively
jungly and broken condition of the ground, I was unable, during the period of my brief
visit, to trace the lode for any distance, and for the same reason I was unable to ascertain its
exact width. Although, therefore, much remains to be ascertained regarding it, still, so
far as it has been examined, the indications may be affirmed to be promising. All
who have given the least attention to the history of mining are aware o? the capricious
character of lodes, and of the impossibility of forming even an approximately correct opinion
as to the value of any particuﬁ’ar one—which is not laid open %y a natural section—until
some outlay for excavation has been incurred.

In addition to the fact of the existence in any part of this country of such an ore as
galena—supposing it to be in quantity—there are many collateral questions and conditions
to be considered and ascertained before the commercial value can be properly estimated ; of
these the most important are the presence or absence of other valuable ores or metals in
association with the principal, the abundance and quality of labour and fuel to be obtained
on the spot, the means of carriagée with the distance of the nearest mart, and, perbaps, not
of least importance, the healthiness of the locality.

With regard to the firat question, the assay of some of my specimens by Mr. Tween has
proved the presence of silver in the unusually large proportion of 119 oz. 4 dwts. 16 grs.
per ton of lead®. The assays of most other Indian galenas have given a much smaller amount
than this. In Europe, from 35 to 40 oz. per ton is considered quite above the average yield,
and argentiferous galena containing very much smaller amounts is frequently worked for
silver with profit.

Mr. Tween has also ascertained the presence of antimony in combination with the lead.

Regarding the amount of coolie labour to be obtained, I have no hesitation in saying
that it would be abundant. Such was found to be the case in Singhbhiim, when the Copper
Company was at work there.

Of the fuel, it is not easy to speak with so much confidence : undoubtedly there is a very
considerable amount to be had close by, as the locality is almost in the centre of the
heaviest tree jungle in Manbhim; but all experience goes to show that such a source of
supply is very precarious and uncertain. Possibly it might be found more economical
to transmit the ore—should it ever be worked—to the neighbourhood of coal, rather than to
attempt smelting on the spot.

The means of carriage are indifferent, or rather bad. Dadka is connected with
Pirdlia by a partially finished road, without bridges, which was commenced during the
famine. ¥rom Pirilia to the Barikar Railway Station there is a road which has for many
years been in the hands of the Public Works Department, but is still far from finished. The
distance by these roads is about ninety miles. From Dadka to Midnapore vid Silda, the
distance over bad roads would be about seventy miles. From Midnapore the ore or metal
might be sent by canal to Calcutta.

The climate is not generally considered healthy for Europeans ; still there are many
worse places in the district. Doubtless the removal of the heavy jungle would ultimately
produce a beneficial effect.

The nearest locality to this at which lead has been discovered is at Hisato in Chota
Nagpiir. The antimonial galena from that locality has been described by Mr. Piddington.t
From the first specimens sent to him by Major Ouseley he obtained silver in the pro-
portion of 70 oz. per ton of ore; but other specimens subsequently received did not contain
8 trace of silver.

* This proportion may possibly not be constant throughout.
t Jour., Asiat. Soc., Bengal, X1, p. 892; X11, p, 738; XV, p. 64,
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CoprPER ORES.

Copper ores have been discovered in two localities in MAnbhim. The principal is
situated on the crushed and faulted junction of the metamorphic and sub-metamorphic
rocks about one mile north-east of the village of Poordah, Perguunah MéAnbazaar, or about
thirty miles from Pirilia.

The rock in which the ore occurs is a coarse mica schist, which is traversed by nu-
merous veins of quartz. Whatever the amount or quality of the original ore may have been
which existed near the surface, it has nearly all been removed by natives, slight stains of
the carbonates of copper on the schist and quartz debris alone remaining to indicate the
object for which the numerous excavations which occur along the outcrop have been made.

These ancient excavations at the time of my visit were filled up, some with water,
others with debris, which circumstance, coupled with the fact of the ore having been
removed, rendered it difficult to form a decided opinion as to the precise nature of the
deposit. Subsequent examination of the numerous and often well-exposed copper ore deposits
of Singhbhim*, which appear to be of mixed character (generally the ore occurs disseminated
through regular beds of schist; but departing from this rule, it occasionally occurs in
true lodes), has induced me to believe that these ill-seen Manbhim ores also occur in a two-
fold manner. It is gossible that the copper-bearing beds of Manbhim may belong to the same
Geological Zone as those of Singhbhiim ; but there are arguments against, as well as for, this
view. The whole question must be treated in greater detail than is now possible.

The second locality at which copper occurs is near the villa.Ee of Kulianpidr, or
about thirty-two miles due west of that just noticed. It is on a small hill formed of schists
and quartzites, which in one place are stained and encrusted with the carbonates of
copper. There is an ancient excavation on the south flank of the hill. So far asit is possible
to judge, the deposit seems similar to No. 1. It is not improbable that the ore may be found
further westwards, but I did not succeed in obtaining any trace of it in the section exposed
in the Subanrikariver. There is a small quantity of slag at the bottom of the hill, which
indicates that the ore which was found here was smelted on the spot.

The small indications of ore to be seen at the two localities mentioned above are certainly
not sufficient to justify any expenditure for cxcavating, more especially as the attempts
to work the similar, but vastly more extensive copper deposits of Singhbhiim, have not
hitherto proved to be remunerative speculations.

