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TaE VALLEY oF THE PoorNa River, West Berar; by A. B. WYNNE, Esq, F. 6. 8., &e.

The Poorna valley between longitudes 76° and 78° east, is traversed by the 21st
parallel of north latitude. It is about 124 miles in length from its upper or eastern end
to where it passes into the larger valley of the Taptee ; the main directions of both diverging
at first 80 as to include an angle of about 50,° but afterwards becoming more nearly parallel
or east and west. The width of the valley may be roughly estimated at from 30 to 40 miles
on an average, but is in places greater.

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

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

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

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

In the river valleys, and where superficial ¢ rain-wash’ has accumulated, a light brown
‘kunkury’ alluvium is associated with calcareous sub-recent conglomerate below and black
cotton soil above, one being quite as occasional and accidental as the other, the conglomerate
or concrete being perhaps the most persistent along the river courses, the brown alluvium
or (P) ““ soda soil”"t more universal and the cotton soil occurring, subject only to the rule that
it is always uppermost.

Upon descending the escarpment of the Deccan into the valley of the Poorna its alluvial

lain is entered, often at no great distance from the ghat, and stretching away as far as can
ge seen ; only clear days permitting some of the nearest mountains upon the opposite side

¢ These heights are taken from a small photograph copy of & map of Gangra by J. Hulhéu, Esq.
+ This efBorescing brown alluvium is considered by Mr. Blanford different from the * soda soil” of Madras.
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ble. Heights not being given upon the best maps obtainable, the elevation of
nd its boundary ranges could not be ascertained even approximately in the absence
rometer—which is to be regretted, as the main wateruﬂed of India separates the
rces of the Poorna from those of the Wurdah, the water of the former being discha:
eventually at Surat whilst those of the Wurdah are tributary to the Godaveri, which
enters the sea below Rajahmundry on the opposite side of the peninsula.

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

All round the margin of this alluvial tract is a belt of country that might or might
not with propriety be included within it, although the surface deposits there go not conceal
the underlying rock, the exposure of which was taken as the chief guide in determinin
the line of boundary. On the north and east, this tract of countr{is very stony, thoug
nothing resembling an old beach is seen, and it may be supposed that streams descending
from the mountains and hills have frequently travelled across this space, their courses sub-
ject to lateral deviation, covering the wh(ne of it with the coarser fragments brought down
{)y floods at a time perhaps when the water of a lake or the sea, occupied the basin of the
finer alluvium and arrested the boulder-bearing velocity of these mountain streams.t

In overy part of the alluvimin calcareous conglomerate or concrete is of common
occurrence. It occasionally contains fragments of bone or fossil teeth of ruminants, but
although sought for, no large accumulation nor even a large fragment of these fossils, was
observed. Yet enough was seen to show an identity of the conditions under which these
deposits and those of the Nerbudda valley were formed. This sub-recent conglomeratof
is very frequent in the stony tract above mentioned. It was everywhere searched for worked
flints but without success, although one flake was found in a quite similar deposit, forming
the right bank of the Godaveri at Pyton in the Deccan, at a considerable distance to the
south.

Small land shells are not uncommon in the alluvium, some were preserved and trans-
mitted to Calcutta, but in general they were too fragile for removal. They appeared to
belong to existing species. Specimens of Melania tuberculata ; Paludina Bengalensis;
Bithiniad pulchella ; Lymnea—; Planorbis—; Unio (?) favidens : U.—7 have been
recognized.

* Prunounced Uom’rowtee.

+ At one place in the stream near Dhanapoor the stony margin seemed to unite with the finer alluvium by
alternations of coarse and fine strata two feet or 80 in thickness.

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

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

Some of these salt wells near Dyhunda in the lands of Gunoree are from 120 to 130
feet in depth or probably more. They are sunk thmuih yellow clay, then redder clay, and
below this a coarse sand or fine gravel from which the water issues with great force. They
sre lined with wicker work in order to preserve the pottery vessels, in which the water is
raised by hand, from breakage. The crystals of the salt are small and it is rather dirty, but
during the “dhiip kala” or hot season, it can be obtained whiter. The wells are numerous
over the tract north of the river and some also occur to the south. )

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

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

Good water is scarce in this district, in some places shallow ‘jhierics™® alone can bo
depended upon for a supply, the wells beinF brackish and even the river gravels furnishing
brackish water if pierced to any considerable depth. A succession of dry years seems to
bave greatly reduced the usual supplies of water, and very many of the villages among the
hills to the north are deserted, it is said, because the streams which supplied y*&em formerly
do not now furnish sufficient water. Not improbably the diminution in the supply has been
caused by the wholesale cutting down of the jungles which covered the country hefore tho
period of the English Raj.+

The hills and portion of the valley south of the Poorna river have been stated to consist
of trap similar to that of the Deccan; all the usual varieties of amygdaloid, zevlitic,
columnar, hard, gray, and softer, ashfv-looking traps occur, their stratification being very
perceptible, and always nearly horizontal.

¢ This name is applied to small excavations in the sandy bed of a river reaching the water which trickles
beneath the surface, and thus hecomes naturally iltered.

+ Want of water is much complained of at Chikulda. Therc seems to be no reason why the plateau to the
east of the bungalows should not afford a sufficient catchment besin for the station. As the trappean strata of the
hill dip N. by W. at &', if wells were sunk, the north side of the plateau would be the position to choose with most
probsbgllty of success. Near the bungalows however the rhlnn. If such it can boe called, is very narrow, and affords
a much smaller catchment ares, (e even here the hill must contain strata which retain water as it issues from the
rocky beds of nullshs, and one well immediately beneath the northern edge of the platean, and at a considerable
Iuig‘t upon the mountain side, is stated never to go dry. .
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About the Gawilghur range on the north there is a constant dip at low angles in that
direction, the lower part of the range being chiefly composed of amygdaloid and soft traps;
and hard basaltic beds occurring in greatest quantity among the higher parts of the hills,
where such bands may be seen to course along the sides of cliffs and mountains for several
miles ; a.cagping of the harder trap remaining here and there on top of an isolated peak or
hill, while lower elevations around have less angular and more flowing outlines, being formed
of the softer varieties of the trap.

. Occasionally along thé base of this range, the beds have been thrown into wide curves
with very gentle inclinations, their axes dipping but slightly to the northward.

. Intertrappean beds are said to occur among the Gawilghur hills; they were only detected
in one place, and consisted of hard chert enclosing numerous shells : but though near, this is
not properly speaking within the Poorna valley.

Perhaps the most interesting geological feature of this country is the oocurrence of a
great fault, with a down-throw to the south, which may be very considerable, as it shifts the
trap downwarde for some two or three hundred feet visible, added to an unknown thickness
of the trap which is buried by it, so that trap, of what exact horizon cannot be stated, is
brought against the underlying Mahadeva or Bigh (Tanda)* sandstones. This fault crosses
the country in an east and west direction, close to the foot of the Gawilghur range north of
Ellichpoor, where the abrupt southern scarp of the range shows these sandstones, occupying
the interiors of open curves in the trap like those just now mentioned. The difference of -
inclination between the sandstone and the traps is but slight, so that their unconformity is, as
usual, not very strongly apparent, though it nevertheless exists; the line of contact where the
overlying traps rest upon the sandstone, is frequently difficult to see when close by it, though
from a distance the difference of coloring and the bold projections of the sandstone onwroK
mark it well. The sandstones are chiefly soft or coarse white and even-grained rock, whic
would doubtless make a good building stone. A large mass of these occurs iu the lower
portion of the group exposed ; above them are conglomerates, other sandstones of similar kind,
purgle and black shales and flagstones, variegated and white flagstones and shales, and then
solid gray limestone with silicious or cherty nodules of peculiarly ruﬁged aspect ; these lime-
stones in some places becoming so variegated as to form what if polished would doubtless be
a handsome marble.

In this iroup of Mahadeva or Bagh beds dips to the north of 10° and 15°, with others
more nearly horizontal, may be sometimes seen ; these becoming less as the sandstones finally
disappear beneath the Gawilghur traps to the north of the cantonments of Ellichpoor. In
the niver at Nurrha, north-east of the latter place, the section is somewhat unusual. The
ground here seems to have been intensely faulted, and instead of leaving the trap and passing
over the fault on to sandstone at the base of the hills, trap is again found north of the
tg.]:neral line of fault; then occur several large dykes of another intrusive trap different from

at usually met with, between which are masses of the limestone, sometimes resting upon
a conglomerate, and tilted in various directions at angles of 35° and 50.° Beyond this
distur locality the next rock seen is sandstone, horizontal for some distance but soon
overlaid and covered up from view by the unconformable trap.

In the flaggy portion of the Mahadeva or Bigh group, impressions of large plants
have been observed, and in the shales and some of the lgxmestonec numerous small uamvalve
shells.

Fossils were known to have occurred north of Ellichpoor, as mentioned by Dr. Bradle{.
These sandstcnes were known to the late Rev. Mr. Hislop, but seem to have been erroneously
considered inter-trappean. Lithologically they frecﬁxently recalled the appearance of the
sub-trappean cretaceous rocks of Bﬁgh-%anda and Rajpoor along the Hutnee river, &c.,
in the valley of the Nerbudda, and it was a disappointment not to find t}le same, or the
same quantity of fossiliferous evidence here, the Leds in both places being possibly, or
probably, of the same age.

Laterite occurs on the new road from Ellichpoor to Oomrawuttee at a_place called
Bulgaon or Burgow, about six miles from the latter citg. It is more properly a lateritic
oong?omerata of small pebbles cemented together by iron oxides. It lies horizontally, and bas

* Bigh-Tanda is the name generally used by people when speaking of Bigh st a distance therefrom.
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much the appearance of a re-composed rock, in many places quite incoherent, harder at the
top and outeides than internally, and the pebbles are all red, bright purﬁle or ferruginous,
ioh:d outside and not recognizable as derived from any of the traps of the country, unless

their resemblance they might be taken to have come from one of the beds of red
bole, which are not very uncommon; but then there is no reason why if so derived they
should not be intermixeg with other trap pebbles. This has all the appearance of a local
deposit, does not crop out in some natural excavations near at the same level, and appa-
rently passes away underneath the cotton soil, but being horizontal or nearly so shows
for a considerable distance along a sluggish stream which occurs here, occasionally vary-
ing in structure so as to become a mottled white and purple rock of some strength.

In one place on the bank of this stream a little cliff shows the incoherent gravel
resting upon a soft ferruginous bed, about 9 feet thick, with some lines like those of
deposition. Beneath this are 5 or 6 feet of greenish-gray trappean mudstone, very splinte
and breaking up into cubical forms so much that it is nearl‘; impossible to obtain a fres
fracture; some harder parts seem calcareous, and have a fracture resembling that of compact
limestone. The laterite may be traced for more than a mile in an east and weet direction.
Near Budja Kaira, on the larger river here, strong vesicular laterite undulates about
horizontally, but does not continue down the stream.

Again at Reethpoor lying to the eastward from Qomrawuttee, there is a quantity
of laterite in low swelling undulations—with the usual appearance of lateritic ground, a
ferruginous more or less smooth surface and occasional hard projecting knobs, but no good
sections of the rock.

At Chickulda (the hill station on top of the Gawilghur range frequented by people
from Ellichpoor), the plateau upon which it stands and the surrounding summits have a
strongly lateritic appearance such as may be seen at Matheran and other summits of the
Western Ghits.

These indications of laterite, occurring as they do in situations where the uppermost
beds of the trap series might be supposed to occur, may indicate a similar or nearly the same
Iateritic_horizon, which is knmown to occur among the uppermost, if not actually on the top
of, the Deccan traps along the Western Ghits. Otherwise they may be referrible to zones
of ferruginous strata more specially lateritic than the layers of red boley trap referred to as
occurring in this neighbourhood and on the Deccan plateau ; but their limited development
and isolated character hardly afford sufficient grounds to reason upon with much probability
of arriving at trustworthy conclusions.

The cotton soil or black soil of the Poorna valley, although common enough, as is usual
in these trappean districts, has no geological peculiarity here requiring attention. To its
development, however, and the fertile nature of soils derived from the trap may be traced
doubtless the name which this country has obtained as a cotton-producing district.

On the Kupparar and KueNooL Foemartions: by W. KiNg, Junr.,, B. A.

The rocks forming the greater parts of the Kuddapah and Kurnool districts in the
Madras Presidency have been long known through previous explorers under the names of
“ Diamond Sandstone,” * Clay-slate Formation,” &c. They extend over such an immense
area, and are found to be so oomlplex in their stratigraphy and eo diversified in their rela-
tions, particularly among the lower and older groups, that their systematic survey is not
yet quite completed, though some years have already been spent in their examination. Suf-
ficient, however, is now known of them to warrant the giving a short sketch of this interest-
ing series of rocks.

The series consists of great thicknesses of quartzites (altered sandstones), slates, trap-
flows and their associates, and limestones; and these are found to comstitute two (if not
more) t and distinct formations. To the older, being so typically and largely exhibited
in the Kuddapah district,® the name Kubpparar ForMATION has been assigned ; while the
newer KtrNoorL FoRuMaTION derives its appellation from the adjoining district over which
it is so very well seen.

¢ Kuddapah town itself is on shales and limestones of one of the groups in the newer formation.
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The area of these rocks, from the Kistnah river down to Naggery Nose,* their
southernmost extremity, is about 13,500 square miles. The greatest thickness of each for-
mation, as at present known, is :—KueNooLs, 1,200 feet ; Kupparans, 21,000 feet.

The most interesting feature about these formations is that they are most probably
representatives of the great VINDHEYAN series of Indian rocks. This conclusion has been
arrived at from careful comparisons of typical rock-specimens from either series, and of the
recorded observations made during the surveys of each. The VINDHYANS have now been
traced as far south as the Godavery river, where it traverses the district bearing its name;
and here they are so lithologically and stratigraphically like the Kupparars and Kurxoors
on the Kistnah river, not very far south, that there hardly remains a doubt as to the ‘identity
of the one with the other.

The history of the Kuppapams is still to be thoroughly worked out; and on this
account, the present sketch will be more directly confined to a description of the KurNoors.
There are, however, some well-marked and clearly made out features of the Kuppapans
which may in the mean time be adverted to.

Both formations agree in this, that they are largely made up of buartzites, while
limestones are sparingly developed in one and extensively in the other; but the Kupparaus
are distinct in showing strong groups of clay-slates, with one of which it may be necessary
eventually to include the trap-flows and their associates referred to above.

Supposing at present that all the quartzites, slates, &c., not included in the following
description of the KuURNooLs, may be considered as of the Kupparam ForMmaTioON,
it is then possible to give an idea of their locality in the great area of country occupied
by this formation.

The Goolcheroo hill-ranges south of Kuddapah, and their extension south-eastward
down to Triputty and the Naggery hills, are made up of quartzite sandstones and conglo-
merates ; while rocks of the same kind with bands of slate go to form the long range of the
Eastern Ghats or Yellacondas lying between the Kuddapah and Nellore districts. The
country south-east of Kuddapah, that is Ontamitta, Chitwail, Poolumpet, &c.
within these mountain ranges, and that due north of it:—Nullamullays, Budwail and
Cumbum, up to the Kistuah river, are also made up of like rocks of the same formation.
The Gundicottah range of hills, north-west of Kuddapah, is likewise of these old

uartzites, and the parallel ridges and valleys between that range and the Bellary district to
e west, with their extensions right up to Jaggarnat-Conda (hill), a few miles south of
Kurnool, are of quartzites, slates and traps.

These older rocks are interesting as being traversed, at rare intervals, by veins and
strings of copper and lead ores, accounts of which have from time to time been given by
writers on the resources of Kurnool and Kuddapah. Copper ore occurs very sparingly ; in
fact, there are only traces of it, but the sulphide of lead is more abundant. The workings
for both were abandoned years ago; a state of things perhaps due to the difficulties
in the way of living at, and working the mines, rather than to a failure in the ore.
'l‘ru(:les of these ores are also known in the older crystallines or gneiss, of the remainder of
the districts.

With such a brief account of what is at present known of them, the Kuppirams may
be left for tuture deseription.

Kurxyoors.

This formation unfolds itself as a double series of groups of limestones and quartazites ;
the lowest beds of all being quartzites, as thus, in descending order :—

1. Limestone group ... 1.,, %?,‘,::x:e’...m“.

2 Quartzite group ... .. ;'. i’:i‘.’t"e'.ﬂ‘&?ii"‘

3. Limestone group .. ..{p yﬂﬁ‘ﬁ:‘:" e thles

& Quartzitegroup .. .{} %e'é‘:'(:o‘x’,t‘.’fm diamond gangue).

* A peak of the Naggery range, about 40 miles W. N, W. of Madras.
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These four groups are quite distinct, though conformable ; they generally overlap each
other in some part of the field, and they lie, for the most part, very much as they were
originally deposited, viz., in great flat basins with edges slightly turned up,* or in very flat
undulations, from which, however, the upper limestones are always denuded, leaving the
quartzites exposed.

o 1sT GRoUP, KHOONDAIR LIMESTONES.

The uppermost group lies nearly all over the wide Khoond-air (river) valley which
stretches northwards igr:t)n Kuddapah town, and over most of the Kuddapah basin or southern
extremity of this valley. There is a small outlier under the fort of Kurnool; while more
of the same rocks cover the eastern extremity of the Raichoor Dodb. Again, a considerable -
detached area of these beds, with the other groups, occurs in the Palnad, or western talugs
of the Kistnah district.

The rock coming to the surface,t especially in the Khoond-air valley, is not, however,
always limestones ; more generally, there are reddish-purple oalcareous shales (oceasionally
cleaved), and these constitute the upper member of the group. For instance, the shales occur
all up the middle, and very strongly at either end, of this great valley. They gradually shade
down into the typical limestones of the group, which are dark-gray, more or less earthy,
sub-crystalline becfs; sometimes very massive and thick, oftener flaggy or easily split up
into flacs of 1—3 inches in thickness. The limestones are also occasionally more crystalline
and compact, and cleaved to a certain extent, where folding or crushing of the beds has
taken place, as along the castern side of the Khoond valley. They of course show most
along the skirts of the valley, as near Kuddapah, Podatoor, Dhoor, Chagalmurry,
Sirwél, and so on up to the banks of the Kistnah.

2NXD GRrOUP, PANRUM QUARTZITES.

Along the western side of the Khoond valley, the country rises very gently in a series
of low long-sloping bhills, with a few plateaus and undulations, which finally present an
irregular scarp towards the Bellary district. These arc the Gundicottah, Ramwarum
and Paneum hills, whose surfaces, with the exception of the Gundicottah range, are made
up of quartzites of the second group, which thus rises up from under the limestones of the

hoond valley.

This is the only side of this part of the country over which these quartzites occur;
they do not appear on the western side of the valley, for the group thinned out altogether
in that direction, as well as to the north and south ; the sections among the turned up strata
on this side showing the upper limestone group lying on the lower one without any inter-
vening quartzites, as 18 the case in the sections on the western side.

Altered sandstones of the same group show rather strongly in the Kistnah district;
where they are again, through the denudation of the upper limestones, the superficial beds
of the low hills in the south-west corner of the Palndd.

The quartzites are of two kinds, quite distinct enough as features in the landscape, but
bardly sufliciently so to be referred to as separate members of a group. The upper variety
is a thick-bedded, massive, compact, white sandstone, much vitrified, but granular, and
showing a very peculiar style of weathering into massive buttresses and pinnacles. The
strata are generally horizontal, or at a very low angle, and the steep-sided ravines and scarps
denuded in these are often fringed with strangely picturesque masses of rock, or the slopes
below the scarps are strewn with great fallen masses of the same beds. The high-road from
Kurnool to Nundial passes over a plateau of those white quartzites, and the quaintly worn
masses immediately remind one of some rocky coast from whence the rushing and tumbling
waters have long since retired.

Coarse sandstones and grits, with pebble beds, of dark colors, and in thinner strata
are generally found subjacent to the thick, white, Einnacled quartzites, and are often alone
without the covering of the upper beds. In such last cases, the remaining beds now form

the summits of a number of flat-topped hills fringing the Koilkoontla and Banagan-
pilly sides of the Khoond valley.

a ‘d The subjacent Kupparaxs are, on the contrary, turned up on end, convoluted, crushed, and fauited in the most
varicd way.

t The Khoond valley is very extensively covered with cotton soil,
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3D GROUP, JUMMULMUDDAGOO LIMESTONES.

Wherever the above iroup of quartzites has been cut through, it is seen to be resting
quite conformably on a thick series of shales and limestones; occasionally the shales thin
out and nearly disappear altogether, and then the quartzites look to be resting directly on
gray limestones. ~

These constitute the second limestone &rouﬁ among the KuENooLs, and they are
generally easily distinguishable from those of the Khoond valley. The shales are generally
of a buff color and are never calcareous, while the purple shales of the upper group are
always more or less so; and again the limestones are as a rule more crystalline and compact.
There are, it is true, just as earthy and flaggy beds to be found in the upper as in the lower
group, but such beds are less uent in the latter, and they are arranged in definite
succession. There is generally a three-fold series, thus:—at the bottom, compact, sub-
erystalline gray, and some purplish beds, with a thin series of peculiar limestone breccias ;
in the middle, thick, compggt-splintery dark-imy and blueish beds; and thirdly, pale and
dark-gray compact, sub-crystalline and sub-earthy, often flaggy, beds.

The more crystalline and compact beds weather in a peculiar coralloid manmer; the
worn surfaces being so radiately furrowed.,ﬂyitted, and concentrically terraced, that the rock
seems to be made up of two or three different forms of coral; but close examination has
failed to show any organic structure. This coralloid appearance is characteristic of any
great show of these lower limestones, though the same feature is also seen every now and
then in the upper group.

This generally more crystalline set of limestones is seen at intervals, along the eastern
side of the Khoond valley, in a narrow belt of outcrop at or near the western base of the
Nullamulla{s. Again, on the western side of the same valley in Koilkoontla and
Banaganpilly. and in the valley between the low Nosoom ridge and the Gundicottah
hills, and so further south, in the western part of the Kudda tPah basin, where the Nerjee
quarries® have been opened up in the thin and compact beds of the group.