Various rumours of the occurrence of ores of tin and copper in different parts of
Minbhim have from time to time been promulgated; but the supposed ores of the more
valuable metals have generally proved to be either some form of iron ore, the green mineral
epidote, or & bronze-coloured mica.

30tk June 1870.
DONATIONS TO MUSEUM.
April 2nd.—Specimens of salt from the Sambur Lake. R. M. Apaum, Esq.
,»  26th.—Specimen of petrified grass (rushes) from Java. Mgs. BsNzIGER.

May 1st.—Two earthen pots from the Andamans and Nicobar Islands, a few stone
implements, and fragments of pottery from the Andamans.
FERD. StroLiczga, Ph. b.

»  lst.—A cup carved in serpentine from Skardo, Little Tibet. Ditto.
»  2nd.—Twenty-one ornamental (carved and moulded) bricks from Kishnagurh.
Mgs. Woob.

June 13th.—A perfect crystal of oxide of iron, pseudomorphic of iron pyrites, from
the foot of Sinawur hill, at head of the Suddoom valley.

Caprain T. ’l): CARTER, B. E.

29¢th.—A complete series of tools, used in South Staffordshire for sinking colliery

” pits and for working coal and ironstone. 8. MiNToN, Esq., DUDLEY.

* A description of these will appear in a fature number in the map accompanying which the position of the
lead ore will be indicated.
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In addition to the above, we have received many specimens of various kinds for assay,
or examination, among which some of the more important were of iron ores from various
localities.

The results of a recent search in the neighbourhood of Hazéribigh yielded to Dr. Coates
and Mr. Donaldson a considerable variety of ores, the principal of which were from
the Kdranpird coal-field and its vicinity, examined sometime since, but not published from
want of a correct map. The following numbers show the percentage of metallic iron con-
tained in each. Of course this is the full percentage, and this proportion would not be
obtained in manufacture. As the details of these researches will be given elsewhere, we only

give the localities and percentages here :— .

Belhargadhd ... ... 306 per cent. of iron.
Chépojiigra in the Kdranpird valley ... b68 »
Muraf Kalan ... ... 164 ”
Gondal}nim .. 373 ”
Arfhdra stream ... . 4212 .
Ardhard village ... o 112 "
Seam 12 feet thick in Damida .. 256 '
Mandd 338

A specimen, found loose, to the north-west of Hazéribigh yielded 68'7 per cent. With
the exception of this, which is magnetite, and of the Belhargadhd specimen, all the others
are varieties of clay-ironstone.

From the Win District, East Berar, the Deputy Commissioner forwarded several ores
for assay. Some of these were fine rich brown hmmatite traversed by crystalline veins of
the pure mineral ; these varieties were assayed, yielding, respectively, 604, 563, and 440 per
cent. of iron. If with these we take the percentage of the pure limonite, we will have—

632

604

igg = 2—34', or an average yield of 56 per cent. of
metallic iron. There are distinct traces of phosphorus. These specimens were from veins of
segregation traversing the beds; but some of the beds themselves are rich and useful ores
yielding 480 and 458 per cent. of iron.

In the immediate neighbourhood of these ores heaps of old slag are scattered over the
ground. These slags, the result generally of very crude and inefficient methods of smelting,
often contain a very large dose of iron, and it was interesting to examine them. Two speci-
mens were assayed ; and one yielded 380, the other 34'8 per cent. of iron—an amount which
would be ample to pay for re-smelting thesc slags in conjunction with other ores.

In the Yenak hills, which occur west of the will of that name, near the river
Paingangs, in the southern part of the Wiin District, East Berar, Mr. Hughes and Mr. Fedden,
during their recent examination of the country, traced over an extent of some five to six
miles in length two thick beds of conglomerate (nowhere less than nine feet) containing a
large proportion of rolled lumps of a very rich hmmatite. This on assay yielded no less
than 685 per cent. of iron with a trace of phosphorus—no manganese.

All these are rich and valuable ores of iron and occur in large abundance. The noted hill
from which much of the ore smelted by the natives in North-Eastern Chanda is derived, the
Lohara hill, near Bissanpiri, is one mass of iron-ore of a couple of miles in length. A
specimen brought by Mr. W. T. Blanford proved to be nearly pure specular iron with a
proportion of magnetic iron, and yielded to assay 70 per cent. of metallic iron !

ACCESSIONS TO LIBRARY.
From 1lst Arrrt To 30rH JUNE 1870.
Titles of Books. Donors.

Arbeiten der geologischen section fiir Landesdurchforschung von Bohmen, Royal 8vo.,
Prag, 1869.

BapeanNDR, J.—Systéme silurien de la Bohdme, Vol., VI, 1 Texte, Distribution, Pt. 2,
Planches, 351-460, 4to., Prag.
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BrowNn's, H. @.—Klassen und Ordnungen des Thier-Reichs, Fortgesetzt von Dr. A. Ger-
staecker, Vol. V, Pts. 11, 12, 8vo., Leipzig and Heidelberg, 1870.

Burat, A.—Les Houilleres en 1869, Texte, 8vo., et Atlas, folio, Paris, 1870.