In the steep western slopes of the Gundicottah, Ramwarum, and Paneum ranges
of hills, these limestones again come to light and form a narrow continuous terrace below the
vertical scarps of upper quartzites, all the way from the tops of the hills east of Tadpurthee
(Bellary district), up to within 24 miles south-south-east from Kurnool, when it spreads
out in wide sheets between the lower and gentler undulating hills which are here sinking
%gdwn to the flat country of Kurnool, itself built on a further out-stretch of these same

8. .
Here, in Kurnool, the group has thinned out a great deal, but still there are the three
varieties of limestones in their proper order: the canal being cut in thin flaggy upper beds ;
the more crystalline strata cropfli:g out between the canal and the village of Calloor; and
the thin grey compact sub-crystallines, though altered much by local igneous action, showing
close ung:: the western bastions of the town. Thence, with the exception of some slight
denudation in the Toongabudra and Kistnah, these limestones extend northwards to a
few miles beyond the latter river, in the Hydrabad territory.

In the PalnAd there is the limestone again in great force. It here presents identical
characters with those in Kurnool and Kuddapah, except that it is more extensively
cleaved ; and that the white and buff non-calcareous shales are only seen to a small extent.

4ATH GROUP, BANAGANPILLY QUARTZITES.

Lowest of all of these strata comes another quartzite group which is interesting as
including the beds from which only diamonds are known to have been extracted in the
districts under description.

Hence, if the old nomenclature of “ diamond sandstone,” or “ diamond formation’ was
to be employed in a classification of Madras rocks, it would bave to be applied to the Kun-
NoOLS, or one of the groups included in that formation. There is no case known of diamonds
having been found In quartzites of the Kuppapams, or in fact in any other group of

* These quarries were opened, and are now extensively worked by E. W. Barnett, Esq., who has used the stone
whenever practicable on the Madras Railway, and for the new Madras University and other public buildings in the

Presidency.
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uarfzites but the one now described. It is not, however, advisable to employ a name to

istinguish a formation, which is derived from what is evidently onlg an accidental attribute
of the rocks; while it is not certain that the diamond sandstones of Punna in Central India,
which belong to the VINDHEYAN SERIES, are on the same geological horizon as the diamond-
bearing beds in the Kur~ooLs.

This group of quartzites is a generally thin series of coarse sands, grits, and pebble
beds, of dark colors; the sandstones being in thick beds, while the grits, &c., are generally
thin and sometimes y. The pebble are full of small fragments of chert of various
colors which are evidently derived from the slates and trappean beds of the KuppaPaHs, on
the up-turned edges of which they now rest.

The relations and constitution of the group were first made out at Banaganpilly in the
Kurnool district, where the long sloping hill which rises to the west of the town is faced
with the quartzites.®* From this point the strata were traced ® the west, on either side of
the Puspulla valley, as another narrow terrace of nearly horizontal beds of not much
thicknees, below and continuous with the terrace of limestones of the second l§roup, already
referred to as lying below the western scarps of the Ramwarum and Paneum hills.
Indeed, these lowest quartzites form the toe of these western slopes.

The thin-bedded pebbly strata which are generally the lowest in the group seem to be the
bolders of the gangue, or shaly seams, in which the diamonds are found, but it is only at
rare intervals in the extoeed area of these pebble-beds that workings have been opened, which
is partly accounted for by the fact that these seams of sandy and pebbly shales are only of
local occurrence in the quartzites. The selection of working sites seems mainly to have
been guided by chance, as the finding of a diamond by a cooly or sbepherd, and the selection
has been a luck{e:ne in only some cases, for there are localities where extensive workings
have evidently been carried on for centuries; while others have soon been deserted. Tae
diamonds found at present are very small and not of much value, nor do the returns seem to
have been any better for many years. The workings are of two kinds; mines excavated in
the strata, or pits sunk at various points in the recent deposits of debris, shingle, and gravel,
derived from the denudation of the quartzites.t The Banaganpilly workings are mainly
mines, while the now deserted pits at Chennoor near Kuddapafn were in recent gravels,

In the Palnad,} there are again a set of altered sandstones answering to this group, and
there too among these beds are frequent traces of old diamond workingsl.mg group

The lowest group of the Kurnool formation is always found to be resting unconform-
ably on other quartzites, slates, and limestones ; and where 1t is overlapped by the superincum-
bent limestones, these in their turn are found covering the older rocks in the same way; in
fact, there is not the smallest doubt but that the four groups now described constitute a
%stinct formation separable by a great interval of time from the subjacent strata, or the

UDDAPAH.

Both formations are totally devoid of any fossil remains, at least not a trace of evidence
of organic life has been found in their strata, and in this they are like the VINDHYANS which
are as indicative of a period when there was no life. No more likely series of rocks for con-
taining such remains could be imagined ; and one is tempted again and again to examine
favourable localities, but always with no other result than some deceptive concretions, or
worm-like tracks, or the most perfect surface of ripplings in the sandstones.

Neither can it be that fossil remains which may have once existed can bave been so
completely obliterated by the metamorphic influence to which these rocks have been exposed,
as to have left no trace behind; for whenever we have the originally sedimentary contri-
tution of the rock apparently completely baked out of sight, as it were,—as in the case of
pebble beds and the coarsest conglomerates, which, until they are weathered, are as uniformly
granular quartzites as one could wish to see—, the various weathering influences have again
revealed the original constitution.

* The Banaganpilly diamond mines are sunk and worked on the slope of this hill.

4 These dtbris-deposits are often quite outaide the area of Kupparamsand Kvawoors, and h oocast
:.::; l:tfm d]nmonhdn being found in the neighbourhood of granite, or gneiss, when they a::' m.ppoudmt.: ;‘dgﬂvedw.lfml’
rocks.

$ 1t may be an well to notice that the so-called Juggiapett ocoal-field is s nosth-eas Palnéd
area, and thz Juggiapett rocks are Kuznoors and Kupparans which are not at all of a mm:?hm.
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There are deceptive appearances of organic structure, such as, minute concentricall
Inminated globular bodies, 1 some of ﬂler%{UDDAPAH rocks ; the coralloid character of th%
Kurnoql l.gmesbones; minute Cypris-like bodies in the upper limestones; the dendritric -
crystallizations of the oxide of manganese in quartzites, limestones, and slates; and lastl
the cavities of clay-galls so frequent in the sandstones; but these of course are all referribl{
to other than organic origin,

GEOLOGICAL SKETCE OF THE SHILLONG PLATEAU: by H. B. MepLicorT,
F. G. 8, Geol. Survey of India.

The main features of the geology of the Shillong plateau, on the north-eastern frontier
of Bengal, have been known for some time: cretaceous, nummulitic, and younger strata,
resting horizontally upon metamorphic rocks of various types, at an elevation of 4,000
to 5,000 feet, and ni)ubtfully related to extensive masses of trappean eruptive rocks. A brief
opportunity has recently occurred of visiting the hitherto geologically unexplored western
portion of the plateau in the Garo region; and also of re-examining the central portion,
in the Khasia district, at a season wken fleld work was possible. A brief abstract of the
results is here given in anticipation of the more detailed description.

Regarding the supra nummulitic rocks, which are ve; rly exposed in the central
region, little fresh information has been gained. From t emd{wne of Nongkalong on
the western limits of the Khasia district, where it rests upon nummulitic limestone, Cap-
tain Godwin-Austen has made & collection of fossils upon which Dr. Stoliczka remarks that
“ none of the species, so far as recognizable, appear to be identical with those known from
the nummulitic beds of the same district.”

The nummulitic formation presents a total change in the character of the deposits
from east to west: from being purely sandy and calcareous, they become almost entirely
argillaceous.

The doubtful horizon between the nummulitic and cretaceous formations has been
worked out. The former does not overlap the latter ; the northern outliers, so far as known,
are all of the cretaceous deposits. -

The local order of the cretaceous deposits at Cherrapoonji is described.

Many of the fossils collected have been identified by Dr. Stoliczka with forms occurring
in the Ootatoor and Arrialoor groups of the upper cretaceous rocks of South India. In
the small collection obtained, there were recognisable eleven forms of Cephalopoda, twenty-
seven of Gastropoda, eleven of Lamellibranchiata, three of Brachiopoda, and four
Echinoidea.

A very extensive formation of stratified eruptive rocks is exposed, unconformably over-
laid by the cretaceous strata and resting in natural junction against a steep face of the
metamorphic rocks along the south base of the platean. It is fully 3,000 feet thick. No
inter-trappean sedimentary rocks, nor any infra-trappean younger than the metamorphica,
having been found, it is ime‘l?ssible to assign the age of this eruptive formation. It is pro-
posed to call it the Sylhet Trap.

Totally distinct from this is the Khasia Trap, so massively devel in the interior
of the hills, associated with the younger metamorphics. It is probably hypo-synchronous
with these, 4. e., introduced (Pformed) at the time of their main disturbance and meta-
morphism. .

The ite ing, both in large masees and in dykes, through the upper meta-
morphics iguy‘gunger than gxe Khasia Trap.

The separation of the Shillong series (the upper metamorphics) from the Gneissic
series, is conjecturally indicated.

The peculiar position of the plateau, between two great regions of disturbance. and the
close relation of the stratigraphical features with the south-eastern of these mountain-regions
are discussed as illustrative of current opinions upon crust-movements.
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The occurrence of a sharply defined terrace of older alluvium round the west base of
the Garo hills, and corresponding with the well known Madhoopoor juzgle deposits in the
plains to the south, is noticed with reference to the changes that have the delta of
the great rivers.

October 1868.

ON THE OCCURRENCE OF GOLD IN THE DISTRICT OF SINGBHUM, &cC., BY VaL. Barr, Esq.,
Geological Survey of India.

The existence of gold in the districts of the south-west frontier of Bengal and in the
neighbouring tributary states has long been known. It is found not only in the sands of
many rivers and streams, but in some instances it has been mined for in the alluvial and
other superficial deposits.

Colonel Haughton in his interesting memorandum ‘On the geological structure and
mineral resources of the Singhbhém Division,* has given an account of the gold washing,
and enumerated several localities where gold mining had been, or was, at the time of his
visits, carried on. He also quotes from a letter from Mr. Robinson in which that gentleman
states the results of his attempts to establish gold-mining under European superintendence.

At Rohobe in Oodipur where operations were commenced and shewed some prospect
of being fairly remunerative, the climate proved so “hot and unhealthy” that it was found
that no European could live there, and the works were given up.

Colonel Ha;ghton says that “ the metal was found some years ago in considerable lumps
“in the Sona Nuddee of Sonapet in Tamar on the norﬂgem extremity of Singhbhim,
“ and much is still found there.”

I have invariably found that the washers have traditions of nuggets having been found
at intervals.

The cases of the gold having been found in situ are undoubtedly rare. Colonel Haughton
speaks of it occurring in (in sitx?) “a little north of Assuntitlea in Khursowa,”
but farther on he states “ I have not heard of any instance in which the metal has been
found attached to a stone, 80 that the former statement must only mean to xm%y that it is
mined for in superficial deposits.” Dr. Emil Stwhr statest that traces of gold were found
in the copper ores of Singbhdm.

A Mr. Emerson was specially employed by the Singbhéim Copper Company to investi-
gate the gold resources of the country. He is said to have crushed a quantity of quartz
-and to have found traces of gold in it ; but his operations do not appear to have been suffi-
ciently successful to encourage him to continue.

When in Chaibassa last April, I was shewn a small nugget of gold in a quartz
gnagl;lx.lbll:;'wu said to have been obtained in the Kappergudee Ghat near Kalkapur
in Dholbbdm.

It is not within the scope of the present paper to give a complete resumé of all that is
recorded on the subject, but rather to give an account of what actually come under my
own observation in those portions of the ﬁzntricts which have been examined geologically.

During the season of 1866-67, Mr. Ormsby and myself fancied we were able to connect
the occurrence of gold in the streams with the existence of certain submetamorphic rocks
(magnesium and mica schists, slates and quartzites) which were then for the first time met
with in MAnbhdm.

Being anxious to put this connection to as rigid a test as circumstances would admit of,
and wishing to define, i ible, the exact boundaries within which gold certainly exists
and may be reasonably looked for, I with some difficulty persuaded two gold washers (man

¢ J. A. 8. B. XXI1I, p. 103, 1864,

t Einige Bemerkungen Uber den District S8inghbbum in Bengalen. Viertel Jahre'schrift der Naturforschenden
Oonl-clnxf Zarich, 5th year, Part 4, 1360, ne e *
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and wife) to momﬁny me during my examination of the remaining portion of the district
of Manbh#m. ey remained with me for upwards of three months, washing daily at
such places as pointed out.

One of the most interesting results is, that the existence of gold in the metamorphic
a8 well as the sub-metamorphic rocks has been satisfactorily proved. This, from various
reasons, I was not pre to e . Colonel Haughton, who speaks of the granitic
gneissose rocks as sgneous, states that gold is never found in the streams traversing them.
Again, the Natives, so far as my experience goes, do not wash in the sands, &c., lying on
the metamorphic rocks, although they do not connect the existence of gold in the sands with
the vicinity of any particular rock.

In MaAnbhim, the eerrience of generations of washers has enabled them to define
the boundaries within which washing is remunerative; and this boundary, it is interesting
to observe, corresponds on the north exactly with that of the sub-metamorphic rocks.* This
coincidence I ascertained in the following manner. On my arrival at Dulmi (which is
situated on the faulted boundary of these two groups of rocks) when marching northwards
from the lower part of Pattrum, the gold-washer asked to be allowed to return to his own
country (Dhalbhdm), stating that none of his race ever went north of Dulmi. I induced
him however to stop, and while we remained north of the fault the washings were carried on in
the granitic gneiss area with comparatively poor, but not exactly barren, results. On the day
I crossed the fault south of Sindaree, when returning southwards, the gold-washer said that
we should after that find gold more regularly mg in greater quantities than we had done
since we came north at Dulmi.

During the whole time, a record was kept of the daily results and of the nature of the
rocks in which the washings were made. The following abstract will suffice for comparison
of the productiveness of the two formations :—

Sub-metamorphics.
January, | February. March. April, ToraL.
>vumber of days on which wash-
ings were made 31 9 18 8 68
Unsuccessful days ... 2 8 2 2 9= 36 per cent.
:old in grains o 17'68 465 76 245 32:38
Draily average in grains 57 518 ‘4 3 Daily aw for whole period
=46 grains.
Metamorphics.
January. | February, March. April, Toras.,
2lumber of days on which wash-
ings were made ... [T [N 20 . 18 | e 3
Unsuccessful days e o | e 13 9 sosane 32 == 00 per csnt.
‘‘otal gold in grains ... [ I 478 7 RS 548
iraily average e weesee k] o worsen mlly‘-;nn for whole peclod
= —'—_ u R

* A line drawn across the southern part of MinbhGm from Simlapal on the east through Burrabazar to a little
uorth of Echagurh on the west, roughly indicates the position of the Mne of boundary betweon the two formations,
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Comparing these results by the number of successful days first, we may say,
that for gol froducing, the submetamorphic rocks are to the metamorphics as
(100—13'6=)86"4 to (100—66=)34=2'5: 1; comparing by daily average, the proportions
become °46 : "16—=q. p. 3 : 1.

We may therefore conclude that the submetamorphics are between two and half and
three times as productive of gold as the metamorphics, so that as the gold washers only find
a subsistence from washing in the submetamorphic area, it is obvious that it would not pay
them to work in the metamorphics.

The greatest amount found on one day was 2:2 grains, but the daily averages given
above should not be taken as indicative of the amount of gold to be found by a regular
system of working where the washers would of course be set at favorable spots, and would
not have to spellﬁ a considerable portion of their time dail‘y, as was the case of the men I
employed, in making marches before they reached the scene of their labours.*

Various ga rs in the Asiatic Society’s Journal describe the methods of gold-washing
practised in different parts of India. The instruments used, though essentially the same

:Es principle throughout, have local peculiarities of shape, &c., and the manner of manipulation
0 varies.

At Heera Khundf the same instrument and manipulation serve for the separation
of both diamonds and gold. In fact the diamonds are found in the middle of the process,
the iron sand with specks of gold being the final residue.

In MAnbhim and S8ingbhdm the instruments used are perhaps more simple than
those used in any other place. The dish measures 28" by 18", it is hollowed somewhat
eccentrically to a maximum depth of about 2} inches. A scra.'fer formed of a flattened iron-
hook set in a handle, serves to collect the auriferious sand an vel which accumulates in
the angles of the rocks in the beds of streams. The dish when filled is placed in shallow
water, and the operator working with his hands soon separates and throws aside all the

coarser gravel and stones, while the agitation of the water serves to carry away all the mud
and lighter portions.

The dish is then balanced on the palm of the left hand and oscillated to and fro
with the right; this serves to throw off the greater portion of the remaining gravel,
and the process is completed by a circular motion, which is communicated to the water
in the hollow of the dish, by which even the smallest particles of forei

matter are

separated, and the final result 18 a residue of black iron-sand in which the specks of gold are
readily apparent.

The gold-washers belong to the lowest and t races in the country, Gassees

aoccording to Colonel Haughton, but some of those which I met with were a race of kumars,
called Dokras. Their numbers have been greatly reduced by the famine; without exception
they are all in the Fower of the Mahajuns, for whom they work at a low rate, and are never
able to free themselves of the claims which the: Mahajuns make on account of advances,

The daily earnings of the gold-washers are small, but might no doubt be increased,
if it were not that they are always satisfied when enough gold has been found for procuring
the day’s subsistence.

* It is conceivable that the fact of the r quantity of gold being found in the superficial deposits within
the submetamorphic area might be atttributable to thing in the configuration or elevation of the g d d
cive to the greater accumulation of gold within that area. 1 could not however discover anything of this kind; the
fall to south is gradual throughout both formations.

The origin of the gold which is annually found in the rivers at present is, I beliave, twofold. A portion bein,

directly ved from the rocks and the remainder resulting from the re-assortment of detritus which is the reman
of sub-aerfal action.

In both f¢ tions, the evid of extensive sub-aerial action are and prominent, and it is obvious
that nature has been carrying on gold washing operstions in the valleys, since denudati rst d to socvop
them out, leaving barriers of intervening ranges of hills formed of the hardest rocks between them,

t+ J. A 8 B. VIIL 1067, 1899,
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Colonel Haughton says—* The Gassees can always reckon on earning from three to four
pice per day, and I am assured thata vigorous man often gets as much as twelve annas,
whicl'l_.. as the ordinary rate of field labour is about one pice, must be considered a very large
sum.

Mr. Robinson found in a trial which he made at Rohobe in Qodipur, that men to
whom he paid one anna could produce for him from three to four annas worth of gold.

Colonel Dalton states that the washers themselves regard it as a very poor trade, simply
yielding they say pét bur (bellyful).

Dr. Steebr in his paper on SinghbhGim states that he found the average daily earning
to be about 25 centimes (rather more than an anna and a half).

The men I met with stated that they could earn about an anna a day and occasionally
three or four annas.

Taking into consideration the manner in which the %:)ld is distributed through the
superficial deposits of these districts, it would seem that the system of hydraulic mining,
at present practised in California, is the one which would be most likely to be successful.

In a recently published accountt of that system we learn that there is a company in
California which supplies water to the miners at such a moderate rate that “350 miner’s
inches of water, with a head of 160 feet, will remove and wash 4,000 tons of gravel per
diem, leaving a small profit on the working of stuff affording gold to the value of only three
half pence per ton.”

In parts of the districts under consideration it would be hopeless to e to obtain
a constant and sufficient supply of water with the necessary head-way: but there must be
ma‘x]:]y laces at the bases otP the plateaux which rise towards the west, where the conditions
;eo fstl peculiarly favourable. During the rains the number of such places would of course

vastly in .

The simplest idea of this process, which seems so nearly to approach to perfection in
California, is not, however, altogether unknown to the natives. EI: Robinson saysf—
“ Another plan and a very remarkable one in which the people collect the gold is by drawing up
small watercourses before the rains, so as to make pms for a deposit of soil carried down
by the water; this soil is cleared out several times and in it is found a large deposit of gold.”

In the shallow diggings the hydraulic system would not of course be applicable, but even
in them an increased field would undoubtedly result from supplanting the native’s dish by
the Californian pan, rocker, long-tom and sluice.

September, 1868.

MEMORANDUM ON THE WELLS NOW BEING SUNK AT THR EUROPEAN PENITENTIARY,
AND AT THE SITE FOR THE CENTRAL Jarr, HazareesaeH, by H. B. MEDpLICOTT,
F. G. 8., GEoLogicaL SURVEY OF INDIA.

1. All the rocks of Hazareebagh are of the most extreme metamorphic type, and are
besides very in'egularly arranged. It will, therefore, be at once understood that a question
of water-supply, in which these rocks are concerned, is altogether beyond those simpler cases
where a study of the sections might enable a Geologist to give an spsroxinmw positive.
{':dgment upon the source of water in any given position. The independent method

ing thus not applicable, I had to trust to the discussion of existing local experience, and
the comparison of &m with the special cases proposed, with the following results.

2. Hazareebagh is on an undulating upland. There is nowhere any strictly level
ground ; but the tops of the ridges are generally very flat, and the slopes very gentle. It

® J. A.8. B, 1854, p. 100.
1 Quar. Journal of Science, XIX, July 1868.
$ J. A. 8, B, 1854, p. 108. *
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is only in the immediate neighbourhood of the main stream-channels that rougher and
steeper ground occurs, and also where rocks come to, or near to, the surface, whether on the
slopes, or on the ridges. But even in this latter case, the summits of such ridges are ve
approximately on the same level as those where no rock is to be seen ; I t that available
information does not enable me to give figures. Over large areas, as in and about the Station
and Cantonments, no rock whatever is exposed. From the few glimpses I was able to get
in the upper part of unlined wells or in ditches, it would appear that such areas are formed
of a da.rlix stiff sandy clay, tinted with iron, and mottled with concentrated granules of the
same in varying proportions. The greatest thickness I was able to observe of this stratum
was 14 feet in a partially dug well, where the water level had not yet been reached ; but,
no doubt, it locally attains greater dimensions. I could not fully satisfy myself, from an
inspection of this clay, whether it is purely derived from the decomposition in place of the
subjacent rock, or whether it be in some manner alluvial, a point that would bear importantly
upon the under-ground distribution of the water. I incline to the former view; but, if
correct, the rocks must be there unnsuall({y free from the quartz-veins which occur so abun-
dantly in the exposed rock sections, and which veins would remain in position and unaffected
in the clay. This stratum forms a cold and retentive under-clay: the upper two feet or so of
a paler colour, where de- and re-composition has further advanced, forms a slightly improved
sub-soil, yielding at the surface a very Yloor 80il. Where the iron and the sand are not in
excess, t{; under-clay forms an excellent brick-clay; the upper layer being fit for tiles.
Below this clay, I am told, there comes suddenly an unknown thickness of incoherent sandy
or gravelly material, in which the water runs freely ; but from the very apocryphal descrip-
tions I have received, I am quite unable to say whether this be a diluvial deposit, or merely
disintegrated rock in place; what has been conjectured rega:dm,% the clay may show that
I incline to the latter view: the evidence of any old heaps or of well-clearings is in favor
of it. The greatly preponderating rock of the region is a finely granular hornblendic gneiss.
From a list of measurements taken in 42 wells within Cantonments, and a partially contoured
plan, both furnished to me by the Executive Engineer, I have made the annexed tabular
statement, from which a few inferences may be gleaned. In none of these wells, that I
ocould hear of, was anything like 7ock met with.

8. It is remarked on the list that “those measured in the evening have often been
largely drawn upon, as No. 14 on the south side of the Plunge-bath. Early measurements
for all would have been better, even if it had to be done on consecutive days ; it would seem,
however, that the discregnmcies thus introduced may balance each other in the averages of
the several groups ; but the data being thus not comparable, and there being no collateral
information, one is left without a clue to an explanation of what may be only apparent
anomalies ; such as Nos. 26 and 27, deep wells, exhausted, while much shallower wells in
the same neighbourhood hold several feet of water. In all such statistics, the original
depths to which the wells were sunk should be the measure given; this ought to be in a
permanent record and with it some attemFt, however rough, to describe tEe materials cut
through. All should, moreover, be easily referrible to the level of the lowest drainage point
of the region as a datum line.

4. The table, contrary to what might have been expected, shows no decided advantage
in the supply to wells at a lower level. ,

8. There is a very marked advantage shown, as was of course to be expected, in an
increase to the depth of the wells ; there is at least 6 inches gained in the daily supply for
every foot in depth below a certain point. I say daily supply, for I do not think tEut the
dopth of a well would affect its permanent level : thus Nos. gnnd 8 are within 70 yards of

other, neither was much in use; and although No. 3 is deeper by 8 feet 6 inches, there
is only 1 foot 3 inches difference in the water level, and even this 18 in favor of the shallower
well. From "every consideration it is manifest to me that to have an unfailing supply of the
best water in Cantonments, it is only n to sink a few feet lower than has been the
practice, and, I might add, to adopt some less primitive mode of drawing water than that
of hauling in buckets. Where there are only a few feet of water, this mode of raising
makes it turbid and unfit for immediate use. Serious difficulty seems to have been felt in
attempting to carry the wells even to their present deg’ch ; but I cannot find that any proper
means have been tried to overcome this difficulty, such as the use of some method oiy slrl'onng
up the sides while the work is being carried on in friable, watery ground, and at the same
time some means of unwatering more effectual than the obstructive ome of baling and

hauling.
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6. Several figures in the list show how safely the water is stored below; how slowly,
but surely, the supply recovers when drawn upon. These measurements were taken on the
6th of June, after a long season of drought. Dr. J. M. Coates, Superintendent of Jails,
has kindly given me a statement of the rain-falls for the preceding months :—January, 026 ;
February, 0:97 ; March, 0'64; April, 000; May, 1'54; up to 5th June, 069. The scarcity
was much felt, but it was not an extreme case. I am told that worse seasoms have been
experienced, still there were 13 and 20 feet of water in wells Nos. 2 and 3 at a depth from
the surface of 26 and 27 feet. In other cases, as Nos. § and 14, a fair daily supply was
renewed nightly. The stratum of clay can be but very slightly permeable to water, and
can contribute little; all the evidence goes to show that the water is | d in the disinte-
grated upper portions of the under-lying gneiss. The depth to which this decomposition
takes mﬁlace is variable according to the variety of the rock in different spots ; but it is
generally very considerable, and in every case I would take that as the depth to which a well
may be sunk with advantage. The moderate permeability of this rotten rock, as shown by
the facts just quoted, suggests an alternative to the deep sinking which has been recom-
mended ‘as the best safeguard against scarcity : it would seem that wells may be sunk within
80 to 100 yards of eacg other without seriously affecting the daily supply in each within
the limits of ordinary demand.

7. In connection with the question here discussed, I would bring to notice an allied
one of equal importance. In the 13 days following the 6th June there fell 14'43" of rain,
and all the wells were filled to within a foot of, or were quite up to, the surface. This is
their condition for months throughout the rainy season, after which they slowly subside to
their minimum at the end of the ensuing hot season. Such a state of things will seem
strange after what has been said of the configuration of the ground, that the surface drainage
is ample in every direction; and that at no great distance the rocks outcrop in valleys much
below the general level of the country, unless from artificial causes there is no surface
lodgement of water. It may seem stranger that it should be allowed to remain so. I have
lately heard doubts expressed as to the reputed healthiness of Hazareebaugh. Without in
the least wishing to endorse such an opinion, against which there is much presumptive
evidence, I may remark that, according to received notions, it seems like neglecting a means
of improved healthiness to allow the water to be so near the surface. It may be said, and
I am not prepared to deny the assertion, that so long as the water is even a few inches under

ound, it is innocuous; that it is only when allowed to stagnate on the surface that it
mes injurious ; if it be so, most of the ground would require no treatment. but there
would remain much to be done. When I passed through Hazareebaugh in the middle of
November 1866, after we had many days of hot sunny weather, I noticed soft sludgy ground
in many places, even within a short stone’s-throw of the barracks. At half-way down the
slopes of the shallow hollows the water does ooze out, creating this boggy ground, so long
as the general water level remains above the level of the channel. Surely this would come
within the limits of the conditions to which the autumnal unhealthiness is attributed all
over India. But here, not as in the cities of the plains, the remedy is easy; the most
complete facilities exist for drainage of any required degree. Of drainage, such as is usuall
understood in India, Hazareebagh has had its fair share: the natural water channe
and the cuts along the roadside, or elsewhere, are kept clear, but in such a sub-soil as that
here the effect of this is imperceptible. Drainage to be effectual should be such “ thorough
drainage” a8 a farmer would apply to similar land in Scotland, if he wanted to bring it
under tillage.

8. The Civil Station adjoins Cantonments immediatﬁ on the north-west, the ground
being apparently slightly higher. Here, about the Zillah Jail, and in the grounds of the
house occupied by the Superintendent of Jails, I saw some sections in unlined wells somewhat
different from what would seem to be the rule in Cantonments, in so far as that the clay,
which is of precisely the same character as elsewhere, is much less thick, not more than 6 to
10 feet. The rock does not ap at the surface. Even here I could not satisfy myself
upon the mode of origin of the clay; there seems to be generally at the base a foot or so,
in which coarse quartz debris is abundant and irregularly scattered. Here, however, it is
certain that the water-yielding rock is the porous rotten gneiss, in which the wells are dug
without any difficulty. It is often so loose as to crumble away and fall in.

9. We may now come to the main object of our investigation. The European Peni-
tentiary stands about three-fourths of a mile to north-north-east of Cantonments, and
separated from them by a broad valley, some 40 feet deep, passing up to westwards, in which
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direction the ridges are confluemt. The site for the Central Jail is some few score yards be-

d the Penitentiary, on another minor branch of the same system of ridges. In both
{:ﬁﬁu rock crope out freely in many places, and it might have been anticipated from the
beginning that the well question would assume a very different aspect from that of any case
within local experience. It were useless to moralise upon so common an occurrence as want
of foresight, or to indicate its source in this particular instance.

10. In the Penitentiary well there is no clay at top. After about 3 feet of coarse
quartz gravel, mixed with red sandy earth, they come upon a run of largely crystallized
granite (pegmatite) very irregularly associated with hornblendic gneiss. At first this mass
was not diffienlt to be cut, although not nearly so soft as the rotten rock already spoken of, but it
rapidly became havder, and atuaiont 20 feet blasting had to be resorted to. All effects of
decomposition from surface atmospheric influence having ceased, the stone showed its true
characters of intense bardness and complete impermeability. The arrangement of the
bedding, if, indeed, it be true bedding, in this short shaft is exceedingly irregular, at one
:Kt apparently dipping to the north, and at another to the west. In the bard rock at base

Te are some wmked joint ‘planes showing large flat surfaces nearly vertical, but these
Jjoints do not seem to be avsilable for the percolation of water; the few leakages that occur
are from points in the indefinite cracks that traverse the stone discontinuously without any
system, and generally where there is & film or layer of partially disintegrated rock. Near

e base of the shaft another vein of granite like that at top, but thinmer, traverses the
gueiss irregularly at a low av angle, but here it is firmly united with the containing
rock, the same even surface of fracture passing indiscriminately through both. I waited for
several days to have this well emptied, but the water was still knee-deep at my last examina-
tion. I do not consider that I have lost any evidence of importance.

11. From -the acoounts I have received, there would seem to be some pr of
immediate suocess. I am informed by Pr. Coates that a few days before the work at
the end of the hot season, he made a rough measurement of the leakage water, and found
it to be about 40 gallons per hour, nearly 1,000 per day. I confess that this surprises me
mueh : :the excavation then was at about the level the water stood at when I saw it and
the leakage did not .seem to me n:x thingeelike so much, although the time of year was so
much more favorable, and the well bad just been emptied by double g:ngs of men workin,
day and night. Bubsequent to that measurement, the last few blasts put into the roc|
disclosed one or more layers much softer than any met with for some yards above, and from
which water flowed in much greater abundance than from any of the higher points. Unfor-
tanately the rains put.a stop to the work before this ground could be fully proved. The only
olym toms I couh{ deteet of these sources was that, in walking about through the water,
‘I felt at two or three spots a very appreciable warmth under my feet. The first thing to be
done. now is fully to test this ground. Five or 6 feet mcre of cutting ought to prove what
it is worth. But a large margin ought to be left above any measurement made now for the
diminution that may be expected in the dry season.

12. There can, of course, be no doubt of ultimate success : accumulated drippings will
at last yield the required supply. But this must remain matter of experiraent. No one
but a diviner would venture to predict at what point success would be attained in rocks like
these. There is, however, an evident choice as to the direction in which these contributions are
to be sought. That word “s rinﬁ" has a great deal to answer for : most men seem to think
that water comes from the bowels of the earth, whereas in 99 out of 100 apparent cases
the source is from above. The only available, and the only known, source of water here is
the one already pointed out, the porous mass of disintegrated rock at the out-crop under
the day. This being the case, I would decidedly recommend, in the event of the next few
foet in depth not ’chi the required supply, that the vertical shaft.be changed for a nearly
horizontal drift. The chances are almost all in favor of this plan, and there is here the
ultimate certainty of tapping the source itself in the most. effectual manner from below.
In the vertical shaft. there is no doubt the chance of contributions from every side, while in
the drift we must select the most likely direction, but I am in favor of this attempt. There
are two elements for consideration, the strueture of the rocks, and the lie of the surface.
From what has been seen of the rocks in the Penitentiary well, there is little or no room
for choice ; they have no definite arrangement. The most frequent run of the rocks in this
neighbourhood .is- about north-north-west, and so the most likely line to cut them would be
at .tight angles: to that direction. The .primd facie view of the second condition would

C
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Tasup 1L
Table of measurements in the retw Jail Wells.

Depth of Depth of Water | Depth of Water
ell, on 18th June. |on 10th October.

feet. feet. inches. feet. inches.
A. Police Well .. 30 28 0 23 (]
B. Peoitentiary, 1'9" below A, ... e o 66 3 [} 43 6

C. Central Jail, 4'—¢" ,, ,, o e % 31 [} 81 0

MzreoRITES.—To the collection of Meteorites in the Geological Museum, there have
been two valuable additions during the past three months. One of these, a specimen of
the very interesting fall which occurred on the 11th July 1868, at Ornars (Doubs), in France,
has been presented by M. Jules Marcou, Paris, It is a remarkable stone of a dark-grey
colour, oolitic or sub-colitic in texture, very friable, so as even to crumble under the action of
the fingers. Iron is present in extremely small particles. It is very slightly magnetic.
In fact, the fall represents a state intermediate between the ferruginous and the non-ferru-

inous falls, sp. gr. 3699 (in fragments). It yielded to Pisani by analysis no less than
6°10 per cent. of Peridot. To the kindness of my good friend M. Marcou I am indebted
for this interesting specimen. .

The second fall occurred in India, near Mooltan, on the 17th October. The fall took
place at a spot about 12 miles east of Lodran. * About 2 p. M. a loud report was heard
“in the ‘sky to the westward, and immediately a cloud of dust rose from the ground. On
“ going to the spot the mrolite was found. The sky was quite clear at the time.” This is
the account given by Captain Bond, District Superintendent of Police.

A portion only of the mass was obtained and forwarded. It is a very beautiful stone,
consisting of a large proportion of bright yellowish green olivine, the crystals of which are
imbedded in a kind of crystalline net-work of brilliant iron. The stone is at present being
analyzed, and the result will be given hereafter—T. O.

ACCESSIONS TO LIBRARY.

FroM 1st OcroBER 1868 TO 31sT DECEMBER 1868.
Titles of Books. Donors.

BENEDEN, VAN AND GERVAIS, PAUL.—Ostéographie des Cétacés vivants et fossiles, comprenant
la description et 'iconographie du squelette et du systéme dentaire de
ces animaux ainsi que des documents relatifs & leur histoire naturelle,
Liv. 1. and Atlas, 4to. and Fol., Paris, 1868.

Biassy, J. J.—Thesaurus Siluricus, The flora and fauna of the Silurian period, 4to.,
London, 1868.

CranteE, E.—E'tudes paléo-ethnologiques ou recherches Geologico-archéologiques sur
Yindustrie et les meours de 'homme des temps anté-historiques dans
le m7>rd du Dauphiné et les environs de Lyon, 4to., Paris and Lyon,
1867.

Coxezes international d’anthropologie et d’archeologie préhistoriques, Liv. 1, 8vo., Paris, 1868.

D'Avzon, Dz. K., uxp BusuristER, DB. H.—Der fossile gavial von Boll in Wurttemberg
mit bezugnahme auf die lebenden Krokodilinen nach seiner gesamnten
organisation Zoologish geschildert, Fol., Halle, 1854

Ewrror, Sie H.—History of India, Vol. 1, 8vo., London, 1868.

‘GovERNMENT oF Lnpia.
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Titles of Books. Donors.

EzpMaxn, A.—Exposé ;lg liom;aﬁom Quaternaires de la Suéde, Text and Atlas, 8vo. and
. 1867, :
DiIRECTEUR-IN-CHEF DE LA RECHERCHR GEOLOGIQUE DE LA SUEDE.

Forix, L. pe.—Les Méledgrinicoles, espdces nouvelles, 8vo., Havre, 1867.

Hgzgg, Dr. O.—Flora fossilis arctica. Die fossile flora der polarliinder, 4to., Zurich, 1868.
LagTet, E., and CHR1sTY, H.—Reliquiee Aquitanics, Pt. VI, 4to., 1868,

LinpenscEMIDT, DB. L.—Die Alterthiimer unserer heidnischen Vorzeit, Bd. II, Hf., 8, 9,

4to, Mainz, 1868.
Marcov, Jurxs.—Notice sur les cartes geologiques de Victoria (Australie) et des iles Britan-
niques, 8vo., Paris, 1868. THE AUTHOR.

Mavze, CrarLes.—Catalogue systématique et desc:Ktif des fossiles des terrains tertiares
qui se trouvent au musée fédéral de Zurich, III, 8vo., Zurich, 1868.

PatapiLae, M.—Nouvelles Miscellanées malacologiques, Fasc. III, 8vo., Paris, 1868.
Prerrrer, De. L.—Monographia heliceoram viventium, Vol. 'V, 8vo., Lipsise, 1868.

Prcrrr, F. J.—Matériaux pour la paléontologie Suisse, ou recueil de Mon hies sur les
fm‘:ﬁs du jll)I‘rL et des Alpes, Ser. V, 1, 4to., Genéve,olgggg.

Picter, F. J.—Melanges paléontologiques, Liv. 4, 4to., Genéve, 1868.

ReiNwaLp, W. C.—Catalogue annuel de la Librairie Francaise, 8vo., Paris, 1868.

SuirH, R. Beover.—Mineral Btatistics of Victoria for the year 1867, Fol. Melbourne, 1868.
OFFICE OF MINES, ViCTORIA.

Veewzom, E oz, xr LorieRz, G. pE,~Description des foesiles du néocomien supérieur de
Utrillas et ses environs (province de Teruel), 4to., Paris, 1868.

Wesexy, De. M.—Mineralogische Studien, Theil. I, 4to., Breslau, 1868.
Ziaxo, Bar. A. pE,—Flora fossilis formationis Oolithics, Pt. V, Fol., Padova, 1868.

PERIODICALS.

American Journsl of Science and Arts, Vol. XLV, No. 138, 8vo., New Haven, 1868,
Anaales des Mines, Ser. VI, Tom. XI1I, Liv. 2, 8vo., Paris, 1868.
L’ApMINISTRATION DES MINES.
Annals and Magarine of Natural History, 4th 8er., Vol. IT, Nos. 9, 10, 11, 8vo., Lond., 1868.
Archiv fiir Naturgeschichte, 32nd year, Vol. II, 8vo., Berlin, 1866.
Engineet’s Journal, New 8er., Vol. XI, Nos. 10, 11, 4to., Calcutta, 1868.
Geological Magazine, London, Vol. V, Nos. 9, 10, 11, 8vo., Lond., 1868.
Journal de Conchyliologie, 8rd Ser., Tom. VIII, No. 4, 8vo., Paris, 1868.
Journal of Travel and Natural History, edited by A. Murray, Esaq., Vol I, No. 5, 8vo.,
Lond., 1868.
Neuss Jahrbuch fiir mineralogie, geologie und palwontelogie, Hf. 5, 6, of 1868, 8vo.,
Stuttgart, 1868.
Novitates Conchologice, Abth. I, Lief. 81,83, and Suppl. IIT, Lief. 19, 13, 4t0., Cassel, 1868.
Palwontographica, XVI, 6, XVIII, 1, 2, 3, 4to., Cassel, 1868.
Petermann, Dr. A. Geo&iﬁﬁl;‘&sl.ﬁxttheﬂungen. 7, 8, 9, 10, of 1868 and Suppl. 24, 4to.,

Professional Papers on Indian Engineering, Vol V, No. 21, 8vp., Roorkee, 1868.
Masor J. G. MeDLEY, R. E,
Quarterly Journal of Microscopical Science, New Series, No. XXXII, 8vo., London, 1868.
Quarterly Journal of Science, No. XX, 8vo., London, 1868.
Recards of the Geological Burvey of India, Vol. I, No. 3, 8vo., Calcutta, 1868.
GxzoLoercat Bugvey oF INDIA.
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.Titles"of Books. Donors.

Revue universelle des Mines, de la métallurgie, des traveaux publics, des seiences et des arts
sppliqués » Vindustrie, Tom. XXII, ot XXIV, Liv. 3, 4 Rogal 8vo.

GOVERNMENT SELECTIONS, &C.

Bexcat.—Annual report on the administration of the Bengal Presidency for 1867-68.
GOVERNMENT OF BENGAL.
» Report of the Meteorological Reporter to the Government of Bengal for the

year 1867-68, with a meteorological abstract for the year 1867.
GOVERNMENT OF BENGAL.
“BoMBAY.—Report on past famines in the Bombay Presidency, compiled by Lieut. Col.
A. T. Etheridge. GOVERNMENT OF BoMBay.
» Selections from the records of the Bombay Government, New Ser., No. CVIIIL.
Pa{ﬂers relating to the introduction of settlement rates into fifty-three
villages of Kukkur Talooka of the Shikarpoor collectorate in the
province of Sindh. GoVERNMENT OF BoMmpay.
Brrrsg Buema.—Annual report on the administration of the province of British Burma
for 1867-68, by Col. A. Fytche.  Cm1Er Souun., BriTisH BurMa.
» Civil justice report, 1867. Extract from the Proceedings of the Chief
Commissioner, British Burma, in the Home Department, No. 85.
Crigr CoMME., BriTisH BurMa.
» Education report of British Burma, 1867-68, by P. Hordern, Esq. Ex-

tract from Proceedings in Home Degartment, No. 277 A.

. Cuigr CoMMR., BRITIsSH BURMA.

Report on the trade and customs of British Burma for 1867-68.

” D
ITTO,

» . Extract from the Prooeedinﬁ)s of the Chief Commissioner in the Home Department,
No. 241. Public health and births and deaths, 1867-68.
Drrro.

CEXTRAL PROVINCES.— rt on the adminlistration of the Central Provinces for the year
: 1867-68, by J. H. Morris, Esq. GovT., CENTRAL PROVINCES.

Inpia.—Adam’s reports on vernacular education in Bengal and Behar, edited by Revd.
J. Long. Govr. oF INDIA.

,  Report on the administration of the H drabad Assigned Districts for the year

1867-68, by C. B. Sanders, lg.sq Govr. oF INDIA.

» Selections from the records of the Government of India, Home Department.
No. LXIV. Reports on the coal resources and production of India.

Govr. or INDIA.

“» Statistical committee forms, to accompany the annual report of the province of

Oudh Govr. or INDIA.

» Geographical and statistical report of district Mohamed Khan's Tanda, of the

Hyderabad collectorate, province of 8ind by Capt. D. Macdonald.
SURVEYOR (GENEBAL.

MapRas.—Selections from the records of the Madras Government, No. IX. Report on
vaccination throughout the presidency and provinces of Madras in
the year 1867. GovT. oF MapRas.