CartarLaac, EM. ET TrRUTAL, Ev.—Matériaux pour lhistoire de 'homme, Sme Ann.,
2nd ser., 8vo., Paris, 1869.

CrookEs, W., AND RoHRIG, E.—A practical treatise on Metallurgy,in 3 Vols.,8vo., London, 1868.
DoLLrUs-AUsSET.—Matériaux pour I'étude des glaciers, Vol. VIIL, Pt. 3, 8vo., Paris,
1870.

Hege, De. OOWALD.—Beitrﬁﬁe zur naturkunde Preussens, Pt. 2; Miocene Baltische Flora,
4to., Konigsberg, 1869.

Jahrbuch des Schweizer Alpenclub. v. Jahrgang, 1868-69, 8vo., with Atlas, folio, Bern, 1869.

LarTer, E, AND CHRISTY, H.—Reliquie Aquitaince, Pt. X, 4to., London, 1870.

Mag1cHARD, OLLIER DE.—Recherches sur 'ancienneté de I' homme dans les grottes et monu-
ments mégaliques du Vivarais, 8vo., Paris, 1870.

MogrTILLET, G. DE—Matériaux pour I'histoire de I' homme, 8vo., Paris, 1868.
Pawsgorr, C. W.—A Summer in Iceland, 8vo., London, 1868.
ParaprLBE, M.—Nouvelles miscellanées malacologiques, Tax. 4, 8vo., Paris, 1870.

Paléontologie Francaise, ou description des animaux invertébrés foesiles de la France,
livr. 19, Echinodermes, 8vo., Paris, 1870.

QuaritcH, BERNARD.—Catalogue of Books, 8vo., London, 1870. B. QuagrrcH.

Report of thirty-ninth Meeting of British Association for the advancement of Science held
at Exeter in August 1869, 8vo., London, 1870.

ScerAUF ALB.—Handbuch der Edelstein-kunde, 8vo., Vienna, 1869.
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Ox THE GEorLogY oF MouNT TiLra IN THE Punias, by A. B. Wyxng, F.G. S,
Geological Survey of India.

The fine hill which forms the subject of this brief memoir .rises between the eastern
termination of the Salt Range J:roper and the outworks of the Western Himalaya where
the river Jhelum emerges from them to traverse the vast plain of the Five Rivers which
united in the Lower Indus (or Sind) reach the sea near Kurrachi.

1t is one of three or four minor ranges, all of which form links more or less between
the Himalaya and the Salt Range. Of these the parallel chain of the Bukrala Hills
to the north seems to form the most continuous connexion ; but Mount Tilla exceeds them
all in height, reaching an elevation of 3,242 feet above the sea. It runs generally north-
easterly by east, commences abruptly at its western end, and continues thence lofty for
about ten miles, when it sinks rather suddenly into high ravine ground, with elevations
of over 1,200 and 1,300 feet, for about twelve miles further, past the extensive ruined fortress
of Rhotas. It terminates in low rounded hills a few miles beyond this point, projecting
into the commencement of the alluvial plains of the river Jhelum. It 18 widest where
most lofty, having a base of three miles, but the extension of the range to the eastward is
on an average not less than two and half miles in width.

Neither the Mount Tilla range nor that of Bukrala to the north appear to have
any strong relation to the drainage depressions of the country in their imme(ﬁfxbe vicinity,
both of these ridges and the valley between being crossed by the usually dry or nearly
dry courses of streams, occasionally Eowerful, as indicated by the depths of ‘their gorges
and great width of their sandy beds when the currents become slack. ith the Jhelum,
however, ordinary relations seem to exist after it has left the Himalaya ; the direction of
the Tilla range coinciding more or less with that of the river, and the ground falling
generally towards the latter—except where one of the other chains or groups of hills inter-
venes—on the southern side of the ridge.

The existence of Mount Tilla as a striking feature of the country—that of Chambal
to the south, of the Bukrala range to the north, and indeed perhaps of the whole Salt
Range itself—is, through denudation, directly due to huge dislocation of the stratified
rocks, placing certain of the beds of greater or less strength in abnormal contact with
others possessing different degrees of resistance to disintegrating forces. The ohief line of
dislocation affecting Mount Tilla passes along its southern base, obliquely separating the
lofty portion from the lower extension to the east, and is perhaps continuous westward,
thougﬁoooncealed, to the great fracture lying in the bed of the Boonhar river, which
separates the adjacent portion of the Chambal range from the western termination of
Tilla, completely discordant dips occurring on each side of the here constricted channel.

As results of the forces, or of similar forces to those, which caused this and other
fractures, the whole strata of the country have been subjected to violent contortion, one
of the finest curves being the interrupted anticlinal formed by the strata of Mount Tilla
itself and traceable round its western end nearly to the line of dislocation occupying the
lower gorge of the Boonhar.*

* On one of the early days of last April a somewhat singular occurrenco was observed from the higher parts
of Mount Tilla. The day was warm and bright, and a very strong breezo blowing, so much so that traversing
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The denuding agencies acting strongly upon the varying consistencies of the rocks of
this country have not only produced dominant features coinciding with the principal
contortions and dislocations, but in much more minute detail caused their stratification so
to govern the forms of the ground that the minor contortions in many cases become plainly
visible in the ornamental hill-shading upon the very excellent one-inch (to the mile) maps
produced by the Topographical Survey. This is much most prominent in the soft tertiary
rocks whicg form so much of the surrounding country stretching far into the outer Himalaya ;
and it is partly a consequence of the steepness of the angles at which the strata are inclined
in various directions. A wide belt of these tertiary rocﬁs is known to border much of tHe
Western Himalaya. Those which underlie them in the hills between the Ganges and
Ravee have also been ascertained and described by Mr. Medlicott'in one of the Survey
Memoirs. Westwards or north-westwards from the Ravee river this succession has not
yet been clearly worked out, but what is known renders it probable that the geology of
this part of the hills will be found a continuation of that to the south-east. The very
interesting Salt Range also exposes rocks older than this tertiary series which have
not hitherto been identified with the infra-tertiary rocks of the Himalaya range. These
lower rocks of the Salt Range, however, exhibit local changes, going from east to west,
chiefly by the admission of new zones and by increase or diminution of thickness, and
present a marked absence of all metamorphic strata. Hence it becomes a fair inference
that the formations inferior to those of the tertiary belt above alluded to, and the con-
ditions which produced them, had very considerably altered within the large area indi-
cated ; and some knowledge of the region wherein the transition commences would be
very desirable. This region cannot be yet pointed out, indeed it may very possibly be
entirely concealed by the newer rocks; but Mount Tilla is one of the nearest known
places to the Himalaya range where the rocks next beneath the tertiary belt appear, outside
or within its limits, as these may be assumed. These lower rocks appear only at the top
and southern side of the lofty western part of the mountain, the extension of the ridge -
from this to beyond Rhotas being formed of the tertiary beds.

The section afforded by the hill is as follows in descending or natural order :—*

Average thickness.

. Sandstone and clays chiefly, with some) o. .. Only part in section,

6. Tertiary { conglomerate beds ... .. } Sivalik { about 6,080 feet.
5. Nummulitic gmestone ... Maximaom 80 ,,

Red shaly and flaggy zome, with Very vari-

4 { pseudomorphic crystals *** { able, about} 120 ,,
8. Pseudo-limestone and compact sandstone zone 150—200 ,,
2. Black-shaly zone e 200 ,,
Purple sandstone zone e 250—300 ,,
1. { Purple shaleand ... . } Saline group ... { 100 ,,
Red saline marl 20— 30 ,,

8 knife-edge surmounting a precipice of several hundred feet in height, it was found necessary to proceed on
all-fours. The wind came from the northward in such a way that much of the nearly two-miles-broad channel of
the Boonhar river to the south just below the mountain would have been thought sheltered. So far from this
being the case, it was here only that the gale seemed to take effect, raising vast clouds of sand, completely
obscuring the distant country, while on either side beyond the limits of the mountain where the
river course was not so sheltered the equally dry sand was not seen to rise at all. My guide observed, “ the winds
are born on Tills,” and it cenllnlﬂma;eemed as if its great mass had so infl d the temp ure of the air that
the storm was local, or its strength limited to the vicinity of the mountain: or it may have been an eddy behind the
obstructing hill-mass.—A. B. W-

* For the purpose of comparison with the distant fon bet the Ganges and Ravee, the foll
general section is abstracted from Mr. Medlicott’s Memoir :— ’ ollowing

Subd-Himalayan Series.

Upper ... ... Sivalik ... Conglomerates, sandstones, and clays.
iddle... .. Nahun ... Lignite sandstones and clays.

Kasaoli, gray and purple sandstones,
Lower ... .. Subathu ... { Dugshai, purple sandstones and red clays.
. Subathu, fine silty clays, with limestone.—(Nummulitic),
Himalayan Series.
Unmetamorphic—

Krol .. ... Krol Hill ... Limestones.

Infra-Krol ... ditto ... Carbonaceous shales or slates.
Blini ... ... Blini River ... ... Limestone and conglomerate.
Infra-Blini ... Simla ... Slates,

Metamorphic . ... Crystalline and sub-cryatalline rocks,



PART 4.] Wynne : Geology of Mount Tilla, Punjab. 83

Comparing the two sections, it will be seen that the Nahun and Subathu groups, excepting
the lowest portion of the latter, are probably unrepresented on Mount Tilla; purple sand-
stones, if occurring at all, being quite inseparable from the remainder of the lower tertia
sandstones and clays, which, from their fossils, were identified by the late Dr. Falconer wizg
the Sivalik rocks.

But little of the nummulitic (P Subathu) beds are seen at Tilla; and there is no
aﬁ:pemnce here of the unconformity to their underlying strata recorded by Mr. Medlicott,
though this would not be reason for its non-existence. Omitting the red shaly and flaggy zone
of l\fmmt Tilla,—which is variable in thickness and not always present,—some parallel
msgf exist between the calcareous pseudo-limestone with its underlying black shaly zone
and the Krol and infra-Krol groups of Mr. Medlicott’s unmetamorphic Himalayan series ;
but even with the aid of that gentleman’s able memoir it would be hazardous at present to
attempt the correlation of these rocks.

Several beds of the sections to the westward have disappeared at Tilla; notably the
black-shale group beneath the nummulitic limestone, containing all the coal and “coaly
deposits of the eastern portion of the Salt Range, and which can hardly be said to be repre.
sented by a few traces of dark coloured shale, ezisting where they ought to come in.