Mysore.—Report on public instruction in Mysore for the year 1867-68.
CHier CoMMr. MYSORE.

» Miysore statistical returns, 1867-68. Dirro.
” Report on the administration of Mysore for the year 1867-68. Drrro.
” Report on the revenue administration of Mysore for the year 1866-67. Dirro.
” Annual report on the administration of Coorg for 1867-68. Dirro.

Report on public instruction in Coorg for 1867-68. Dirro.

i
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TNiles of Books. Donors,

N. W. Pnovmcm.—Beport on the administration of the North-Western Provinces for
Govr. or N. W. ProviNces.

v B&port on past famines in the North-Western Provinces, by C. E. R.
irdlestone. Govr. oF N. W. Provinces.

» Selections from the records of Government, North-Western Provinces,

2nd Ser., Vol. I, No. 2. Govr. or N. W. Provinces.

PunsaB.—Annual report on the meteorological observations registered in the Punjab, by
A. Neil. GovTt. oF PuNnias.

» Hand-book of the economic products of the Punjab, with a combined index and
lossary of technical vernacular words, Vol. I. Economic raw pro-
uce, by B. H. Powell. Govr. oF Punias.

” Report of the Inspector General of Dispensaries in the Punjab for the year 1867.
Govr. oF PuNJas.
Puxsan.—Report on the administration of criminal justice in the Punjab and its depend-
encies during the year 1867. Govr. oF FuNJas.

" Report on the sanitary administration of the Punjab for 1867.
Govr. oF Puxnsas.

TRANSACTIONS OF SOCIETIES, &C.
BerN.—Jahrbuch des Schweizer Alpen-club. Jahr. IV, with 5§ maps, 8vo., Bern, 1868.
BerLIN.— Zeitschrift der Deutschen Geologischen Gesellschaft, Bd. XX, Hf. 2, 8vo., Berlin,
1868. GERMAN GEoL. Socxm
BosTtoN.—Memoirs read before the Boston Society of Natural History; being a new series
of the Boston Journal of Natural History, Vol. I Pt.nﬁl 4to., Bos-
ton, 1868.
CaLcUTTA -—Jonrnal of the Asiatic Society of Bengal, Pt. I, No. 2, 8vo., Calcutta,
1868. Pt. II No. 4, Tnx Sociery.
" Proceedings of the Asiatic Society of Bengal, Nos. 9, 10, 11, 12, 8vo.,
Calcutta, 1868. Tas Socrery.
CaLirorNIA.—Geological Survey of California, Palmontology, Vol. IT, Sec. I, Pt. I. T rtiary
ALIEO g Invertebrate Fossils, Plates, Roy. 8vo., California. °
DerspeN.—Sitzungsberichte der naturwissenschaftlichen Gesellscha.ﬁ., Isis, in Dresden,
Jahr., 1868, Nos. 4—6, 8vo., Dresden, 1868. Tag SociETY.
" Verhandlungen der Kaiserlichen Leopoldino-Carolinischen dentachen Akademie
der Naturforscher, Vol. XXX1V, 4to., Dresden, 1868.
TrE AcaDEMY.
DusLIN.—The Journal of the Royal Dublin Society, No. 37, 8vo., Dublin, 1868.
THE SocieTY.
Ko6N168BERG.—Schriften der Koniglichen alhbsch-Okonomxscben Gesellschaft zu Kén-
igsberg, Vol. VIII, Abth. I, II, 4to., Kénigsberg, 1867.
Lavsanye.—Bulletin de la Société Vaudoise des sciences naturelles, Vol. IX, No. 59, 8vo.,
Lausanne, 1866-68. Tre SocizTy.
LoNpoN.—List of the Fellows of the Royal Society, 80th November 1867. Ta= SociETY.
” Philosophical Transactions of the ;al Bociety of London for 1867, Vol. 157,
Pt. II, 4to., London, 186 THE SoCIETY.

» Proceedings of the al Socletgs Yol. XVI, No 104, 8vo., London, 1868,
and Vol. XVII, No. 1 Tag SocIery.

” Journal of the Society of Arts and of the Institutions in Union, Vol. XVI,

Nos. 820—29, 8vo., London, 1868. Tax Socxm
Journal of the Royal Geographical Society, Vol. XXXVII, mth maps, 8vo.
” London, 1807, v ax Bocery,

-
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T%tles of Books. Donors.
Lonm—-Prooeedmgs of tbeRayalGeogruphwdSomoty Vol. XTI, No. B, 8vo., London,
THE SOCIETY.

» Prooceodings of the Royal Institution of Great Britain, Vol. V, Pts. III, IV, and
List of the Members, Officers, and Professors, 8vo London, 1868.
Tnn INSTITUTION.

» Quarterly Journal of the Geological Society, Vol. XXIV, Pt III, No. 95, 8vo.,

. London, 1868. Tnn Sociery.
Moscow.—Bulletin de 1a Société impériale des naturalistes de Moscou, Tom. XL, Nos. 3, 4,
8vo., Moscow, 1867. Tm! SocieTy.

Pazis.—Bulletin de la Société Géologlqne de France, 2nd Beries, Tom. XXV, Nos. 2, 3, 8vo.,
Paris, 1867-68. THE SOCIETY.
PHILADELPHIA.~Journal of the Franklin Institute, Vol. LIV, No. 1, and Vol. LV, No. 6,
Vol. LVI, Nos. 1, 2, 3, 8vo., Phil,, 1867-68. THE INSTITUTE.

Sr Lovs—Transactions of the Academy of Sciences of St. Louis, Vol. II, No. 8, with
plates illustrating papers, 8vo., St. Louis, 1868.
81. PeTERSBURG.—Bulletin de 1'Academie impériale des sciences de 8t. Petersburg, Tom.
XIII, Nos. 1, 2, 4to., St. Petersburg, 1868.
WiEN.—Denkschriften der Kaiserlichen Akademie der Wissenschaften, Mathematischen
Naturw. Classe.,, Bd. XX VII, 4to., Wien, 1868.
THE ACADEMY, VIENNA.
»  Sitzungsberichte der Kaiserlichen Academie der Wissenschaften, Bd. LVI, Abth. I,

7—10, and Abth. II, 8—10, 8vo., Wien, 1867.
THR ACADEMY, VIENNA.

Map.

'Floetz Katte des Niederrheinisch Westfalischen-Steinkohlenbeckens (Sectlons Herdecke, Lan
gendreen, Herzkamp,) Fol., Berlin, 1868.



The Records of the Geological Survey of India will be 'issue'd at intervals of about three .

months and forwarded to subscribers—
8. d. s a.

Subscription for the year .. we 4 Oor2 0
Price of each Number . 2 00rl 0
Postage, if for India, 4 annas additional.

” Great Britain, 8 annas, or ls. per anpum.

ADDRESS— ,
Superintendent of Geological Survey of India,

Hastings Street,
.CALCUTTA.

. Notice. 3 '

A number of the ‘Records’ will be issued in the months of February, May, August,
and November in each year. The first number, which was ready for issue on the 1st of
May of the present year, was unavoidably detained until late in June. The present number,
therefore, appears before three months have elapsed. It is, however, hoped that in future the
regularity of the issue can be maintained. Each number will contain the additions to
Library and * Donations to Museum’ up to the close of the next preceding month, that is,
to the end of March, June, September, and December.

Vol. I.—Containing three numbers (being issue for 1868), pp. 76, may be had, stitched
in paper cover, price 1 Re. 8 As.



MEMOIRS o

OF THE

GEOLOGICAL SURVEY OF INDIA,

Vor. 1. Roy. 8vo., pp. 309, Plates, Maps, &c., cloth lettered. Price 7 Rs. 8 As.

Contents. On the Coal and Iron of Cuttack.—Structure and Relations of the Talcheer Coal-
field. —Gold deposits in UppEr Assam.—Gold and Gold-dust from SHUE
GwEEN.—Geology of the Khasi Hills.—The Nilghiri Hills.—Geology of --
Bancoorah, Midnapore, and Orissa.—Laterite of Orissa.—1'0ssil Teeth of
CERATODUS. .

Vor. II. Roy. 8vo., pp. 341, Plates, large Geological Maps, &c., cloth lettered. Price
. 10 Rs.

Contents. Report on the Vindhyan Rocks and their Associates in BUNDELEUND.—Geologi-
cal Structure-of the Central Portion of the Nerbudda District.—Tertiary
and Alluvial deposits .of the Nerbudda Valley.—Geological relations and
Kobable Geological age of the several groups of rocks-in Central India and

engal.
Vou. III. Roy. 8vo., pp. 338, large Maps, Plates, &c., cloth lettered. Price 9 Rs.
Contents. Report on the Ranigunj Coal-field.—Additional remarks on the Geological age
of Indian rock-systems.—On the Sub-Himalayan ranges.

Vor. IV. Roy. 8vo., pp. 450, large Map, Plates, &c., cloth lettered. Price 8 Rs.

Contents. Report on the Cretaceous Rocks of Trichinopoly District, Madras,—On the
Structure of the Districts of Trichinopoly, Salem, &c.~On the Coal of
Agsam, &c. N -

Vol. V. Roy. 8vo., pp. 354; Maps, Plates, &c., clotlplettered. Price 9 Rs. :

Cuntents. Sections across N. W. Himalaya, from Putlej to Indus.—On the Gypsum of
Spiti.—On the Geology of Bombay.—On the Jherria Coal-field. —Geological
Observations on Western Tibet.

Vol. VI, Pt. 1. Branrorp. On the ncighbourhO(’zd of Lynyan, &ec., in SIND.—~BLANFORD.
On the Geology of a portion of O®TcH.—Price 1 Re. 8 As.

Pt. 2. HucHEs. On the Bokaro Coahfield. Barr. On the urh Coal-
field. Bimroxn. ~On the traps of Western nd Central India. Price
2 Rs. 8 As. .

Pt. 8. Branrorp. Taptee and Nerbudda valleys.—Wyxn~NE. Frog beds in Boim-
*bay.—SToLICZKA. O.xyglossus pusillus.—Price 5 Rs.

PALZEONTOLOGIA INDICA,

Being figures and descriptions of the Organic remains obtained during the progress of
the Geological Survey of India. These are published in Fasciculi, each containjng six litho-
graphed Plates, Roy. 4to., with descriptions, or a correspondingly larger amount cf letter
press. A Fasciculus is issued every three months, or on the 1st January, April, July and
October, in each year. Price 2 Rs. The following have already appeared :—

Ser. I. The Fossil Cephalopoda of the Cretaceous Rocks of Southern India (Belemnitide-
Nautilidze), 25 Plates, with letter-press. Price 7 Rs. 8 As. (15s.).

Ser. II. The Fossil Flora of the Rijmahal Series. Six Fasciculi have been published.

Sgg. III. The Fossil Cephbalopoda of the Cretaceous Rocks of Southern' India (Ammoni-
tide). Thirteen parts, containing 71 Plates, Index, &c. 2 Rs. each part.

Ser. I & III, or the complete Series of the Cephalopods, may be had bound to-
gether. Price 31 Rs. 8 As. (£3-3s). .

Ser. 1V, 1. The vertebrate fossils from the Panchet.Rocks, by Prof. T. H., Huxley. Price
2 Rs. )

SER. V, 1—10. The Gastropoda of the cretaceous Rocks of Southern India, complete, half
bound, lettered, pp. xiii, 500, 28 plates. Price 20 Rs. (£2).
Only a limited number of copies are printed.

To be had at Geological Survey Office, 1, Hastings Street; at Office of Superinteudent
of Government Printing, Calcutta; or through any Bookscller.



" RBCORDS

4

/ OF THE

© GEOLOCICAL SURVEY OF INDIA.

Y, VOL. II, Part 2,

1869.



I's
CONTENTS. : .
Page.
- ANNUAL REPORT OF THE GEOLOGICAL SURVEY OF INDIA AND OF THE MusEUx ’
OF GEoLoeY, CALCUTT4, YoB 1868 .. .. . 25

NoTe oN PANGSHUBA TECTA, AND TWO OTHER SPECIES oF CHELONIA, by Ferp. ©
STOLICZEA, PH.D. ..,

) Y e see voe YRR 36

SEETCH OF THE METAMORPHIC ROCKS OF BENeAL, by H. B. Mn:ncom

[ )
A. B, F.G. 8. e e o 40
Accessions to Library v o N " e 46
N N
[} \’ N . N » N -
Y .- - " .
- -~
v -~
-
e * )
. \
Al O‘ N . .
3
.
’ &
.



RECORDS

OF THE |,

"GEOLOGICAL SURVEY OF INDIA.

Part 3.] 1869. [May.

ANNUAL REPORT OF THE GEOLOGICAL SURVEY OF INDIA AND oF THE MUSEUM OF
GE0L0GY, CALCUTTA, FOR THE YEAR 1868.

In reporting the pro, and doings of the Geological Survey of India during the year
1868, I sgz.ll nt,gke eaI(’:h Era.nch of our labors in the same order as I have for the most {)art
observed on former occasions. .

Mr. W. T. Blanford has, during the whole of the year just past, been engaged with the
Abyssinian Field-force, and since its return in arranging and examining the large collections
he made during the expedition. Mr. Ormsby was compelled to leave for Europe early in -
the year, having suffered from exposure to the tropical sun. And Mr. Charles Oldham left
on furlough in November. On the other band, Mr. Tween returned to his duty in charge of
the Museum here. Mr. Foote resumed his labors in Madras, and Mr. Theobald in Burmah.
On the whole our numbers have been, during the past year, less reduced than usual in con-
sequence of ill-health.

At the commencement of the year, I proceeded to the Madras Presidency to make
enquiry on the spot into the facts regarding the asserted occurrence of coal close to the town
of Juggiapett, or Battavole, near the Kistna River. For years it had been persistently
repeated that coal had actually been raised in that neighbourhood, and this statement was
maintained notwithstanding the fact that very many persons, deeply interested in the result
and most anxious to confirm the discovery if possible, had visited the localities, but had
entirely failed to find any trace of evidence that coal existed or was likely to exist. Its
occurrence in this place would have been of such high importance, that I was desirous of
visiting the place as soon as practicable; I had also received from the Madras Government
an urgent rg ‘o enquire into the facts. This request had reached me at a time when
field-work was not practicable, but I had promised to go there as sgon as possible. I left
Calcutta, therefore, early in January ; and accompanied by the original propounder of the dis-
covery, 1 visited carefully every loeality which he indicated, and went generally over the
district. T regret to state that I found no trace of the coal-bearing rocks; no signs of coal,
or of any of its usual accompaniments, nor was I able to see a single spot where anything,
in the slightest degree leading to the conclusion that coal did exist there, could be foung.
On the contrary, all these rocks are an unbroken and uninterrupted continuation of similar
rocks which cover an enormous area in the districts of Kurnool, Kuddapah, and Guntoor
to the south, and, which, thoroughly exposed as they are in their many folds, contortions, and
disturbances throughout this area, must have exhibited any beds of coal or ceal-shale which
possibly existed.  But, neither in the Juggiapett country, nor over the many hundred square
miles to the south, over which similar rocks extend and which have all been carefully examined,
has any trace of such deposits been noticed. I was, therefore, compelled to believe that the
statement of coal having been found at or near Juggiapett was either based upon an inten-
tional deception practised on the original observer, or was a delusion.

From the vicinity of Juggiapett, I proceeded southward, devoting some time to care-

fully testing the accuracy of the geological mapping of a considerable arca which had been
previously examined by Mr. C. Oldham and Mr. King, and returned to Cnleutta.
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+ year (December), I proceeded to Attok to examine the rocks

h which a tunnel drift had been carried, with a view to determine

this drift into a regular roadway. I had wished to accomplish

, but as the tunnel was full of water, and was not pumped out

'd to defer it. Having already reported in some detail on this

- into the facts, further than to state, there appeared nothing

the composition of the rock-masses to prevent the immediate

enlargement of the drift with perfect safety, provided proper precautions were adopted, and

the work were done at once. But that these precautions would render the cost of tl?e tunnel,

when completed, quite as great as that of a first class bridge, and that even then the accom-
modation to the traffic would certainly not be as great as that afforded by a bridge.

Subsequently, at the request of the Government of the Punjab, I examined with some
care the of hills near Futtyjung, extending southward from Cheerat, and in which
petroleum had been obtained. I saw everything to lead to the conclusion that petroleum
would be found over a large area in these orbitolite limestone rocks, although probably not
in any very great quantities in one place. The best position for trials seemed fairly indicated,
and these I noted. The probability would seem to be that limited reservoirs of this eil will
be found at no great depth from the surface, although I am not very sanguine that they will
prove very extensive in any one locality. Similar rocks occur again in a rudely parallel range
to the east, and here also traces of earth-oil are seen; and it would appear very probable that
supplies will be found extending over a large area in this part of the Punjab.

An examination of the Dhurmsala district, and also of the Goorgaon district near
Delhi, was requested, with a view to determine the extent of deposits of kaolin said to occur in
each. Looking, however, to the inaccessibility of both and their distance from any markets,
which must prevent the economizing of this clay to any large extent; and also to the fact
that, so far as any local demand existed, it was of no Importance to determine at the
{:resent the extent of these deposits, their existence being known, I felt compelled to think
his enquiry was of vastly less importance than others. And that, so far as any question
of extent or amount of such deposits was concerned, a very much more satisfactory answer
could be given after the whole districts had been gone over than after a rapid visit to one
or two isolated localities. No mistake can be greater than to imagine that a geologist can,
by a sort of intuition, arrive at a knowledge of facts bearing on such questions. This can
only be acquired by a continuous and detailed investigation necessarily demanding time.

Benean AND Upper ProvINCES.—During the early part of the year just closed,
Mr. Medlicott was engaged in the investigation of the western and southern flanks of the
Garo Hills. So long since as 1842, Mr. Bedford, who had surveyed parts of this area,
announced the occurrence of coal in the hills bordering the Bramahpootra River at the
western extremity of the Garo Hills, near to a village called Harigaon, and other outcro
had been noticed further to the east in the Sumesurri River. The peculiarly favorable
situation of these places, within easy reach of a great river, and in districts where fuel was
otherwise not readily procurable, rendered it of high importance that the facts should be
ascertained. It was a.Fso known that the rocks which accompany coal in the Khasia Hills
extended to the west, and there was, therefore, a probability that the coal might also be
found to extend in the same direction. It had long been ho that a topographical
survey of these hills would afford the means of recording carefully the geological observa-
tions, but as there appeared little likelihood of these hopes being realized within any reason-
able time, and as meanwhile the question of the eastern and northern extension of the
Eastern Bengal Railway was urgent, it was determined to examine the area, in such a general
way as might be sufficient, without entering into minute detail, to solve the question satis-
factoril;mog the probable amount and character of the coal which occurred there. Mr. Medli-
cott’s report on the results of his examination having been published (Records of the Geolo-

ical Survey of India, Part '1,1868, p. 11), it is unnecessary to enter into any detail here.
'gt will be sufficient to state that he has shown that the spurious coal of the Garo Hills is
geologically distinct from most of that known in the £hasia Hills; that, in all cases, this
coal occurs near to the base of the whole stratified series within a few yards of the underlying
crystalline rocks; while the coal itself is very poor, in one place mainly a resinous shale, in
another, a thick bed of dark stiff clay with insignificant strings of lignite throngh it.
Where in greatest quantity, it is described as a thick band of shale in the midst of which
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occurs the coal-seam: it is a ﬁood deal crushed, altogether about three fe
unequally carbonaceous, being locally split by strings of clay and sand;
ﬁewe%hin strings of coaly substance. The mass of what would be extracted :
resinous batt or shale, full of small nests and strings of a kind of amber;
sound when struck, is very tough, and breaks with a large conchoidal fractu
ous that whatever little use might be made of such deposits, if required
were practically of no value as a source of fuel for general purposes. It
to be regretted that the statements upon which expectations of coal had bee
have proved to be so fallacious.

Having completed the cursory examination of these rocks, Mr. Medlicott devoted some
time to a more careful examination of the Khasia Hills, for which portions of the topogra-
hical survey maps were ready. These very interesting hills had never before been visited
y any of the officers of the survey at a time when 1t was possible to examine the lower
[:ru of their steep slopes; and consequently, as pointed out long since, much remained to
done, before we could suppose that we possessed any true knowledge of their structure.
Further, the full determination of the cretaceous age of the sandstones, &c., under Cherra
Poonjee, (Quar. Jour. Geol. Soc. London, 1863, P 624, Oldham, on cretaceous rocks in
E. B)engal) which, in my own early description, in oonsequence of their apparent con-
tinuity and conformity, (the fossils collected having been lost at sea) had been grouped
with the tertiary roczs above, rendered it necessary to carry out this separation in detail.
Mr. Medlicott has been able to do much towards this, and in tracing out these rocks has been
led to several very valuable conclusions, a brief summary of which has already appeared in
the Records of the Survey. As soon as the tog:gmphic&l survey of these hills 18 completed,
1 hope to be able to have them examined in detail.

Later in the season, Mr. Medlicott having armaied for the several duties assigned to

the assistants under his clm'ﬁe, was uested to take up the very important geological
uestion of the extent and relations of the several series of sandstones, &c., associated in
ngal with the coal, as compared with those in Central India. With this object, making

a rapid traverse of the Ranigunj field, and passing westwardly by the Hazareebagh fields,
he has carried out the section across to Jubbulpore, and with very valuable results, which will -
tend much to a clearer understanding of the dilgerent groups or formations. In a new country,
where the general relations of the rocks is quite unknown, it becomes necessary for each
observer to form for himself a classification of the rocks he examines, grouping them
into series or formations, and often giving to these sub-divisions local names. But as the
examination of the country advances, it not unfrequently happens that such classification is
proved to be of purely local type, and it is essential either to increase the sub-divisions or
to bring sevemr ther into one larger group. Mr. Medlicott’s traverse of this wide extent
of country will go far, I believe, to remove, in several cases, the limited amount of confusion
which had unavoidably arisen from the fact that previously the officers of the survey had

been working at distant and isolated points.