The true red salt-marl of the Salt Range makes but a very poor show along the
southern base of Mount Tilla. It can be seen in some places near the villages of Nara and
Pind Sevicki, but is greatly overrun and concealed by detrital accumulations from the
cliffs and hills above. Only 20 or 30 feet have been given for it in the section ; the thickness
would, however, doubtless much exceed this if it could be well seen. It is of the usual
bright red color, and gypseous saline nature; but although salt has been manufactured
from the impregnated water it discharges, no actual rock-salt has been found in it.

The upper portion of the marl is, as usual, purple, and more shaly, and is frqux:ntly
seen at the base of the purple sandstone cliffs. Its thickness, as estimated, may be too
great, but allowance has been made for a portion that is unseen in most of its exposures.

This shaly portion of the marl passes up rapidly into strong purple sandstones of exactly
the same color. They are generally fine grained, have no pebbles scattered through them,
and, from being somewhat saline, have white efflorescences, yiclding easily to the weather;
they contain spangles of mica; and the stronger beds, from the ease with which they can be
dressed, are used as building stone. The thickness of this rock, from causes to be presently
pointed out, is sometimes deceptive. It forms a very considerable portion of some of the
finest cliffs, where it cannot be much less than 300 feet, though in such situations its depth
oould be only estimated.

Next above the purple sandstone is a strong band of dark colored gritty shales and
lighter colored sandy flags and layers (2); the whole having a lumpy aspect, and glistening
with mica; the deposition surfaces are frequently glossy and covered with black earthy
films. In these beds anmelidan, erustacean or fucoid markings are numerous; and else-
where they have furnished the earliest traces of distinct fossilsin the S8alt Range, these con-
sisting of small bivalve shells as yet undetermined ; strong ripple-marks also occasionally occur.
Resting immediately upon this shaly zone is a massive band of compact silicious sandstones
and sub-calcareous rocks (3) of light color, often nearly white. Some of them are brecciated
or pseudo-conglomeratic; and many, under the influence of the weather, assume the
peculiar fantastic forms of decomposing limestone. A specimen of the latter variety from
Mount Tilla yielded on analysis, according to Dr. Fleming, nearly equal parts of white
quartzose sand, carbonate of lime, and carbonate of magnesia. Their rough aspect and
a peculiar surface appearance, a8 if likely to contain fossils, has led to frequent searches, but
nothing of organic form has been found beyond the obscure tracks noticed in the foregoing
group. The beds are frequently massive ; this character, their strength and the association with
softer beds below, having doubtless been the first conditions that resulted in the fine cliffs
along the southern face of the range. Many valuable building stones could be obtained
from this group, and some are said by Dr. Fleming to bear a Ligh polish (Jour., Asiat. Soc.,
Beng., Vol. xxii, p. 265).

The next overlying group (4) is largely developed only at the western end of the range.
It presents a strong contrast to that just mentioned, being formed of deep-red flags and
shales, sometimes spotted with green, the flagey slabs being often studded with projecting
angles of casts of cubic crystals, the mineral--in all probability salt—having been entirely re-
placed by sand. The flaggy layers are frequently of light color internally, the bright-red hue
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being derived from the intervening earthy shale layers highly charged with iron-oxides. The

latter become more numerous upwards, until the superior portion of the band is found to con-

sist entirely of crimson and purple clay or shale. This group occupies a good deal of the

ground from near Pind Sevicki by Choya Goojaron-ki, and above Nara; beyond which
lace it passes to the north side of the mountain, becomes thin, and thereafter is seen but
ugitively here and there as well as near the summit.*

In some spots, particularly on the northern slopes of the mountain, vestiges of the
nummulitic limestone group (5) so largely developed westward are apparent, resting either
upon the red zone or, in its absence, upon the strong band beneath. It is seldom at all
clle)eoarly seen ; generally appearing as a thin white streak of debris, somewhat shifted and
borne down tﬁe hill, and often overrun by other detritus; but at one spot, where rather

" thicker than usual, it was found to consist mainly of the white, lumpy or yellowish variety
usually occurring near the base of the group. Some gray, compact beds overlie this;
and there are traces of a few dark shales in its lower part, as also of a peculiar bed of
compact, variegated, red and white clay rock, frequently observed elsewhere at the base of
this limestone group. The rocks on Mount Tilla contain but few of the numerous fossils
of the group so far as could be seen.

A small outlier of this limestone occurs below the road north-east of the houses on the
summit of the hill, having subsided with the other strata along a fault; and in the opposite
direction, just beneath the precirice on the edge of which the highest bungalow is perched,
remnants of the variegated clay-bed before mentioned indicate that the limestone has
barely been removed if, indeed, some of it in situ is not concealed by sub-aerial rain-wash.

The inferior portion of the Sivalik group (6), which rests apparently with complete con-
formity upon the nummulitic limestone, is mainly composed otP:rt:ong, gray sandstones of
rough texture and softer nature than any of those lower in the series. Thick beds of
lumpy pseudo-conglomeratic shale also occur, and some beds of red, shaly or marly clay.
Large fragments of silicified fossil wood are very numerous in some localities, particulnr{y
on top of the western end of the mountain. Over these clays comes a broad zone in which the
sandstones alternate with thick beds of red clay at the northern base of the hill for fally
1,600 feet; and this zone is succeeded by another of probably much greater thickness,
in which the intercalated beds of clay are of a pale brown color, there being little difference
in the sandstones throughout.