Mr. Willson has completed the detailed examination of the district of Saugor in the
Central Provinces, which he has connected with those of Dumoh and Jubbulpur to the east.
Unfortunately the want of maps df the country lying to the west of Saugor district has
prevented the extension of our examinations in thatngirection, as I was very desirous of
doing, in order to join on the geological lines to those we have been for some time past
shemﬁly carrying southwards through the G waliorand Rajpootana territories. The district
of Saugor is mainly composed of trappean rocks, which are, in this parallel, the most northerly
portion of the Great Deccan area of tglese ancient voleanic rocks. cse rest upon Vindhyan
rocks for the greater portion of their boundary.

Mr. Mallet has, during the early part of the year, completed the examination of the crys-
talline rocks of Bundlecund—being a continuation of his work of the previous year—so
far as the area occupicd by these rocks is comprised on sheet 70 of the Indian Atlas. The
further explorations of this year have rather induced Mr. Mallet to abandon tho idea of
separating these rocks into two series as was suggested in 1866-67. The evidence, however,
is even yet scanty, and not conclusive. And it must remain for more careful investigation
when better maps, on a larger scale, of the Bijawur area become available. The maps, at
present procurable, are too iwperfect to admit of any close or searching exawivation and

récord.
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During the recess, Mr. Mallet completed a full report on the Vindhyan rocks, so far
as that widely spread formation is known in northern Inm up to the present. A general
map has been compiled to illustrate this. This report has been sent to press. At the com-
mencement of the working season in October 1868, Mr. Mallet proceeded to take up the
detailed examination of the eastern ﬁ:‘tof the Sone Valley, and is still engaged in that
area. I have already intimated to Mr. Mallet the necessity for greater activity in the field,
for looking both to the nature of the work done, and of the country in which he was
engaged I %elt disappointed that a larger area had not been satisfactorily examined.

Carrying on the geological examination of the Gwalior and adjoining territories,
Mr. Hackett was principally engaged near to the Byana hills bordering on Jeypur. The
geology of this area has proved intricate and interesting. The sections are unfortunately not
good, being cut up by intervening flats of alluvium which conceal the rocks. Rock masses
of a peculiar character have been found to intervene between the Vindhyan series, and
the metamorphic schists, which may approximately be taken to represent the Lower Vindhyan
and the Gwalior series. These are possibly the same rocks as those which stretch away
towards Ulwur, and if so, this will give a clue to the geology of the Aravali country.
The country around Byana is, as I have already said, rather intricate in structure, and
tedious therefore to work out, but I am not satisfied that a larger area might not have been
completed during the season. Towards the close of the year, Mr. Hackett resumed his labours
in the same or the adjoining country, but has been stopped by a want of maps. He has
since been engaged further to the south in tracing out the boundary of the Vindhyan and
trappean rocks to the east of the parallel of Neemuch, &ec.

Mr. Hughes in the early of the year was engaged in re-mapping the small coal-
fields which occur detached near Kuroun in the district of Beerbhoom, and in revising with
better maps, the Kurhurbaree coal-field. It has been difficult to obtain any very sat:i.;?actory
information ing this field, for the old pits which were some years since worked by the
East Indian Railway Company are now full of water, and there are few other workings in
operation. Any description, therefore, now given must be revised when the field is more opened
out. At the close of the year, Mr. Hughes was en%n‘z[ged in the examination of the Palamow
coal-field in Chota Nagpore. This might, Mr. Hughes thinks, be called in preference the
Daltongunj field. It proves very small in area, not more than about 30 square miles, and there
appear to be only two seams which can be worked, of which only one could at present be
profitably extracted. This varies considerably in thickness. At Raj ge ra, where it was formerly
worked by the Bengal Coal Company, it is eleven feet. It is of moderately good quality.
The rocks of the field belong entirely to the Talcheer and the Barakar groups. The
lithological character of the latter differs considerably from that of the typical rocks in the
Ranigunj field, being as it were intermediate between the Barakar and the Ranigunj groups.

Mr. Ball has been carrying on the geological examination of the districts of Singhbhum
and adjoining tributary states. He has been able to examine the copper-yielding rocks for
a distance of nearly 80 miles; has noted some additional details with reference to the mode
of occurrence of gold; and describes cases of excessive local metamorphism of the younger
rocks, reducing them to such a cri:ta.lline condition as to be entirely undistinguishable
lithologically from the old metamorphic rocks. Such cases are deserving of very careful
examination.

Mr. Ormsby had, in the early part of the year, examined a considerable area of the
metamorpll:lic rocks in Chota Nn‘.gpore and Hmreebaﬁh, but was unfortunately obliged to
leave for Europe in consequence of 1ll-health before the close of the season.

Having very frequently had occasion to represent the importance of deputing a lri)eud
officer of the Survey to the examination of the mines of India, and to the careful col-
lection of statistics regarding the quantity and value of minerals raised and brought to
market, I was glad to find thata gentleman, selected for this purpose, had been ordered to join
the department at the beginning of the year. Mr. Mark Fryar, thus nominated as Mining
Geologist in connection with the Geological Survey of India, joined his appointment in this
country on the lst of May 1868. After a little time in Calcutta, Mr. Fryar was deputed
to the Ranigunj coal-field, there to make himself acquainted with the coal-bearing rocks
of India, and the method of mining adopted in this, the most valuable, coal-field in India.
It was necessary that he should acquire & knowledge of the rocks as locally developed, which
would be useful in other localities, and indeed perfectly essential before he could safely take

™
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up any enquiry in a new and undeveloped district. Mr. Fryaralso, later in the season, visited
the Kurhur coal-field, when Mr. Theo. Hughes pointed out to him the several groups and
their characteristic lithological characters. Towards the close of the year Mr. ar, was
deputed to the Nerbudda valley, and to pass thence southward by Chindwarra to Nagpore
ans Chanda, where Government had sanctioned the full and detailed examination by actual
sinkings and borings of the extent and character of the coal known to exist there. For this
purpose boring rods of best construction and borers have been despatched from England,
and the work will be taken in hands at as early a date as possible. Mr. Fryar has submitted
brief reports on the coal found at Lameta Ghat, Jubbulpore, and on the workings at the
Nerbudda Coal and Iron Co.s colliery at Mopani. The localities must again be visited by
some one knowing the Indian rocks.

I hope that the necessary appliances for boring, &c., which have been sent for, will reach
this country before it be too late to do any thing this working season. Once commenced,
the investigations will be carried on systematically, so as to ascertain exactly the full extent
of area over which the coal beds extend and the thickness and nature of the coal itself.
The country is much covered with alluvial deposits, and excepting by actual trials it will be
impossible to say what the extent of the ooaﬁgz‘lds may be, while the importance of the
locality taken in connection with the supply of fuel on the Nagpore branch of the Great
Indian Peninsula Railway and for other purposes, cannot be over-estimated.

It has not been found possible, with the reduced number of our staff, during the present
season to place any one of the officers of the survey in this part of the country, with a view
to trace out the extension of the coal-bearing rocks to the south from Chanda, if they do
so extend. It is probable that the further extension will be traced, although the evidence
seems tolerably conclusive that there is a continuous diminution in thickness of these rocks as
they pass to the south ; and it is highly probable that they will be found not to extend much
further than they have been already traced. We know that they have entirely disappeared,
at about seventy miles in that direction, and steps will be taken at the earliest possﬁ; e date
to have the intermediate country examimed. Reports of the occurrence of coal have frequently
been circulated, and recently it is stated to be in some quantity near Domagoodium:
but these reports have not as yet been confirmed.

‘When proceeding to the Ranigunj field, I sFecmll' y directed Mr. Fryar's attention to the
very high gmportanee of inducing,nJ if possible, the colliery aﬁroprietors to economize the
large amount of waste and dust coal which at present is allowed to take fire and burn
away to no useful purpose at the pits. The peculiar structure of Indian coal renders the
proportion of this waste, produced in hewing, larger than in coal of a more homogeneous and
richer character, while the very much greater brittleness of the strings of rich jetty coal
as compared with that of the tougher lamin® of earthy matter also adds to the proportion
of the Ktter fuel, which is lost in the waste. I urged on Mr. Fryar to induce some of the
proprietors to make trial of washinmd compressing this waste and dust so as to form bricks
or cakes of fuel, and mentioned to him the success which had attended some experiments made
by myself, on the use of common rice water as a medium for agglutinating the mass. Several
trials were made and many bricks produced from washed waste, and, as I believe, good promise
of success was established. The system has not, however, as yet recommended itself to the
proprietors ; they believe that the expense and cost would not be repaid by the result, and
they have therefore not taken any steps to carry the trials further.

In the experiments I had myself made years since,and in those which were made by
Mr. duning the past year, no sufficient pressure was available. And in consequence,
although the rice-water appeared to act very successfully, there was much too large a quantity
of it taken up. The result of this was the comparatively open and uncompressed texture
of the bricks, and when put on the fire they smouldered away rather than burnt. The
only pressure used was that of a very inferior brick machine, nor was anything like proper
attention paid to washing the dust before moulding.

I am quite confident that a very large amount of most valuable fuel could be with
profit economized in this field, all, or almost all, of which is at present allowed entirely to go
to waste. I do not anticipate that it will ever be profitable, undl;r the peculiar circumstances
of Indian fields, to adopt the suggestions thrown out b{ some who have never seen these fields,
of reducing all the coal extracted to fine powder by crushing, then washing, moulding
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and baking into symmetrical blocks. But I am satisfied that much may be made out of
the dust and demz:llnall coal, now wasted. The peculiar conditions of the field render it
compulsory that all this should be brought to bank so that the only expenses to be incurred
are in the actual manufacture. It would surely be more profitable to reduce a hrier portion
of this waste into the state of good useful fuel than to allow it to take fire and burn itself
to a heap of ashes.

Mr. s attention was also given to the utilization of the small coal and dust for the
production of coke, and with considerable success.

During the past year, a circular was addressed to the proprietors of collieries from this
office, urging on their consideration the vast importance of maintaining Eroper under-ground
plans, intinﬁ out very briefly the advantages to be derived from such. And I was much
gmtiﬁego to find from the replies received from every one of the large proprietors that they not
only saw the advantages to be gained, but were determined to secure them. Careful plans
are now being made of most of the mines in the Ranigunj field; plans of the workings in the
Kurhurbaree field will be commenced as soon as the workings there commence under the East
Indian Railway Company, and will be maintained. In the Nerbudda plans are kept. I look
upon this as a most gratifying progress for a year or two. The largest coal proprietors in the
Ranigunj field have not onfy engaged a qualified mining surveyor, but they have ordered all
their assistants to pass an examination in the use of the surveying compass, &c., and have
secured attention to this study by giving an increase of Rs. 50 per month to the salaries of
those who ma tiass The same Comsani has also given an excellent example of progress by
ordering one of their own servants, and who, by their hPermimsion only, is also examiner of
steam-ship boilers under the Government of I{engal (Mr. Walker), to proceed each half-year
to their works to examine carefully and report upon, in detail, the condition, work, dyut ,
and capabilities of every one of their steam engines; this report to be submitted previously
to each half-yearly meeting of the Company.

Mapras.—In Madras Presidency, Mr. Foote was absent on medical certificate during
the greater part of the year. He only returned late in October. The remainder of the party,
Mr. C. Oldham and Mr. King, commenced the season’s work north of Ghooty, and marching
up to Kurnool, surveyed, as they passed along, a sufficient breadth of country outside of the
boundary line of the Kuddapah rocks, to ascertain the non-existence of any outliers of those
rocks in that neighbourhood, and to obtain a good general idea of the character of that area
of metamorphic rocks. It proved to be chiefly an area of granitoid gneiss, with a few trap-
dykes, and some runs of fault-breccia; the prevalent directions of these being west-north-west,
with variation to north-west, and east-north-east, with a variation to north-east.

From Kurnool, the Survcgors passed across the hills to the east, by the Muntaval pass.
Mr. King separated from Mr. Oldbam at Doopaud, from which he moved northwards, carry-
ing on his examination in connection with the survey of the previous season. Mr. Oldham
proceeded to the Kistna district to join the Superintendent.

Mr. King rejoined Mr. Oldham in the middle of February, and working first through
the Vinuconda taluq, they then passed into the Palnad, and carried their geological lines up
to the Kistna River. Parts of this country are very difficult of access, wide areas quite unin-
habited, without roads and without any means of obtaining needful supplies. Much of the

logical structure is also intricate, and the district is at the same time very unhealthy.

e temperature during the past year was unusually high in April and May, and repeated
attacks of fever prevented the officers of the survey from carrying on their examination with
their usual vigour. They continued, however, at work until the beginning of June, when
Mr. King was compelled to proceed to station. Mr. Oldbam went northwards and crossed
the Kistna, hoping to be able to complete a detailed survey of the Juggiapett country. A
part of this only could be accomplished, for the early and heavy ireak of the monsoon
compelled him also to leave the field about the middle of June.

During the autumn Mr. Oldham delivered at the Civil Engineering College in Madras
a course of lectures on Geology. These were attended, and with marked regularity, by a
larger number of the general public than on previous occasions, while the engineering class
was also very attentive and interested in the subject.

™
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When I left the neighbourhood of Juggiapett eatly in the year, as already referred to,
I had hoped that there would have been time to accomplish a detailed survey of that small
area, taken in connexion with the adjoining country, before the close of the season. AsI
have just stated, the early and very severe setting in of the monsoon prevented this. I regret
this the more, from the reiterated statements which have been made as to the existence of
coal in that vicinity. Mr. C. Oldham, in re?'ettmi that he was compelled to give up the
attempt to finish the work at that time, says—*1 was, however, able to trace out the succession
of the beds there for a considerable distance, and I had the opportunity of examining with
somewhat more detail than we were able to do, during our visit early in the year, the way in
which the rocks lie, and to convince myself (in entire accordance with your own conclusions)
that, certainly over the part of the area which I was able to survey, in which are some of the
localities where coal had been re‘Ported, not only does none appear, but that the occurrence of
any thing like a workable seam of coal, unseen, i1s impossible. The rocks are singularly well
exposed and their succession very clearly seen. The general succession of rocks seen in the
Juggiapett area is, in ascending order, quartzite slate, limestone, schistose slates, and over these
upper slates, in the hills to the south, comes apparently another set of quartzites.” The two
lower groups, Mr. C. Oldham is inclined to refer to the Kuddapah series of rocks; and the
limestone with the slates above it to the newer Kurnool group. There is apparently uncon-
formity between the two series here, as in many other places. The Kurnool rocks cover a

area in the Palnad, and the two limestones with associated shales, are seen se; ted
by quartzite, (the ‘ Paneum’ quartzite of the survey) ; this is locally of considerable thickness
and forms a very well marked bed, but elsewhere it thins out to a couple of feet
or even disappears altogether. The lower limestone of the Palnad is apparently identical
with that which covers so very large an area near J quzapett, although the actual continuity
of the two still remains to be traced. Much of the limestone would form a very durable and
excellent building material, and several of the beds would yield a handsome ornamental marble,
being veined in different colours, chiefly buff and pink.

Chipped stone implements were traced up to the Kistna district. On the Muntaval
pass, one was exf.nwteg from hard solid laterite.

From Bezwara, Mr. C. Oldham visited a small area of sandstone at Tunglamoody,
about 14 miles south-south-east of Bezwara. These sandstones there form a rising ground or
hillock of no great extent. They are quarried for use in the adjacent country, where many
temnples have been built of them.” No fossils were traceable, but from the general character
of the rocks, Mr. Oldham considers them as belonging to the same group as the plant sand-
stones further to the south, to some of which they bear a great resemblance. Further, while
marching back to Madras from Guntoor, he noticed similar sandstones and some porcellanic
shales in several places near to Yinkolu, and south of that along the :andat Razpoody
a considerable amount of them is exposed, chiefly a greyish and yellowish shaly sandstone.
These beds are quarried to some extent for I building purposes. The great resemblance
Lithologically of these rocks (shaly sandstones, and porcelain-like shales) to those in the
neighbourhood of Sripermatoor, in the Madras district, is striking. Mr. C. Oldham thinks
all these belong to the same series, and thus we have, at a distance of 450 miles from where
we first found them in the Trichinopoly district, remains of a series of deposits once continu-
ous, and the connection of which is now only indicated by the many detached areas of the
;nﬁc bcg::; which have been traced by the survey in the South Arcot, N’ orth Arcot, Madras, and

ellore districts.

BouBaY.—The Bombay parlti' of the survey has been during the whole year under the
charge of Mr. A. B. W%nne. r. Blanford being, during all the time, a{ment with the
Abyssinian Field-force. The part‘y was engaged in the examination of Cutch, of which area
about one-half has been very carefully completed. The reported oocurrence of coal, said to be
in workable quantity, was one reason which demanded a careful investigation of the rocks
and their relations. But the principal interest connected with the investigation of Cutch cen-
tered in the fossils, which occur there in considerable abundance. Along with others, very well
preserved remains of peculiar plants occurred, easily recognizsble, and giving a very marked
JSacies to the flora of these rocks. This was characterized by the predominance of various
forms of Cycadem. These same forms of Cycadem had been found in abundance in Bengal,
at the op{;:site side of the Indian peninsula, and in many places near to Madras, far to the
south. the Rajmahal Hills no associated beds occur from which the true geological horizon

~
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of these plant-bearing rocks could be made out, while in Madras presidency also, although the
succession clearly established that these rocks were not younger than the cretaceous formation
there developed, there was (equally as in Bengal) no possibility of fixing their lower limit in
geological time. In Cutch these plant-bearing beds, on the contm?, were said to occur asso-
ciated ,with rocks rich in marine fossils, well preserved, and the geological epoch of
which was well marked and readily determinable. But although undoubtedly associated with
the marine fossiliferous beds, the mode of this association was still uncertain. Captain Grant,
the original describer of the province, left it doubtful; while Mr. W. Blanford, during a
cursory visit to part of Cutch, was led to believe that the plant-bearing rocks were actually
intercalated with the others. The facts, as resulting from Mr. Wynne's very careful and
detailed examination, appear to be that a very few and very imperfect remains of plants do
occur in layers distinctly intercalated with the truly marine ﬂ:ds, and have probably been
drifted into these localities from shores adjoining the seas in which the mollusca, now found
fossilized in these beds, then existed. But as a whole the beds in which the well-marked
Palmogamie occur are decidedly younger than those containing the truly Jurassic Ammonites
and other characteristic fossils ; and that they constitute an upper zone, but belonging to the
Jurassic period. These very important results will be illustrated in detail in Mr. Wynne's
reports.

Mr. Fedden has been engaged with M. Wynne in this careful examination of Cutch,
and has more especially devoted himself to the portion of the province occupied by the
tertiary rocks.

Very extensive and valuable collections of fossils have been made by this party of the
survey, and transmitted to the Museum.

BueMan.—Mr, W. Theobald, Junr., having returned from absence of leave, resumed
the examination of British Burmah towards the close of the year. The time which elapsed
up to the end of the year has been too brief to admit of any great progress. The country
under examination has been that portion of the Prome district which stretches between the
Eastern or Pegu Yoma and the Irrawaddi, and lies to the north of the Toung Raweng
stream. This will, when finished, complete the whole of the Prome district east of the Irra-
waddi. I confidently hope that we shafl now be able to complete the examination of all British
Burmah soon. The results at best are unsatisfactory from the absence of any good sectionr ;
and any attempt at classification of the rocks can onllly be of the largest kind. The whole
country is too much covered to admit of any great detail.

PusricatioNs.—During the year under report, we have commenced the issue at stated
intervals of a new sgries of publications called the “ RECORDS OF THE GEOLOGICAL SURVEY OF
Inp1a.” These are printed in smaller type and on thinner paper (for free transmission by
post) than the more detailed Memoirs, but of the same size, so that they can on completion
of a volume be bound with these. It is contemplated to issue a number every three months,
making four numbers or parts in the year. It was impossible, however, to commence the
issue until after several months of last year had passed, and therefore, for 1868, only three
numbers appeared. In explanation of the object with which this series has been commenced,
I may quote here from the brief Prefatory Notice which accompanied the first part. ‘This series
will contain a notice of the current work of the survey up to date; a list of contributions to
the Museum or Library ; a list, and occasionally an analysis, of such books published elsewhere,
as bear upon Indian Geology; and, generally, of all facts illustrating tge immediate object
of our researches, which may from time to time come to our knowledge.

The three numbers issued in 1868 have contained papers on very varied subjects;
coal, gold, oc;gper, foesils, and several local descriptive papers, which have proved of much
interest to local officers; also lists of all additions to Library, &c., during the year.

I am happy to say this new series of publications, although necessarily issued with very
few illustrations, has already attracted much interest, and I think will prove very useful.

Of the MEMOIRS OF THE GEOLOGICAL SURVEY OF INDIA, a very valuable part has been
issued, conta.ininw. full report on theTEeoloqy of the lower parts of the Nerbudda and Taptee
Valleys by Mr. W. T. Blanford. e delay involved in the preparation of the necessary
illustrations for this paper caused it to appear later than I had hoped. In the same part ix
also a detailed description of the structure and anatomy of the very curious little frogs long
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known to be found in some thin papery shales near Bombay. To these Professor Owen had
in 1847 given the name of Rana pusilla. More careful investigation, and more perfect
specimens, show that these strange little frogs belonged to the existing genus Ozyglossus.

Mr. Blanford's report includes all the country lying between the parts already described
by Mr. J. G. Medlicott (see Vol. II, Memoirs Geol. Survey of India) ang the Gulf
o{ Cambay, and thus completes a geological section right across the peninsula to the neighbour-
hood of Bombay.

This part completes Volume VI of the MEMOIRS OF THE GEOLOGICAL SURVEY oF INDLA.

Of the figures and descriptions of Indian fossils, included in the Pal®ontologia Indica,
the second half of the description of the Cretaceous Gastropoda was issued in October. This
contained four fasciculi, and being ready at that time, I was enabled to issue it in advance,
so a8 to carry the publication up to ber of the present year. The danger of loss, the
facility of destruction or injury, and the delay in transmission, of the smaller fasciculi, render it
preferable to issue the whole series due for a year at once, if this be ready.

The description of the Gastropoda, concluded in these parts, was carried out to the close
with the full detail to which I specially alluded in my last report.

Much progress has been made in the preparation of the needful plates for the illustration
of the Bivalves, the group which will be published next.

At the request of several local officers we have, during the year, furnished brief
geological descriptions of their districts, which they needed for statistical accounts, descriptive
reports, &c., &c.

LiBrarY.—During the twelve months of 1868, we have added to our library 1,766
volumes, or parts of volumes, of books. Of this total 508 were presented or received in
exchange for the publications of the Geological Survey from Societies and other institutions.
‘We continue to maintain our catalogue of these books up to date, and in the new series
of our quarterly publications (THE REcorDs) a complete list is given, in each part, of those
received during tge preceding three months. It is hoped that this announcement being sent
to the several Societies from whom the presentations bave been received will suffice as an
acknowledgment, and will thus obviate the necessity of separate communications.

We are quite as seriously inconvenienced in our Library arrangements, by the want of
sufficient space, as in the Museum. The books are necessarily placed in double rows and often
far too crowded in their cases. This renders it impracticable to be as careful of them as
might be, and also seriously interferes with facility of consultation or reference. To give fair
room for all we would require at least double the number of cases and shelves we have
at command.

To this nzgort is agpended as usual a list of the Societies and Public Institutions from
which the Geological Survey of India has received donations or exchange of publications
during the year 1868.

In my last report I stated that the literature of Geology, Mineralogy, Palmontology, &e.
had of lntz years so vastly increased that it was lmpouo:ﬁe to munoan our libl‘:l"}y effeet-
ively from the small sum annually appropriated to such purposes and I am happy to be
able to state that an increase to this sum has since then been sanctioned.

Musgum.—Up to the close of the year we had not received all the series of fossils

rocured during 1867 in Europe, in connection with the purchase of the Klipstein collection.

%nt few now remain to be received, and I hope to be in possession of all at an early date.

) During the year, I‘lmd the advqntage of the aid of Mr. Geoff. Nevill in ing,
pnptﬁnﬁ; and cataloguing these fossils as opportunity offered for opening and examining
them. many cases, the want of space has mxdemdv it necessary merely to open, examine,

check, and pack up nm, box after box, as we have not space in which even to arrange, much

less exhibit, our collections. Three additional rooms have been given up to the museum,
and this will afford a certain amount of relief, when we have been able to procure cases.

During the year more than 6,000 specimens have been catalogued.

We have returned to the Central Muscum, Madras, the Cretaceous Gastropods which they
bad been good enmough to lend us for cxamination and description, and we have added to the

b
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list as complete a series of duplicates of this group of fossils as our collections could afford.
I think local museums should especially, and in preference to any more general illustrations,
scek to render their collections specially rich and illustrative of local Natural History, and .
my desire has been to place in the Madras Museum the best series of duplicates which could
be selected from the very interesting and valuable collections of Trichinopoly fossils made
during our geological examination of that district in the Madras Presidency. \%ith a similar
object, I also sent to the Museum at Rajamundry as complete a series as our collections
would afford of the interesting tertiary (%)ssils found close to that town, carefully named,
and with accurate references; so that those interested might have some good data for com-
sm'ison, if they had the opgortunity of adding to these local collections. We have also
uring the year examined and named for several persons specimens and small collections.
From the officers of the survey working in Cutch, the collections have received very large

additions; among which are many good specimens. The other parties of the survey have
not been e

in richly fossiliferous districts. Mr. Medlicott has brought a small series
from the Khasia Hills, and a few have been received from Burmah.

MgerEoRITES.—To the noble collection of meteorites in our Museum have been added
during 1868 specimens of the fall of Pultusk, 30th January, 1868: of Klein Menow,
7th of October, 1861 : of Perth, 17th May, 1830; of Ornans (Doubs), 11th July,
1868 ; and of Lodran near Mooltan, 17th of October, 1868, being five in all. Of one
of these (Klein Menow) our collection contained a minute fragment before, but we have
now obtained a very splendid specimen. The others are all new to our series. For the
very rare specimen from Perth, I am indebted to the friendly kindness of Mr. Wm. Nevill,
Godalming, Surrey, from whom also I procured the Klein Menow specimen. To my

friend M. Jules Marcou, Paris, I owe the specimen of Ornans, while the contribution
of that from Pultusk was among the latest communications received from the able Director
of the Imperial Mineral Cabinet at Vienna, Dr. M. Hornes, since deceased. This was

onl
one among a very numerous and long-continued series of friendly communications, in wbicg
T have ever experienced the most hearty and graciously rendered support and co-operation

1}‘1;9_1!\ the Austrian Geologists, and from none more warmly than from the greatly regretted
ornes.

A small map is as usual tes&ppended, showing roughly the areas of which the geological
examination has been completed, or is now in progress, in connection with the survey.

THoMAS OLDHAM,
GEor. SURVEY OFFICE; } Supdt. of Geological Survey of India, and
CaLcUTTA, March 1869. ) Director of Geological Museum, Calcutta.

.

List of Societios and other Public Institutions, &c., from which Publications have been

received in donation or exchange for the Library of the Geological Survey of India .
during the year 1868. :

Lonpox.—Royal Society. .

” Royal Institution.

” Royal Asiatic Society.

” Geological Society.

" Geological Survey of Great Britain and Ireland.
» Royal School of Mines.

» Royal Society of Arts.
» Royal Geographical Society.
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) DusLin.—Royal Society.

» Royal Geological Society.

EpinsureH.—Royal Suciety.
GrAscow.—Geological Society.

CorNwaLL.—Royal Geol

ogical Society.
VieNNa.—Kais. Hof hﬁlnera.lien lgabinet.

K. K. Geologischen Reichs-Anstalt.
Kais. Akad.

er Wissenschaften.
DrespEN.—Naturwiss. Gesellschaft, Isis.

BerLiN.—Deutschen Geologischen Gesellschaft.
BresLAU.—Schlesischen Gesellschaft fiir Vaterland. Kultur.
MunicH.—Kon. Bayerischen Akad. der Wissensh.
Moscow.—Société Impériale des Naturalistes.
SWEDEN.—Bureau de la recherche Géologique.

Norway.—Royal University of Christiania.
Paris.—Comm. des Annales des Mines.
» Société Géologique de France.
D1joN.—Acad. des Sciences.
CAEN.—Société Linnéenne de Normandie.
BeLe1uM.— Academie Royale des Sciences, Bruxelles.
NEUCHATEL.—Société des Sciences Naturellés.
LausaNNE.—Société Vaudoise des Sciences Naturellés.
ZuricH.—Naturforschenden Gesellschaft.
TurIN.—Royal Academy.
GoETTINGEN.—Ko0nigl. Gesellschaft Wissenschaften.

GEBRMANY.—Leop. Carolino Acad. of Sciences.
CoPENHAGEN.—DPanish Academy.

PHILADELPHIA.—Franklin Institute.
” American Philosophical Society.
" Academy of Natural Sciences.
BosToN.—Society of Natural History.
AMHAERRST, Mass.—Museum of Compar. Zoology.
SaLeM.—Essex Institute.
‘WASHINGTON.—Smithsonian Institute.
New HaveN.—Connecticut Acad. of Arts and Sciences.
ToroNTO.—Canadian Institute.
Vicrogria.—Geological Survey.

Office of Mines.
Carcurra.—Asiatic Society of Bengal.

» i-Horticultural Society.

Indian Annals of Medical Science.

Bousay.—Branch of Royal Asiatic Society.
RoorkEE.—Thomason College of Civil Engineering.
Governments of India, Madras, Bombay, Bengal, North-Western Pro-

vinces, Chief Commrs., Oude, Central Provinces, Burmah.

Great Trigonometrical Survey of India.

”
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NoTE on PANGSHUBA TECTA, and two other species of CHELONIA, from the newer tertiary
deposits of the Nerbudda Valley, by FERD. STOLICZKA, PH. D., Pal@ontologist, Geol.
Surv. of India.

While engaged in the examination of the tertiary (P pleiocene) deposits of the valley of
the Nerbudda river in 1858, Mr. W. Theobald, Junior, obtained, among other fossilz, a
few remains of CHELONIA which are of great interest as throwing light upon the then
existing representatives of this reptilian order.

Mr. Theobald described these deposits at some length in a paper “On the tertiary
and alluvial deposits of the central portion of the Nerbudda valley” (Memoirs, Geol. Surv.,
India, Vol. IL, p. 279). He distinguishes two groups of beds, an upper and a lower. To
both of these a lmpe number of the fossils is common, but Mr. Theobald is inclined to
think that those of the upper group may have been, partially at least, derived from the
denudation of the lower group. The beds of this lower group are more fossiliferous than
the others, but they can only be examined where they are exposed in the banks of the
Nerbudda river itself, and in those of a few of the larger tributaries. The same author alwo
gives a list of land and fresh-water shells found in these beds. Many of the species noted are
still met with recent, and some appear to be identical with those determined by
Prof. Ed. Forbes from the Sevalik strata (see Falconer's Palzont. Mem., Vol. I, p. 389).
Of the vertebrate fossils also, several species are common to both the Nerbudda and Sevalik
strata. Still some peculiarities in the Bovine and Pachyderm types have been tE.ointed out,
which seem to show that the deposits of the Nerbudda vaﬁey are younger than those of the
Sevalik hills. On this point it is difficult to arrive at any definite conclusion from the
examination of the fossils alone. The comparatively larger number of Bovines in the
Nerbudda beds, as contrasted with the Pachyderms, the absence of Mastodons, &c., may be
due to local causes. And further, the number of fossils as yet known from the Nerbudda is
small, while from the Sevaliks, which have been examined more in detail, we have a large
number of well determined vmum The only guestion is, whether all the fossils which have
been described from the Sevaliks really belong to one series of beds only, or whether they do
not in reality represent somewhat distinct horizons (the Nahun series, the upper and lower
Sevaliks, &c.) mft is certain that no particular attention was paid to these divisions when
the earlier collections were made. Much is therefore still left to be worked out, both in
the Nerbudda and in the Sub-Himalayan country. ,

In the 'Sresent note I shall direct attention only to the Chelonian remains from the
Nerbudda valley. Mr. W. Theobald, in his report quoted above, repeatedly states that
Chelonian remains occur throughout the lower group, qbut that they are rare as compared
with those of the Mammalia (see pp. 289, 290, 292). Besides these remains of Chelonia | am
not aware that any other repti]gm remaing have been met with in the Nerbudds beds,
although Saurians and others most probably existed within that area, as they do now, and
as they did already during the time, and in the area, of the Sevalik deposits.

These Chelonian remains are referrible to three species; one, which is sufficiently

reserved, has been identified with the recent Pangshura tecta, and, of the three other
E-ngments, one appears to belong to a recent Batagur, and the other two to a Trionyz.

I shall give first a short description of these remains, and then add a few words
respecting the conclusions resulting from this examination.

PANGSHURA TECTA, Bell, sp., Plate I, Figs. 1, 2.

Emys tectum, Bell, Monog. Testudinarum.
» tecta, Gray, Illustrations of Indian Zoology.
» INamadicus, Theobald, 1860, Mem. Geol. Surv., India, Vol. II, p. 295.
Pangshura tecta, Giinther, 1864, Reptiles of Indis, p. 33.
Emys tecta, Falconer’s Pal. Memoirs, 1868, Vol. I, p. 388.
The shell of Pangshura tecta® has an elongated oval form. The centre of the back

is elevated, more or less distinctly carinate, the sides are rather flattened and slope at an
angle of about 46°, which increase up to 50° towards both ends. The carapace is anteriorly

¢ 1 have adopted here the change in the ific name, tecta, as being more in rdance with the genesal
of nomenclature, although Bell said :m Gray had misquoted the li';mo tecta in.:t::d of fectum, the roof of &
house, which was intended to express the general form,

-




PART 2.] Stoliczka, on Pangskura tecta. 87

about equal to, or a little shorter than, the sternum, and slightly emarginated ; posteriorly
it is obtusely rounded, and at the marginal shields more or less distinctly serrated.

In the specimen figured on Plate I,—which was discovered by Mr. W. Theobald
at Moar Domarl in the Nerbudda valley,—the carapace agrees in every respect with that of
e ¢ es, as will be shown by giving the necessary details of its structure. To
facilitate a enl reful comparison, I have also given a drawing of one-half of the dorsal and
ventral views of the carapace of a small specimen, procured living in the nej hbourhood
of Calcutta. These drawings are intended to illustrate not only the epidermoid gut also the
osseous shields. Proper attention is seldom given to the latter in zoological works, although
in palsontological researches they are of greater importance than the former.

The fossil figured is not perfect, the posterior portion of the carapace not havin
found; but the rest of the shell is quite sufficiently preserved to admit of careful comgarl?.:z:
for specific identification. The general form of this fossil is, as already stated, exactly the
same a8 that of recent specimens.

Epidermoid plates.—The nuchal shield is very small, narrower anteriorly than teriorly.
All the five vertebrals are obtusely carinated in the middle, and the first tbprzz b?;:,l,{e
successively more and more elevated at the posterior end. The first vertebral is pentagonal
with an obtuse projecting angle in front, slightly emarginated at the sides, narrow and
truncate behind. The second vertebral is about the same size as the first, also pentagonal
truncate at both ends, considerably narrower teriorly than anteriorly, laterauy’
at one-third of the length from the front edge, widest and angular. The third vertebral
is the smallest, but the highest of all, pentagonal, truncate in front, angular at the
sides, after which considerably produced posteriorly, becoming gradually narrower and
terminating with an obtuse point. The fourth vertebral is bell shaped, very much
prolonged, joining the third with an obtuse point, then becoming gradually wider until
it reaches about 5J.ree~ﬁ&hs of its length, after which it narrows in, terminating with g
truncate side, about one-half of the test width of the shield. the fifth vertebral only
the anterior portion is preserved, showing it to be truncate in front and quickly widening

riorly. e sides were probably obtusely pointed and the posterior termination truncate

er than the anterior, as in recent specimens. In these the sides of the fifth vertebral
are sometimes pointed, sometimes distinctly trancated. Costal or lateral plates are five, all
being transversally elongated and of a more or less irregular pentagonal shape. The
entirely agree with those of living specimens, as is equally the case with the marginal shields
which are eleven in number on either side. The serration of the rior marginal shield;
remains to be properly recorded if better preserved specimens should be discovered, for neither
is it distinctly traceable in the figure given by Dr. Murchison in Falcouer’s Pal. Memoirs,

On the ventral side we have first to notice a pair of small, triangular, posteriorly pointed
gular shields. To these follows a pair of larger, subquadrangular foat-gulars ; then a pair of
rather high pectorals, next to which are the abdominals, being the largest, and then the other
shields of normal size. The axillaries are comparatively small, posteriorly pointed, the
inguinals large anteriorly, on the external side obliquely truncate. The longitudinal ridge
which connects ewhm{lnry with its corresponding inguinal is very distinct, sharp and
sliﬁhtly longer than in most recent specimens. The plastrum is distinctly concave, probably
a little more so than in male specimens, as usually met with about Calcutta.

Ossoous plates.—The distribution of the osseous plates, as is well known, does not agree
with $hat of the epidermoid shields. There is a very large nuchal plate and a very small
caudal, the latter not being preserved in our specimen. There are ten small vertebrals, the
last (the largest) not being seen in the fossil, but the other nine perfectly in thejr
relative proportions and in their relations to the epidermoid shield with those of live
specimens. The costal shields are eight; the first is the broadest, with referenco to the
longitudinal diameter of the carapace; all the others are very narrow. The number of

inals is eleven on each side.

On the plastrum we have a pair of subquadrangular gular shields, to which follows
pair of very llz:rge pectorals, these four shields enclosing in the middle a single, suboval poot..
gular; there is besides a pair of veriolugo abdominals and one pair of smaller anals. 'The
axials and inguinals are not separated from the pectorals and abdominals respectively.

No portions of the internal skeleton, as the extremities, &c., have been found preeerved.
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The epidermoid plates in Panrgsh. tecta, and other allied species, are subject to a great deal
of variation, which is especially considerable in the form of the vertebral plates, occasionally
80 much go that they cease to be of t specific importance. The most variable are the
first and the fifth vertebral plates. In the Indian Museum there exists a remarkably large
specimen of Pangsh. tecta from Cachar. Its first vertebral is pentagonal, the second quadran-
gular, third rather large, of regular form, fourth very large, bell shaped, the fifth is three-fifths
of the length of the former, of almost equal width throughout, truncate in front, sub-a
laterally, and obliquely pointed posteriorly, while, as a rule, it is truncate behind (sec fig. 2, pl. 1).
There are twelve marginals on each side, instead of eleven, the tenth being divided by a furrow
in continuation of the suture which separates the fifth costal from the fifth vertebral. The
caudals are very small.

Comparing the epidermoid shields of some of the specimens of P. tecta with those of
Pangsh. tentoria, it is by no means easy to point out any very remarkable distinctions, but
the latter species can be always recogmised by its broa(f, depressed back, the sides of the
carapace being distinctly convex, and the general form of the shell more elongated. (See
Theobald’s Catalogue of Reptiles, ete., Jour. Asiat. Soc., Bengal, Extra No. 146, 1868, p. 14).
Giinther’s figure of Pangsh. tentoria is by no means characteristic, being almost undistin-
guishable from that of P. tecta.

The costal shields are, on the contrary, much more constant, and they do not apfea;r to
vary essentially in allied species and genem. In all the species of Pangshura which I have
examined they were arranged quite identically.

Mr. Theobald proposed for the specimen here figured the new specific name “ Namadicus,”
* while Dr. Falconer, in an essay already written in 1844 (see F!:i:oner's Pal. Mem., Vol. I,
1868, p. 382), had identified another specimen found in the Sevalik strata with the recent
species. The examination of the Nerbudda specimen has strongly confirmed Dr. Falconer’s
investigations; that celebrated naturalist summing l‘lf) his results in the words, “that we are
not justified in constituting a difference where we do not find it.” Judging from all the
solid parts of the carapace, it cannot, I think, be reasonably questioned that the Nerbudda
and the Sevalik fossils, as described by Dr. Falconer, are both of the same species, and identical
with recent specimens of that sg:ies. It might, of course, be said by some naturalists that
the fossil specimens may have been, for instance, quite differently coloured, and this would
be sufficient to constitute a specific distinction. Such hypotheses cannot, however, be admitted
as having any value in pointing out specific distinctions of fossils.

I have no doubt that the specimen from which Dr. Falconer’s description was taken
is a true Pangsh. tecta, but it scems very doubtful that it was the identical specimen figured
- by Dr. Murchison on Plate 32 in Falconer’s Pal. Mem., Vol. I. I have little doubt that this
last one is also a Pangsk. tecta, but it can scarcely be the identical specimen which Dr. Fal-
coner described. Dr. Murchison (in a note on page 382) pronounces the figured specimen to
be the original of Dr. Falconer’s description, but when writing the explanation to the plate
some of the differences must have struck him, and here he leaves the identity of the
specimen doubtful. On page 383 Dr. Falconer says, with reference to the first vertebral,
(of the epidermoid coat), “the exact form'is not distinctly seen, though it seems to converge
less * * #” In the firure two-thirds of the first vertebral are broken off, and no con-
vergence is perceptible. Farther, the author says, “the outline of the fourth scute is not
distin; uishabY: in the fossil, and the fifth one is wanting.” In Dr. Murchison's figyre the
fifth shield appears perfectly preserved. With regard to the fourth vertebral scute there is an
error in Dr. Munﬁson’s e. The draughtsman has in place of the outline of the
epidermal shield marked the outlines of three osseous plates, and of these he does not seem
to have given the outlines quite correctly. The fourth epidermoid vertebral scute extends over
three complete osseous vertebrals and an additional one-half, or nearly that, on either end (see

1. 1, fig. g). It is important to point out this distinction, though every one, lookinﬁ at
f)r. Murchison’s figure, will readily notice that some mistake of that kind must have
occurred. For no Emys or Pangshura possesses seven scutes in the epidermoid covering,
and if intended as a representation of osseous shields, the number is, as I have alreadgy
stated, too small. In spite of this discrepanc{‘ and the somewhat strongly bi-tuberculated
second vertebral scute, I can hardly think that the specimen figured by Dr. Murchison
belongs to any other species than Pangsh. tecta.
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BaTAGUR 8P, conf. DHONGOKA, Gray. Pl I, Fig. 3,
Giinther’s Reptiles of India, Ray Soc., 1864, p. 42.

One right abdominal osseous shield has been found in the conglomeratic beds near the
village Omeria. This abdominal osseous shield is 108 m.m. long and 94 m.m. broad in
the region of the inguinal process. Its form, the flat surface and the outlines of the
junction of the abdominal and prea-anal shields, of the inguinal and of the adjoining marginal
on the external side, entirely agree with the form of the same shields of the recent Batagup
dhongoka. TFurther materials are, however, necessary to show whether this supposed identi-
fication be correct.

The species occurs at present throughout India, especially in the larger rivers, and it is
found up to the present time in the Nerbudda. Judging from the size of the fossil shield,
the specimen to which it belonged must have been about one foot long ; specimens much
larger than this are met with alive now in India.

TRIONYX 8P., conf. GANGETICUS, Cuvier, Pl. 1, Figs. 4—5.
Giinther’s Reptiles of India, Ray Soc., 1864, p. 47.

The two l’n%ments which are referrible to the above sgecies consist of the largest
portion of the left lower inguinal plate, and a fragment of one of the bony (sternal) processes
with broad longitudinal furrows. The rugose surface of the inguinal plate entirely agrees
with that of Trionyxr gangeticus, and this is the only reason which can at present be
brought in support of the presumed identification of the fossil with the recent form. The
thickness of the plate shows it to have belonged to a large specimen. These two fragments
were also met with in the conglomeratic bed near Omeria. Trionyz gangeticus is found at
the present time living in most of the large Indian rivers, especially in the Ganges and its
tributaries.