The less elevated continuation of the ridge from Mount Tilla proper on by Rhotas is
formed almost entirely of what appear to be the lower portion of these Sivalik rocks, greatly
crushed and contorted, generally }nclined at steep angles to the north-west, but in some
places more nearly horizontal ; while contrary dips occur on the Jhelum (or south-east) side
of this extension of the ridge.

To the eastward and east by north of Rhotas, the termination of the Tilla chain is
fringed by low, rounded hills of loose conglomerate or pebble beds, mainly composed of
smooth well-worn limestone and metamorphic rock debris. These pebble béeds also appear,

nerally in a disintegrated state, in the fine anticlinal section of the Kahan gorge near
E:hotas, and in omne 1place were seen to rest unconformably upon the Sivalik rocks; but,
owing to the extremely incoherent nature of the rock and ite liability to have its debris
re-arranged by atmospheric action, this cannot be asserted without considerable doubt;
though to the east, along and near the Grand Trunk Road, the general arrangement of the
conglomerate seemed discordant to the undulating digz of the Sivalik beds; while the way
in which the hills were overrun with pebbles and boulders left small hope of satisfactory
_evidence being here obtained upon the point.

Besides the fossil wood observed upon Mount Tilla, some fine mammalian remains were
formerly procured from the Sivalik beds between that and Rhotas, and were determined by
Dr. Falconer, as already mentioned. A set of beds containing numerous imperfect fragments
of these bones runs along the summit of this lower portion of the ridge close by the road
from Rhotas to Tilla, near a place called Thurbole. The bones were found in a frag-
mentary state, imbedded in the matrix as well as lying loose upon the surface, but though
some time was spent in the search, few useful specimens unfortunately could be obtained ;
and, to procure such, a subsequent and special mission would be probably required.

* The thinning out of this red zone may, perhape, be partly due to pressure and slipping on the highly incli
slope of the beds a% the north side of the hill, where the flaggy lower portion only is ml}f plog ghly inclined
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It will perhaps be observed that—though, as has been said, the lofty portion of the
ridge of Mount Tilla coincides with a fractured anticlinal curvature of the strata which
might be expected to assume approximate horizontality on the axis of the ridge—the height
of the hill is given at over 3,200 feet, while the total amount of the thicknesses of groups in
the sectional table only reaches about 1,000 feet, excluding the tertiary Sivalik rocks
which mainly lie in the plain below and on the northern slopes of the hill. To explain
this seeming discrepancy, it may be stated, 1s¢, that the height of 3,200 feet is attained
by the mountain just at the point where the beds commence to turn over: 2nd, that the
axis of the contortion rises towards the summit of the hill: 3»d, that 800 or perhaps 900
feet must be allowed for the height of the general southern base (the outcrop side) of the
mountain, and that a considerable sloping talus above this is formed of slipped masses
and debris at the top of which the section of the vertical cliffs begins to become visible.
Added to these there are three, if not four, step-faults along the south-eastern side of the
highest part of the hill, each of which repeats some portion of the strata, as seen in the
accompanying sketch section :—

Mount Tilla.
3242.

Section aboul W.36° N. line 500F abore Sealevel

1000 feet Verteeal Une Mile — herixontal
Bection across Mount Tilla, looking south-west.

1. Purple sandstone. 4. Red, shaly, and flaggy zone.
8. Black, shaly zone. 6. Nummulitie limestone.
8. Pseudo-limestone and compact sandstone. 6. Tertiary (Sivalik) beds.

With regard to the physical structure of the remainder of the hill, the upper portion of
the anticlinal curve expands to the west, beyond two deep coomnbs or glens, one of which opens
broadly to the south, but enters into the very heart of the mountain; this expansion of the
arch being accompanied by so slight a southerly dip that the lower members of the series
present, even to the lowest of all (the red marl), appear at the base of the hill along a line
which sinks gently to the west-south-west.

Along the Boonhar fault in this neighbourhood, some difference in the section is per-
ceptible, the group No. 2 of the above figure having apparently thinned out both on the Tilla
and the opposite side of the gorge: the purple band beneath seems to be also thinner; but the
ground is much obscured by local slips, small faults, and large detritus from the pseudo-lime-
stone group which, with many undulations, sheets the hilly ground or plateau about Choya.

Beyond this plateau and above it a somewhat tortuous cliff-line extends along the brow
of the hill, broadly edged by the nearly horizontally rolling beds of the red, flaggy, and shaly
band; while the tertiary strata of the plain beneath rise ata steep angle on tljl,e northerp
slopes, and, like the crest of a wave, overlap the ridge, forming most of the lofty ground
westward of the summit.

The extreme western termination of the hill is very abrupt, and some complicated faultin
occurs just at Pind Sevicki, the last of the high ground being formed of the red, flaggy, an
the underlying group, either vertical along a west-north-west line (coinciding with that of

the Chambal scarp), or dipping with the steep ground at high angles to the westward, but
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curving suddenly round the peak called Thob, at which place the north-westerly inclinations
coinmence, that fix the steep character of all the northern side of the lofty ground. Round
this peak of Thob, too, as a centre the strongly marked strata of the Sivalik (tertiary)
group are boldly curved so as to enfold those which form the hill ; the former, all more or less
on edge, being frequently so perfectly vertical that all trace of their outward dip is lost.

At the north-eastern extremity of the lofty ground the dislocation of the rocks is
accompanied by violent contortion both of the Sivalik and older beds, its intensity diminish-
ing considerably along the lower extension of the ridge to the north-east.

Gold is said to be washed from the sand of the Boonhar river. Its source is probably
among the Sivalik sandstones and conglomerates, formed of Himalayan detritus. The
washing is carried on after rain.

The summit of Mount Tilla, though affording small space of at all level ground, will
doubtless attract attention as a sanitarium within easy reach of the DMilitary station of
Jhelum. It commands a splendid view of the snowy Pir Punjal range; is said to be,
and most probably is, much cooler than the plains, for when visited on an extremely hot
April day, the temperature in the'shade was very refreshing.

A road in excellent repair, save where it passes through the tertiary ravine-ground near
Dariala, leads from Jhelum to the houses on the summit; and the hill, though by no
means completely bare on top or on the northern slopes, is not crowded with jungle.

The chief difficulty, as usual, would be a large and continuous suppiy of water. Exten-
sive tanks exist, one of which is well placed, but lies rather low in order to obtain a
catchment basin. The disposition of the strata affords little encouragement to sink wells ;
though the black, shaly zone might be found retentive. Some springs there are, aad others
might be found, where the tertiary strata cap the ridge, but this is at a distance of from four
to six miles, and a road would have to be made to them, so that probably the best method
of increasing the supply would be by multiplying the number of tanks and making them as
little liable to leakage as possible, one large structure of the kind on the north side of the hill
having been found quite empty, owing, as was said, to this fact of its leaking.

Tae CorrER DEpPosiTs oF DHALBHUM AND SINGHBHUM.

The following papers on these copper deposits consist of, 1s¢, abstracts of two papers by
M. Emil Steehr, the accomplished mining geologist employed by the Company ?ormed to
work the mines; one in the “Vierteljahrschrift der Naturforschenden Gesellschaft” in
Zurich, Vol. V, p. 329, 1860; the other in the “Neues Jahrbuch fur Min. Geo. u. Pal.” for
1864 ; and, 2ndly, arecent report by Mr. V. Ball, of the Geological Survey. Scientific observ-
ations in .connection with mining operations in India are so rare that it is important to
place the experience and the opinions of M. Steehr on record in a form easily accessible to
the Indian public. The works being abandoned, the mine-sections were not accessible to the
Geological Surveyors. The localities mentioned by M. Steehr may be followed upon the map
attached to the second paper.

1.—Tae CorreR MINEs oF SiNgmBHUM, by M. EyiL ST®HR.

1. General Geological features: Schists.—It is only in the south and west of the
region under notice that granite and gneiss-granite appear, forming dome-shaped hillocks
seldom more than 100 feet above the flat. The old rock-formations—metamorphics—of Liyell
behave very differently; they form a system of parallel ridges from west-north-west to
east-south-cast, ranging in elevation to 1,900 feet and under. The strike of the ridges is for
the most part the same as that of the schists, except in a few places to the east; up to
Sideshor the strike varies from east-7°-south to east-30°-south; from there it is east 37°-to
60°-south. The dip is constantly to northwards, at from 15° to 50,° mostly from 20° to 35°.
This structure decides the form of the hills—steep on the south and sloping on the north.

These schists present many varieties, scarcely any form of metamorphic rock is un-
represented ; clay-slate of the most various types, from soft clay-slate to roofing slate, with
quartzose varieties, or sometimes quartzites, forming the ridges; mica-, chlorite-, talc-,
hornblende-, and quartz-schist with quartz-rock are the most prevalent. Occasionally gneiss
is found, but without any continunity or constant position in t%o series. There is a peculiar
rock composed of round grains of quartz in great number (often exceeding the matrix) in a base
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of clay-slate. At the junction of the sedimentaries and the granitics there occurs a strange
quartzose formation, a true arkose, many feet thick and almost vertical ; in which are found
angular fragments of the different metamorphics, in a fine quartzose mass. Of minerals
I obtained garnet, schorl, kyanite, rhatizite, and chloritoid (of Kenngott); also a blue-black
mineral of an elongated form, which Kenngott considered to be apatite united with a car-
bonaceous substance.