We have thus up to the present three species of Chelonia upon record from the newer
tertiary fluviatile deposits of tﬁe Nerbudda valley. These all belong to forms which live in
fresh water, and so far agree with Mr. Theobald’s conclusions, derived chiefly from a con-
sideration of the shell-fauna, that there are no traces of any estuary or brackish-water
deposits. Of these three Chelonia we muy sccept with the highest probability the identity
of Pangshura tecta with the existing species, and the great simlEm' ity of the other two
to existing species is also unquestionable. The Chelonia, %xivbably unnoticed by man, appear
to have changed far less in the lapse of time than the Mammalia. The Pangshura tecta,
and probably two other species (not yet known to occur in the Sevaliks proper), have
then continued to exist unaltered, from the time of the Sivatkerium, Mastodon, various
Klephants, Hippopotamus, Colossochelys and others, down to the present time. The
cha in the conditions of climate, &c., may not have been ﬁre&t, and if the species of
reptlllf: survived these changes man surely would have been able to do the same, had he
existed at that early date. That he did so exist, and that he was a contemporary of the
Colossochelys, as Dr. H. Falconer suggested long since, we have no reason to doubt, although
as yet we may not be able to adduce any direct proof of the fact.

ExprLANATION OF PraTE L

Figs. 1, 1a, 1b; dorsal, ventral and front views—half the natural size—of the carapace of a
fossil specimen of Pangsh. tecta from newer tertiary conglomeratic beds near
the village Moar Domar in the Nerbudda valley.

Figs. 2 & 2a; dorsal and ventral views of half the carapace of a recent specimen of the same
species; (natural size).

Fig. 8 ... Ventral view of a right abdominal osseous shield of a species closely
allied to, or identical with, Batagur dhongoka, Gray, from the same beds as
Fig. 1; (half of natural size).

Fig. 4 ... Portion of the sternal process of a sg:;:s closely allied to, or identical with,
Trionyz gangeticus, from the same as the last ; (half of natural size).
Fig. & ... View of a fragment of the inguinal plate of the same species as the last, and

from the same locality ; (nstural size).



SxeTcH or THE METAMORPHIC BOCKS OF BENear, BY H. B. Mepuicorr, A. B, F. G. 8.,
Depy. Supt., Geol. Survey of India.

From the descriptions of the -earliest ieologic&l observers in India it has been
known that large areas are occupied by metamorphic and submetamorphic rocks. It might
not appear from its publications that the Geological Survey had given to these formations
their due share of attention. But such an inference would be far from correct: coloured
maps of large districts might long since have been published, with a general description of
the lithology and of the superficial stratigraphical features; and sgecious analogies might
have been drawn with the ‘fundamental’ rocks of other countries; but any such accounts
would be illusive without some definite judgment upon the structure and relations of the
several rock-groups. The following notice is a brief abetract of observations made by me
during two seasons (1862-63, 1863-64) spent on these rocks, from the watershed of the penin-
sula near Jubbulpur, in an east-north-east direction, to Mothyr on the Ganges, a direct
distance of more than 400 miles. Those who have any knowledge of the difficulties attend-
ing the investigation of such rocks will at once understand that my explanations can be only
tentative.

The broad promontory round which the Ganges turns at Rajmahal is the termi-
nation of a t expanse of gueissic rocks. Here, throughout its eastern extremity, for
nearly 100 miles, the gneiss is covered and bounded by the“isjmahal Trap, with its asso-
ciated plant beds (jurassic), locally underlaid by other members of our Indian Stratified
Series; and various outliers, of irregular shape and size, of these latter deposits, comprisi
our best known coal-fields, are scattered over the area to the west; but from the Raj
bou the gneiss is continuous for 400 miles to the west-south-west to where it passes
under the Great Deccan Trap (supra cretaceous) of the Mundla plateau. From the south
extremity of the Rajmahal Trap the general boundary of the metamorphic area extends to the
south-south-west. Acroes the middle of the area a straight line might be drawn for more
than 150 miles from north to south, continuously on crystalline rocks.

Throughout the greater portion of the northern boundary (the region to which my
observations more especially refer), and with few exceptions wherever rock is more ex-

, the gneiss is in contact with submetamorphic rocks—slates, schists and quartzites.

he exceptions are where, only very locally, the Lower Vindhyans lap on to the gneiss, and

where the crystalline rocks themselves extend through and beyond the otherwise regular and
continuous run of the schists. This latter case is a most important one ; it ocours in about
the middle of the region, and is connected with un interruption of nearly 80 miles in the
run of the schists, dividing them into two separate areas, and introducing all the dopbts
and difficulties of identification. In the western area the submetamorphics are continuous
along the south side of the Sone valley and into the Narbudda valley, and are throughout
the whole exztent bounded on the north by the great Vindhyan range, the strata of which
rest totally unconformably upon the schists. In the eastern area, in Behar, the slate series
appears in detached groups of hills more or less isolated in the deposits of the Gangetic
pﬁlin; the principal of these hills are those of Rajgir, Kurrukpur, Ghiddour, Bheowa,
and Mahabur. There is perhaps a presumption that the analogous rocks in the two divisions
of this great zone are closely related, but many circumstances combine to complicate the
question of identification : in the western area the rocks are principally argillaceous, and the
metamorphic products of such ; while in the east, quartzose deposits largely predominate.
Again, this break of continuity is coincident with the eastern extremity of the immense
spread of the Vindhyan rocks, and thus, through a general analogy of composition, the
sibility was at first s ted (the crystalline rocks not being necessarily all of one period)
that :{e quartzites of Rajgir, &c., might be altered Vindhyans. This supposition may, I
think, be quite set aside : the Lower Vindhyans near their eastern limit rest quite unaffected
upon the granitics; and the most iar and characteristic beds of the Lower Vindhyan
series are most extensively developed in this position, yet there are no rocks among the
submetamorphics of Rajgir that would even approximately represent them specifically.
There is, on the other hand, no inherent difficulty to the general equivalence of the su
metamorphic series in the two regions, in the fact of there being much difference of
composition at so considerable a distance. It need hardly be stated that only the leading
relations of the rocks are to be noticed: no fossils have as yet been discovered in any of
them, and no detailed work has as yet been attempted.
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The superficial relation of position—a great spread of crystalline, fringed by sub-
metamorphic rocks—is already variously suggestive: tHe rival leading questions would
be—to what extent are the crystallines granitic and intrusive, thus determining the pre-
sent limit of the schists? or, if the crystallines are in the main gneissic and themselves
metamorphic, how far may the present limitation of: the submetamorphic series as a fringing
deposit be an original feature? No satisfactorily one-sided answer can be given: the facies
of the crystalline rocks is emphatically gneissic (metamorphic); there is also ample evidence
of granitic intrusion in the rocks of both series; yet, owing to theoretical scruples,
and to deficiency of data, the residual phenomena are so numerous that no approxi-
mately final judgment can be put forward even as to the main relative ages. It is time,
however, that our difficulties should be ventilated. The lie of this great band of slaty
rocks, on. the south of the Gangetic valley, and followed up, as it is, by the next suc-
ceeding deposits of the Vindhyan series, suggests at first sight inferences as to the possible
substratum of the great alluvial formation, as to the inducing conditions for the great area
of erosion or of depression, and as to possible relations to the rocks on the north of the plains,
in the Himalayan region. But, whatever independent interest these large structural features
may retain, such speculations as those mentioned are in a great measure negatived by the
sppearance to the north of the Vindhyans in Bundelkund of a large area of thorough
gueissic rocks ; and again, in Behar, in the small group of the Barabar hills, well to the
north of the Rajgir range, we find very massive gneiss of most ancient aspect.

I must here briefly recall to notice some observations I made in 1856-57 in a
neighbouring part of India (published in the 2md Vol. of our Memoirs) as bearing upon
the question before us. To the north-west of the Sone valley, and separated from it by
the long eastern prolongation of the Vindhyan formation, there is the large area of crystalline
rocks of Bundelknng; it is bounded on three sides by the Vindhyans and on the fourth
by the Gangetic plains. Along the south-east border of that area there appears a strip
of semimetamorphic rocks—quartzites, limestone* and slaty strata, with contemporaneous
trap, rising from beneath the Vindhyans. I described them as the Bijawur formation.
They are in many places seen to rest abruptly upon a flatly denuded surface of the gniess
of that area. The bottom rocks in this position are peculiar quartzites, often compact and
brecciated, and massive cherty limestone; but along portions of the boundary the usual
Bijawur strata are underlaid, with at least approximate parallelism, by very non-descript
goeissoid strata. The demarcation between these and the true gneiss is, naturally, very obscure ;
and it was not then possible to work it out; but there are locally some intercalated
beds of quartzite-sandstone that effectually betray the stratigraphical affinities of these
indeterminate strata to be towards the B})awur rocks, and totally distinct from thLe true
gneiss, to which they seem in the relation of an ancient superficial covering. We shall see
that probable representatives of the Bijawur rocks occur both in the Sone valley and in
Behar; and that thus we may at least get a hint as to the relative ages of the gneiss of the
two areas.

A large eﬁm’t of the submetamorphic area of the Sone valley is occupied by rocks
that would well represent the Bijawurs—ferruginous slaty schist with quartzite, limestone,
and much contemporaneous trap. They are much more disturbed than in Bijawur; it is
even probable that they are affected by certain granitic intrusions. The uncertainty upon
this and upon other unsettled points regarding their relation to the main crystalline area to
the south is largely owing to the presence of another older series of slaty rocks in the Sone
area. The Bijawur deposits are known to be somewhat fickle, but unless they are so beyond
all possible conjecture, there can be little doubt of the existence of this older series. In
some of the best sections, notably in that of the Rebund, there is a clear transition from the
coarse felspathic gneiss, through well marked stages of crystalline metamorphism, into a
series of fine clay-slates, with plenty of intrusive greenstone, but in which none of the
characteristic Bijawur rocks can be recognised. Where decided Bijawur rocks come in
contact with the gneiss there is no such intimate relation between the two. Now that
maps of this ground are available there is some prospect of our being able to unravel these

questions.

The hills formed of the submetamorphic rocks in Behar appear generally as
precipitous ridges of quartzite, either singly or massed together in groups. Even in the

© The limestone of Dergoan, which [ had doubtfully described as an outlier of the Lower Vindhyan limestone
bas since been shown by Mr, F, R, Mallet to belong to the Bijawur series,
4
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them and the Bheowa ridge; here also the general appearance is similar to that of the
other principal hill groups. )

Upon these general considerations of similarity of structure, position, and to a great
extent of composition, one would not hesitate to suppose the rocks of all these eastern groups
to belong to the same formation as the Rajgirs &c.;1t is the conflicting evidence of the bottom-
rocks, as already noticed, that would suggest a doubt—in the best sections I have seen at
the base of the Kurruckpur and Gh‘ilﬁ%our hills, the rocks near the great quartzites
resemble those of Luckieserai. Although it would still be possible that there are two
series of equal magnitude, and so closely resembling, yet quite distinct, the presumable un-
likelihood of such being the case would quite outweigh all the difficulties to their complete
identification ; and it is only on the supposition of tie sections to which T allude proving
deceptive that I would venture to suppose there being any separation at all among
these rocks, further than what may exist between the groups described in Bijawur
to which I would then consider them parallel. The case I wouls explain is well exhibited
at the east end of the Ghiddour range: for some distance a low flanking ridge follows the
curve, and close to the base, of the great cliffof quartzite; it is principally formed of a coarse
schist-conglomerate, sub-angular pieces (some are six inches across) of quartzites undistinguish-
able from those of the cliff, even to the peculiar innate mica; still the rock is thoroughly
metamorphic, with the pebbles ﬁrml{ soldered to the matrix. The underlie of this rock here is
30° to 50° westwards, thus apparently underlying the rocks of the range above. At the south.
east angle, however, ins of following the run of the range westwards, it trends awaf' to
south and south-east, with very low dips, and completely identifies itself with the similarl
arranged gneiss, schist and subordinate quartzite that cover so much of the low ground.
I have little doubt in identifying these rocks with those at Luckieserai; and it appears to
me more than doubtful that they tru]{ underlie the Ghiddour quartzites. There 13 ample
evidence on record of younger, apparently passing under older, deposits ; and without involving
the inversion of either. On the strength of their much more advanced type of metamorphism,
these gneissic rocks 'at the base of the Kurruckpur and Ghiddour ranges have been
considered altogether more ancient than the rocks of the hills; but if the suggestion now
made be confirmed, that order will have to be completely reversed.

The same conjecture occurred to me from an independent point of view in the
neighbourhood of Mahabur. Within about amile of the east end of this ridge, right in the
axis of its strike, we find these associated layers of tough mica-schist, hornblende-schist,
gneiss, and subordinate quartzite, covering considerable areas at low undulating angles of
disturbance. I was quite unable to conceive how such rocks could have been where they are
at the time when the great quartzites were so intensely &licated, and the schists below them
received their steady cleavage. The foliation of the Mahabur schists is cleavage-foliation ;
that of those other rocks is strictly lamination-foliation. This mechanical objection is at
least as valid as the chemical one to which it is opposed, and which would oietermine the
relative ages by relative metamorphism. But, indeed, there is little to choose between on
this score bere, for the Mahabur schists are often gneissose, containing much felspar. .

In connection with this question of relative ages, it is necessary to notice the
structure of the ranges as related to their distribution. Their isolated positions are not
simply due to denugation: it is certain that the matter removed from between them at
their present common level consisted in great 1Em.rl: of crystalline rock. Uniform as is the
general strike of the ridges, the termination of the ranges does not present a serrated front ;
the quartzites of the outer longitudinal ridges are bent round in a sharp regular curve, form-
ing a contmuous ridge of equal or greater elevation at the curve, with a precipitous external
tace, and generally an equally regular converging internal underlie. This feature is more
especially well marked on the eastern aspect. In the hrFer groups there are internal
features of the same kind ; the contortion presenting a two-fold system of corrugation, one
of which (the east-west one) greatly predominates, producing the marked longitudinal out-
line of the ranges. The cleavage and its foliation in the schists have been observed to follow
these same curves. It was partly upon this evidence in the Rajgir group—that one can
walk from any one ridge to any other without crossing a band of the schists which appear so
freely in the enclosed valleys—that I inferred the supraposition of the quartzites. The
drainage of these internal valleys does not take place endways, but by narrow gaps cut
through the longitudinal ridges of quartzite. Outmde the hills granitic rocks are sometimes
seen in front of these abrupt terminations of the quartzite ranges. Thus it would seem as
if tho existing masses of the sub-mctamorphic rocks had occupied arcas of locally greater
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depression at the time of the first great granitic invasion; and that to this we may owe
their ultimate preservation %s hill ranges. The feature is well exhibited in Mahabur: the
axis of the range would strike up a reach of the Sukri, and on each side of the river there
is an elongated oval of granitoid rock, as of denuded domes. The characteristic arrangement
of the doubtful gneissic rocks is also better shown here than anywhere I could mention:
they apYeu as regular concentric coatings to the granitoid masses. The area on the south
is less elevated, and the diverging dips of the covering rocks range from 5° to 20°; on the
northern area they are much steeper as if exposed lower gown on the sides of the mass they
envelope, but the regularity of the encircling ring is unbroken, and of the same description
of rock as on the south, but in thicker masses. Upon the usual evidence of regularly alter-
pating stratification of highly contrasting materials, it is not, I presume, to be questioned
that these are true detrital accumulations remineralized; and it might, I suppose, be
maintained on the strength of some misunderstood process of hypogene intrusive action that
they may have underlaid the Rajgir formation; or it might even be said that the strati-
graphical features of the Mahabur region suggest such a relation. But from the evidence
before us, I confess to 8 preference for the contrary supposition: it would require that after
the great disturbance and metamorphism of the Rajgir series the whole area was
denuded to a much greater extent than now, and that upon the surface thus e
these accumulations took place, probably of some arkose-like materials, very susceptible to
mineral reorganization. Such must have been the composition of the bottom-infra-Bijawurs.*
In this Behar area, however, there is ample evidence of a later granitic invasion: in the
southern tributaries of the Sukri there are fine sections of great granite dykes traversing all
the rocks transversely. This granite is very different from that already noticed; it is highly
crystalline ; in the centre of the dyke the fe{spar and quartz form a coarse graphic nite,
with associated schorl and beautifully plumose mica. %he view I have proposed would imply
a prodigious relative antiquity for the Rajgir formation.

The views that have now been presented in connection with the submetamorphic
series have manifestly very direct bearing upon the rocks of the great gneissic area. Suppos-
ing the conjecture regarding the extensive representation of the peculiar infra-Bijawurs to
be correct, there would be four principal geological divisions to be discriminated and
mapped, exclusive of all later granites, &c. 1st. There would be the gneissoid granite,
which would seem to be largely present, to be distinguished from true metamorphic gneiss.
I should despair of settling this point without the extensive application of microscopical
analysis of the rocks ; indeed it remains to be seen whether even this test would furnish
a criterion, whether the crystals of such a rock would not assimilate more to metamorphic than
to fully igneous products. 2ad. It is more than probable that associated with that granite we
should find a most ancient gneissic formation long anterior to the metamorphism of the
Rajgirs, and possibly equivilent to the gneiss of Bundelkund. 3rd. We should probably
find remnants of the Rajgirs in their gneissose form. On this point there is some inform-
ation at hand : far within the great crystalline area, near the Grand Trunk Road north of
Burhi, there is an inlier of typical Mahabur (Rajgir)schists. If they always remain so
characteristic there will be no difficulty in recognising them. Even here they are attended
by the encircling ring of variable quartzites, having high converging digs towards the
schists, which occupy the lowest ground in the neighbourhood on the banks of the Barrakar.
The quartzites form a narrow ridge round them, and would belong to our next division.
4th. There would be the hypothetical infra-Bijawurs. The establishment of this series
would probably relieve our field work of some perpetually outcropping difficulties, especially
in the shape of isolated, discontinuous runs of quartzites and breccias. But apart from these
more characteristic beds, I could not now assign a lithological criterion for this series gen-
erally : as has been seen they even simulate granitic masses. Great irregularity and discon.
tinuity is one of their features; although frequently presenting excessive contortion, as if when
caught between two resisting masses, they are generally comparatively little disturbed; and
what disturbance they exhibit seems to be lar?aly determined in direction by local circum-
stances, resulting in great irregularities of dip. In Bundelkund, where they were first detected,
these beds seem to have but little extension; but in Bengal they scem to occupy large areas :
I have observed rocks of this description in far distant localities of the great gneissic area.

Jansary 1869.

. As & more recent pardT\;l Evr such kind of deposits, I would refer to the felspathic beds of the lower Vlndhyu;u
as cxposed in western Behar, to south-west of Kutumbeh,
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Dzsog, E. er LorioL P. pe.—Echinologie helvétique. Description des oursins foesiles de la
Suisse, Liv. 1, Tables 1-4, Text. 1-4, Fol., Paris, 1868.

FrankeNmeM, DB. M. L.—Zur Krystallkunde, Bd. 1, 8vo., Leipzig, 1869.

GEESTAECKER, DB. A.—Klassen und Orginnnie; des Thier-Reichs, wissenchaftlich estellt
ins 6‘g’ort und Bild, Bd. V, Lief. 7, 8, 8vo., Leipzig und Heidelberg,

GuxtaEs, A. C. L. G.—The record of zoologica literature, 1867, Vol. IV, 8., Landon,

Hayes, Dz. J. J.—The open Polar Sea, 8vo., London, 1867.

Horx, H. Le.—L'Homme fossile en Europe, son industrie, ses moeurs, ses ceuvres d’art, 2nd
edition, roy. 8vo., Bruxelles and Paris, 1868.

KzepreLy, A. K.—Bericht iiber die Fortachritte der Eisenhiitten Technik im jahre 1866,
jahrg. 3, 8vo., Leipzig, 1868.

LarTET, E., AND CHRISTY, H.—Reliquize Aquitanice, Pt. VII, 4to., London, 1868.

LesLy, J. P.—Man’s origin and destiny sketched from the platform of the Sciences, 8vo.,
' London, 1867.

LiNpENscHMIT, DB. L.—Die Alterthiimer unserer heidnischen Vorzeit, Bd. II, Lief. 10, 4to.,
Mainz, 1868.

LorTNER, B. H.—Leitfaden zur Bergbaukunde, Lief. I, 8vo., Berlin, 1869.

MackeNzIE, G. M.—The Turks, the Greeks, and the Slavons. Travels in the Slavonic
Provinces of Turkey in Europe, 8vo., London, 1867.

MaxrLesoN, Masor J. B.—History of the French in India, 8vo., London, 1868.

MaeTINI UND CHEMNTTZ.—Bystematisches Conchylien-Cabinet, Bd. XI, Hf. V, Lief. 187,
and Hf. VI, Lief. 188, 4to., Nurnburg, 1868.

Mavg, DR. G. L.—Beitrige zur Naturkunde Preussens, he: ben von der Koniglichen

! Physikalisch-Oekonomischen Geeellscm zu  Konigsberg. I, Die

Ameisen des Baltischen Bernsteins, 4to., Konigsberg, 1868.
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MiLNE-Epwarps, M. A.—Recherches anatomiques et paléontologiques pour servir a I'histoire
des oiseaux fossiles de la France, Liv. 23, 24, 25, 4to., Paris, 1867.

Moozg, J. Scorr.—Pre-glacial man and Geological Chronology, 8vo., Dublin, 1868.

NiLssoN, 8.—Das steinalter oder die Ureinwohner des Scandinavischen Nordens, 8vo., edited
by J. Mestrof, Hamburg, 1868.

OWEN, RICHARD.-—Anatomy of Vertebrates, Vol. IIT, Mammals, 8vo., London, 1868.
Pre1rFER, Di. L.—Monographia heliceorum viventium, Vol. VI, 8vo., Lipsis, 1868.

SCHLAGINTWEIT-SAKUNLUN8KI, HERMANN VON.—Reisen in Indien und Hochasien, Bd. I,
roy. 8vo., Jena, 1869.

SuerEERD, C. W.—The north-west Peninsula of Iceland, 8vo., London, ]867 .

SwayXNE, G. C.—Lake Victoria. A narrative of exploration in search of the source of the Nile,
compiled from the Memoirs of Captains Speke and Grant, 8vo., Edin-
burgh and London, 1868.

TENNENT, 812 J. E—The Wild Elephant ; and the method of capturing and taming it in
Ceylon, 8vo., London, 1867.

TiuBs, J.—The year-book of facts in science and arts, 8vo., London, 1868.
VaMBERY, A.—Sketches of Central Asia, 8vo., London, 1868.