2. Greenstone dykes.—The irregularities that these ranges exhibit are due to the pre-
sence of transverse dykes, especially of diorite. Simple inspection cannot determine whether
the greenstone is amphibolic or pyroxenic—diorite or diobase ; I incline to consider it diorite.
Generally hard, it often becomes soft, changing to aphanite ; at Paraum near Dhoba it is almost
serpentinous, containing nearly 10 per cent. of water. Not far off are considerable runs of
potstone, which this aphanite seems at all events to approach. In other places the nstone
Ppasses into greenstone-schist, following the strike of the series. Although these dykes do not
always come to the surface, they can be traced at intervals in long ridges recognisable from a
distance as longitudinally extended lines of comical hills, generally double-topped. The
strike of these diorite masses varies, generally north and south, or 15° on either side.
‘Where such a north-south range crosses those of the older rocks all is confused ; still a most

icturesque conical hill always detaches itself from the mass. This very hornblendic diorite

as a remarkable tendency to spheroidal structure, and appears on the summits split into
vertical columns, like ruined castles. It is noteworthy that one often finds such clefts with
quite fresh surfaces of fracture: this is the result of the sudden cooling by rain of the rocks
when highly heated by the sun’s rays, as I determined by direct experrment. These diorites
are so rich In iron that they often Xisturb the magnetic needle, and weather into iron-sand.
The diorite cones seldom form considerable elevations ; but this is not without exception, as at
Bagmuri, 2,000 feet high. Where the diorites come in contact with the sedimentaries these
are altogether metamorphosed ; basalt-jasper occurs ; the schists are calcined, and columnar
divisions are frequent. These greenstones are not limited to the north and south dykes.

‘Whether the introduction of the greenstones has had any connection with the appearance
of the copper ore must for the gresent remain undetermined ; it would seem the more
likely, inasmuch as the potstone and serpentine formation is certainly so connected.

3. Granitics.—These diorites run into the granitic area to the south and west; where
gneiss-granite and, less frequently, true granite form dome-shaped hills; these also here
observe an east-west direction in long parallel ranges above the plain, traversed by the north-
south diorites—an arrangement that gives to the whole area a strange chessboard-like aspect.
At the intersections of the two systems of ranges, the most picturesque cones occur;
and remarkable development of mica appears in the granitic rock, so that the mica is applied
to many ornamental purposes.

4. Laterite—In India many different formations are grouped under the name of
laterite. There is the laterite of the plains formed of detrital matter into which the iron
constituent came from without, probably from springs; such is the laterite of Midnapur.
From these are to be distinguished that which owes its formation to the decomposition in
sity of ferriferous rocks; such is the only laterite known to me in our district, as on the
summit of Mahadeo, derived from the ferriferous diorites.

5. Mineral products—I1 have already mentioned the potstone that is worked into
various utensils. I may here notice an ochreous schist that is used as a dye. Of ores there
are—iron ore, sometimes as a vein, sometimes stratified; mostly pure magnetic iron (see
Berg- und Huttenmiinnischen Zeitung for 1863); seldom redv ha@matite, and once only
brown hmematite ; then the rich copper ore, which was the object of my journey to India.

6. Copper ore: its range.—This copper ore would be interesting if only on account
of its unusual longitudinal extension—for 80 miles if not more. I have examined it more
clogely through a length of 65 miles, from Lopso hill in the west to as far as Badia in the
east. 1 know nothing of its further distribution in the western forest-clad hills, but in
its eastern range it lgoes far beyond Badia to Bairagurha, the most south-east point on my
map; and so far as I examined the intermediate hills, traces of the ore were found everywhere;
but in its longitudinal range, it appears most in the northern hills.

7. A lods, or bedded.—The strike and dip so coincide with those of the containing
strata that one is induced to comsider the mineral deposit as stratified; against such a
supposition there is the vein-like mode of deposit, the frequent cuirasses and slickensides,
the occurrence of druses, and the broken outcrop. At all events the deposit is a filling of
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cracks ]pmllel to the layers of the containing rock ; and the formation of these cracks was
probably contemporaneous with the upraising of the schists. Following the structure of
the containing rock, the deposit was originally variously irregular; and this condition was
aggravated by the intrusion of the diorite.

8. Ssveral outerops.—Proceeding from north to south there uently ap) two
or even three consecutive runs of copper ore; it would thus seem, partly that onmd the
same band was brought several times to the surface by upheavals, partly that a system of
parallel de{?sits truly exists. At all events we can recognise at several places two parallel
ridges, or lines of outcrop, sometimes miles apart, sometimes coming so close that they
almost commingle. Going from west to east we find, quite to the west, near the Lopso hills,
two runs of ore scarcely ten minutes from each other ; a third more northern locality seems
only due to a local disturbance. These two runs separate to eastward, being several miles apart
at Khursowa, until they appear to come toiether again in the Akarsuni hill. From there to
Tamba-dungri (copper {.dlg the deposit is buried beneath the deep soil of the plains. At
Tamba-dungri one run appears which can be traced over Jamjura, then bending southward to
Landu, and then again northwards to the summit of the conical hill Chundra, A little north
from Jamjura a second band shows, which runs northwards from Landu to Chundra, at the
summit of which these two runs are scarcely two fathoms apart. From here the two separate
again, one goes south to Matku in the plain, where it is concealed ; one to Hitku,
etc., in the north flanks of the Bangi hills. Here there is a break of several miles where 1
was not fortunate enough to find the ore: finally it appears in at Racka and proceeds
then in a long line following the north hill-flank. tween Bindrabun and Sideshor the
strike alters, from east-37°-south to east-60°-south; also the intruding diorites disturb the
rocks much, and with them the deposit. In their further course mtwa.nf the hills trend rather
back, and the deposit gets gradually into the plains. At Pathur-ghors, we find again two
lodes, probably, however, only the broken parts of one and the same main lode which unite
at Bairagurha. From here all straight, except once at Karapathur there is a disturb-
ance ; the contorted and crushed strata are conf<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>