Zrrrer, De. K. A, aND OppPEL, DR. A.—Palzontologische mittheilungen aus dem Museum
des Koenigl. bayer. Staates, Bd. II, Abth. I, Text. roy. 8vo., Atlas,
Fol. Stuttgart, 1868.

Per1oDICALS.
American Journal of Conchology, 1868, Vol. IV, Pts. 2, 3, 8vo., Phil., 1868.

American Journal of Sclience and Arts, 2nd Ser., Vol. XLVI, Nos. 137, 138, 8vo., New Haven
868.

Annals and Magazine of Natural History, 4th Ser., Vol. II, No. 12, Vol. III, Nos. 13, 14,
8vo., London, 1868.

Annales des Mines, Ser. VI, Tom. XIII, Liv. 3 .
Tom. XIV, Liv. 4’ 5} 870-, Pm, 1868.
L'ADMINISTRATION DES MINES.

Annals of Indian Administration, 1866-67, Vol. XII, Pts. 2, 3, 8vo., Serampore, 1868.
GOVERNMENT oF INDIA,

Engineers’ Journal, Calcutta, New Ser., Vol. XT, No. 12, Vol. XII, Nos. 13, 14, 15, 4to., Cal., 1868,
Geological Magazine, Vol. V, No. 12, Vol. VI, No. 1, 8vo., London, 1868.

Indian Annals of Medical Science, No. XXV, 8vo., Calcutta, 1869. Tz EpItor.
Journal de Conchyliologie, 3rd Ser., Vol. XVII, Tom. IX, No. 1, 8vo., Paris, 1869.

Neucs Jahrbuch fiir Mineralogie, Geologie und Palmontologie, 1868, VII, 8vo., Stuttgart, 1868.
Novitates Conchologice, Suppl. III, 14, 15, 4to., Cassel, 1868.

Palwontographica, XVIII, 4, 6, 4to., Cassel, 1868.

Petermann, Dr. A., Mittheilungen—1868, X1, X1I1I, 4to., Gotha, 1868, and Suppl. 25.
Quarterly Journal of Microscopical Science, New Ser., No. XXXIII, 8vo., London, 1869.
Quarterly Journal of Science, Vol. VI, No. 21, 8vo., London, 1869.

Reoords of the Geological Survey of India, Vol. II, Pt. 1, 8vo., Calcutta, 1869.
+ GeoL. Survey or INpia,
GOVERNMENT SELECTIONS, &C. (FROM THB GOVERNMENTS).
BaxcaL.—Report on the statistics of the prisons of the Lower Provinces of the Bengal
Presidency from 1861 to 1865, by F. J. Mouat, Eeq.
GOVERNMENT OF BrNeaL.
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BeNaAL.—Report on the legal affairs of the Bengal Government for the year 1867-68.
GOVERNMENT OF BENGAL.

Report on the vaccination proceedings throughout the Government of Bengal

” (proper) ; with an appendix. GOVERNMENT OF BENGAL.

- Report on land Revenue Administration of the Lower Provinces for the official year
1867-68. GOVERNMENT OF BENGAL.

” Report on the Government Charitable Dispensaries of Bengal (proper), for the
year 1867. GOVERNMENT OF BENGAL.

” Distances of sub-divisions from stations in Bengal, with the Districts and Divisions
in which they are situated. GOVERNMENT OF BENGAL.

Report on the Revenue Survey operations of the Lower Provinces from Ist
October, 1867, to 30th September, 1868.

Misor MACDONALD.

BritTisE BrRMAH.—Annual Gaol Report of British Burmah for 1867. Extract from Pro-
ceedings in Home Department No. 230.

Cuier CoMMR., BriTiIsH BUBMAR.

Excise Report of British Burmah for 1867-68. Extract from Proceedings

in the Financial Department No. 136.
Cuier CoMme., BriTise BurMaH.

INDIA. —Report.a received from Her Majesty’s Secretaries of Embassy and Legation respect-
ing coal. GOVERNMENT OF INDIA.
Selections from the records of the Government of India, Home Department,
No. LXIX. Papers relating to Cattle Diseases.
GOVERNMENT OF INDIA.
Ditto  ditto, No. LXVIL. Note on the state of education in India duiring
1866-67, by A. P. Howell, Esq.

”

”

”
GOVERNMENT OF IXDIA.

Annual Report on the operations of the Post Office of India for the year 1867-68.
GOVERNMENT OF INDIA.

Mapras.—Selections from the Records of the Madras Government, No. X. Annual Report
of the Madras Medical College, sessions 1867-68.
GOVERNMENT OF MaDRaAS.

Report on the administration of the Madras Presidency during the year
1867-68. GOVERNMENT OF MADRaS.

Mrsonn, Coorag.—Statistical Returns, 1867-68. CHIEF CoMMB., MYsORE.

N. W. Provinces.—Report on insects destructive to woods and forests, by R. Thompson, Esq.
Govr. or N. W. ProvINCEs.

General Report of the Revenue Survey operations of the Upper Circle
for seasons 1867-68. Cor. J. E. GasTRELL.
Purias.—Hand-book of the economic products of the Punjab, with a combined index and

glossary of technical vernacular words, Vol. I. Economic raw
produce. GOVERNMENT OF PUNJaB.

»  Report on popular education in the Punja.b for the year 1867-68, by Captain
’ V& B. M. Holroyd. govmuxxr or Punyas.

. Report on publlc administration in the Punjab and its dependencies for the year
1867, GOVERNMENT oF PUNJaB.

Report on the pohce administration of the Punjab and its dependencies for the year
1867-68. GOVEBNMENT oF Punias.

Report on the administration of Civil Justice in the Punjab and its dependencies
during the year 1867. GOVERNMENT OF PUNJaB.

”

”
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Puxsas.~—Selections from the records of the Government of the Punjab and its dependendies,
New Ser. No. 1. Notes on the Bunnoo district, by Major H. B.
Urmston, Deputy Commissioner. GOVERNMENT oF PuNJaB.
Salections from the records of the Government of the Punjab and its dependencies,
New Ser. No. 2. Mem. on routes from Punjab to Eastern Turkistan,
by T. D. Forsyth. Report on route to Karakash river vi¢ the Chang-
chenmoo valley and Pass, by Dr. Cayley. GoOVERNMENT oF PUNJaB.
»  Report on the Revenue Administration of the Punjab and its dependencies for
1867-68. . GOVERNMENT OF PUNJAB.

TRANSACTIONS OF SOCIETIES, &C.

Boston.—Annual report of the Trustees of the Museum of Comparative Zoology at Harvard
College in Cambridgl, together with report of the Directors, 1866.
Senate No. 52, 8vo., Boston, 1867. RUSTEES OF THE MUSEUM.

” Conditions and doings of the Boston Society of Natural History, as exhibited by
the annual reports of the Custodian, Treasurer, Librarian, and Curator

for 1867-68, 8vo., Boston, 1867-68. THE SoCIETY.
” Annusl report of the Boston Society of Natural History, 1868-69, 1, 8vo., Boston;
1868. v THR Socxmi
"” Proceedings of the Boston Society of Natural History, Vol. XI, pp. 97-486.
1866-68, 8vo., Boston, 1866-68. THE SocCIETY.

Carcurra.~Journal of the Asiatic Society of Bengal, Pt. II, No. 1, 8vo., Calcutta, 1869. .
ASIATIC SOCIETY OF BENGAL.

” Proceedings of the Asiatic Society of Bengal, Nos. 1, 2, 3, 8vo., Calcutta, 1869.
AsiaTIC SOCIETY OF BENGAL.

EpiNBUReR.—Proceedings of the Royal Society of Edinburgh, Vol. VI, No. 74, 8vo., Edin-

burgh, 1867-68. THE SOCIETY.

- Transactions of the Royal Society of Edinburgh, Vol. XXV, Pt. 1, 4to.

Edin., 1867-68. THE SoCIETY.

LavusaNNE.~—Bulletin de la Société Vaudoise des Sciences naturelles, Vol. X, No. 60, 8vo..

Lausanne, 1868. THE SocIETY.
LoNDON.—Proceedings of the Royal Society, Vol. XVII, Nos. 106-107, 8vo., London, 1868.

THE SocIETY.

“ Quarterly Journal of the Geological Society, Vol. XXIV, Pt. 4, No. 96, 8vo.,

London, 1868. THE SocCIETY.

List of the Geological Society of London, 1868, 8vo., London, 1868.
THE SocieTy.

Journal of the Society of Arts and of the Institutions in Union, Vol. XVI,
Nos. 830-835, Vol. XVII, No. 836, 8vo., London, 1868. THE SocIETY.

Memoirs of the Geological Survey of Great Britain and of the Museum of

Practical Geology. ineral Statistics of the United Kingdom of

Great Britain and Ireland for 1867, by R. Hunt, Esq., 8vo., Jondon,

1868. GEOLOGICAL SURVEY OF GREAT BRITAIN.

Moscow.—Bulletin de la Sociétd impérialé des naturalistes de Moscow, Tom. XLI, No. 1,
. 8vo., Moscow, 1868. TaE SociEry.
Paznis.~—Bulletin de la_Société Geologique de France, 2nd Ser., Tom. XXV, No. 4, 8vo.,
Paris, 1868. THE SocIETY.

PrnzaNcE.—The fifty-first, fifty-second, -third, and fifty-fourth annual reports of the
Council of the Royal Geological Society of Cornwall, 8vo., Penzance,
1868. TAR Soc1rTY.

d
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Titles of Books. Donors.
- PRILADELPHIA.—~Journal of the Franklin Institute, Vol. LVI, Nos. 4, 5, 8vo., Philadelphis,
. 1868. o  FRANEKLIN INSTITUTE.
N Proceedings of the American Philosophical Society, Vol. X, No. 77, 8vo.,
Philadelphia, 1867. THE SocIETY.
SaLEM.—Proceedings of the Essex Institute, Vol. V, Nos. 5, 6, January to June 1867, 8vo.,
Salem, 1867. THE INsTITUTE.

'ToroNTO.~The Canadian Journal of Science, Literature and History, New Ser. (Vol. XII,
No. 1), whole No. LXVII, 8vo., Toronto, 1868.
CANADIAN INSTITUTE.

VieNNa.—Jahrbuch des Oésterreichischen Alpen-vereines, Bd. IV, 8vo., Wien?1868.

Vicroria.—Geological Survey of Victoria, quarter-sheet maps, Nos. 13 N. E, 14 N. W.
and 26, S. E., with Sections, Fol. 8vo., and a pamphlet, Melbourne,
1868. GEOLOGICAL SURVEY, VICTORIA.

'WASHINGTON.—An account of the total eclipse of the sun on July 18th, 1860, as observed
near Steilacoom, Wash. Terr., 4to., Washi n, 1861.

. MITHSONIAN INSTITUTION.

» Annual report of the Board of Regents of the Smithsonian Institution,
showing the operations, expenditure, and condition of the institution

for the year 1866, 8vo., Washington, 1867. THE INSTITUTION.

. Geological Researches in China, Mongolia, and Japan during the years 1862-
’ ogl1865, by R. Pumpelly, Esq.,ng:ﬁthsonian contributions to knowledge,
202, 4to., Washington, 1866. THE INSTITUTION.
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Vor. I. Roy. 8vo., pp. 309, Plates, Maps, &c., cloth lettered. = Price 7 Rs. 8 As.
Contents. On the Coal and Iron of Cuttack.—Structure and Relations of the Talcheer Coal-
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Vor. IIL. Roy. 8vo., pp. 338, large Maps, Plates, &., cloth lettered. Price 9 Ra.
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Vor. IV Roy. 8vo., pp. 450, large Map, Plates, &c., cloth lettered. Price 8 Rs.
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RECORDS

. OF THE

GEOLOGICAL SURVEY OF INDIA.

Part 3.] 1869. [August,

PrELIMINARY NoTES ON THE GEOLOGY OF KUTcH, WESTERN INDIA, resulting from the
examination of that district, now in progress, by the Officers of the Geological Survey,
by A. B. Wynng, F. G. 8, &c.

The detailed examination of this province has been long looked forward to with interest,
as promising to cast light ul;l»on the geology of other parts of India where fossil land
plants similar to some of those occurring in Kutch have been found to characterize an
extensive group of rocks and are almost the only fossils which those rocks contain.

These plants were known to be associated in Kutch with a large number of marine
fossils, the Jurassic age of which was determinable, but the relations between the beds con-
taining forms so distinct had still to be ascertained.

With this view a hasty visit was made to the' district of Kutch by Mr. W. T. Blanford
of the Geological Survey, in 1863, and the conclusions to which his observations led appeared
in a short paper among the publications of the Survey. (Vol. VI, pt. 1.)

Except this comparatively recent paper other sources of information regarding the geology
of the country, prior to the present investigations, were almost limited to a paper by Captain,
since Major, Grant, read before the Geological Society of London in February, 1887 ; some
remarks upon it by Dr. Carter in * Geological Papers on Western India” published by the
Bombay Government in 18567 ; a record of some fossils by Colonel Sykes (Geological Society,
London), and an interesting notice in Sir Chas. Lyell's “ Principles of Geology,” describing
the effects of the earthquake of 1819, the elevation of the ¢ Allah Bund,” and submergence
of Sindree village on the Runn, north of Lukput.

Of these Captain Grant’s paper is the most detailed, but while it contains many
valuable facts, several of these seem to have been affected to distortion by geological theories,
or views, which have vanished since he wrote, and also by a misappreciation of the stratigra-
phic arrangement of the rocks. The four or five-fold sub-division adopted by him, being
natural, is correct, though the sequence was mistaken.

THE ROCES CLASSIFIED.

The following may indicate the ultimate arrangement of the larger rock-groups, some of
the newer ones being perhaps capable of further sub-division :

RECRNT AND SUB-RECENT ...

and
TERTIARY o.

traps and Intertrappean.
Upper Jurassic (P Rajmahal.)
*** { Lower Jurassic (“ Dogger,” or Middle Jurassic.)
Intrusive Traps.

[The syenite of Parkur-Nuggur, Kalinjur bill, &e., at the north-east corner of the
Runu might be added to the above as the nearest base known for the Jurassic rocks. ]

JURassIC

-~

/-
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ames of “Older and Newer Secon ary.” The traps were looked upon as almost sol
rusive masses; thejr interstratification with aqueous beds being indicated at some pl
where 1ssociation merely occurs, and at others where intrusjon between stratified aqueous rocks
takes place.

o
these the two Jurassie groups appear to have been transposed by Captain Grant u:t

n'e

LocarLity anp Featuges.

The province of Kutch lies upon the west coast of Hindustan, about 400 miles north-west
odeom‘ll)ay, between the sea-ports of Kurrachee and Surat, or the Provinces of Kattywar
and Sind.

It is bordered on one side by the Arabian Sea and Gulf of Kutch, while upon all others it
is isolated from the main lan and the Thurr or little desert, by the grand and smaller
Runns which are connected at the eastern side of the province. Its length from east to west
is much greater than its breadth,* and, including the Runn, its area is estimated as being
equal to about half that of Ireland.t

The whole province presents numerous alternations of hilly ground and open plains,
sandy when covered by the detritus of the rapidly decomposing gfx.;assic rocks, and more
earthy when underlaid by the Tertiary formation, both Passing, towards the southern coast,
into broad alluvial plains of ordinary Indian aspect. .

The hills are perhaps as often clusters as-extended in the form of ranges, though these
latter do occur ; and more or less continuous escarEments rising with the outerop of some of the
stronger beds are very frequent. A broken chaj
Runn islands of Putchum, l%hurreer and Béla to Chorar, (in the former being flanked by g
smaller range) :—another borders the Runn on the north side of Kutch Proper :—ome, u{led
the Charwar range, runs east and west to the southward of Bhooj, the capital of the province :
and there are lesser ranges in other parts of the district, with many clusters and isolated
hills frequently conical in form.

The hills of the Wagur or eastern side of the district, take no definite direction. They
are the denuded remnants of what would have been a somewhat flattened and rolling dome
shaped mass if their strata were continuous instead of having been extensively operated
upon by denudation.

There are no lofty elevations in Kutch ; that which is reputed to be the highest, namely,
Dhenodur hill, overlooking the Runn on the western side of the province giving a measure-

o ment (by Aneroid) of but 1,070 feet above the Runn ; several others, however, have elevations
not greatly less.} )

Nearly all the ranges and many of the bills are steeply scarped on the north, and pass
by gentle slopes into the plains to the south as a consequence of their structure, the beds in
general having long southerly inclinations at low an;ges from three parallel lines of disturb-
ance or dislocation which extend, 1st, from Putchum Isle to Chorar; 2nd, from Lukput, along
the south edge of the Runn, to Doodye towards Wagur; and 3rd, from near Roha to the neigh-
bourhood of Butchao, passing at the northern foot of the Charwar hills. North of these
lines, and just in their vicinity, the beds are much contorted, their highest inclinations being
always in a northerly direction.

The trap hills, particularly those formed of intrusive traps, are frequently surrounded
by precipices, or else sharply peaked; an irregular range, however, formed of, or ca; ped by,
the bedded traps, running north-west from their broadest development in the Dora near
the centre of the province out through its western half, follows the usual rule presenting
long slopes upon the dip and steep ones along the outcrop of the beds.

The northern side of the province, generally speaking, has much diversity of form, being
often picturesque, while, owing to the absence of Jjungle and prevalence of sand, its aspect is
nevertheless barren; particularly when the view lies across a parched and glaring plain edged

* According to Captain Grant the extreme length is about 180 miles, and extreme width 50.
t ' Kutch Selections,’ s collection of Papers by various British Officials, published by the Bombay Government.

$ Bince writing the above, the height of a mouutain in the Runn island of Patchum has been taken by Aneroid
and found to oxceed t{i some hundreds of feet any elevation meagured in Kutch Proper. Dhenodur hﬂ{,h not a
voleano—see payer by Mr., Blanford, above mentioned.

;“\‘;
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‘

3 bt rugged hills, beyond a bright green fabch with a few lonely palms, or other trees, near.
u

some village where wheat is Jaboriously cultivated with the aid of irrigation, and smoky clouds
of sandy dust, raised by passing cattle, are driven before the nort'ixerly blast, from which
those working at the wells shelter themselves by screens.

The peculiar bare, level and extensive plain called the Runn of Kutch is not a marsh, as
represented upon some maps. It is periodically covered by water during the rains, and left
dry, except a few patches, shortly after they have ceased ; when those lower portions on which
the water has lain the longest become strongly incrusted with salt ,—this frequently extending
as far as the eye can reach :—its dazzling surface flickering in the mirage, which magnifies or
distorts any object that may happen to be upon the horizon. The source of the salt is
probably from sea water, this being said to overflow the Runn, entering by the low ground
at the mouth of the Koree river near Lukput, and also at the head of tﬁe Gulf of Kutch,
when the sea on the coast is raised by the continued south-westerly monsoon winds.* However
this may be, the waters from Kutch itself are strongly impregnated with salt derived from
the rocks, great quaatities of which in solution must be carried out to the Runn when-
ever there is sufficient rain to fill the rivers.

Although the incrustation is not very thick, being generally from one to two and a half
inches, the quantity occurring on the Runn is enormous, and the way in which fish, insects
and such organic remains brought in by the sea or down from the land by the Bunass and
other rivers are prescrved by the salt 1s evidence of the strength of the solution, if that were
wanting.

Notwithstanding that traces of marine ‘denudation are slight and scarce along the
southern shore of the Runn,- having been probably removed by subsequent atmospheric action—
its whole aspect strongly suggests its being a gradually raised sea-bottom; a broad and
slightly elevated tract called the Bunnee, lying along its southern side between Putchum
Isle and Kutch Proper, being very possibly a bank or %ar formed by the rivers which flow
from the higher land in that direction. Over this tract coarse grass, a heathery looking tufted

_ plant and Babul trees are irregularly distributed.

Some of the results of the great earthquake by which this country was visited in 1819
are still to be seen in the fallen walls of several of the towns, in the *“ Allah Bund,”t a low
elevation, thrown up by it, which is said to have permanently arrested the southward flow of
the water of the Korec or eastern mouth of the Indus, and in the submerged village of
Sindree on its left bank; part of the ruins of the fort only being visible above the mud,
salt and water by which they are now surrounded, no other trace of the village remaining,
and the basements of the building seen being buried in the silt.

Tradition has it that this was formerly the site of a large city surrounded by villages
and fields, and to which the tidal ebb and flow reached: subseguently (from elevation of
the land probably) the river became so shoal that boats could not reach the port; the
city was in a great measurc abandoned, and another Sindrec built several miles further down
the river at a place called Sindu on the map. Here the same thing recurred, and Sindu
was deserted, a new city rising at Lukput, once an important place, but now consisting of
a few houses in one end of the walle«f in enclosure. At present boats cannot come even
50 far as this, and Lukput Bunder is at a distance of three or four miles, while the sea trade
is conducted at Kotaisir close to the old mouth of the Koree river. How far the first part
of this statement may be true is involved in considerable uncertainty, but it is said there are
records in the Duf¥cr at Bhooj which would prove the accuracy of some portions of it at
all events.

JURASSIC BOCKS.

The Jurassic rocks occupy a large portion of the northern half of the province extend-
ing through it almost from em‘f to eng, and also forming the hilly parts of the Runn islands
before mentioned. The bold scarps and rugged hills exhibit numerous fine sections, showing
lainly the structure of the country through which, notwithstanding repeated rolling undu-
tions of the beds and some very marked anticlinal flexures, many recurring southerly and

* It does not appear to what cxtent this has been proved, though [rom the aspect of part of the coast,
1t :cems likely to be the case.

1 Mound of God.
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. south-wenterly dips place the lowest beds along the north side of the district, excopt where
a great fault coinciding with the northern foot of the Charwar range causes them to re-appear
in its centre.

These lower Jurassic beds consist mainly of gray, blue, red and black shales, thick and
thin light-coloured sandstones and hard silicious tf’ , with some more calcareous varieties,
and in some places quantities of dun-colored and gray compact earthy or sandy limestone.
Pale-purple sandstones and some highly ferruginous bands also occur, the whole presenting
80 maniy varieties of color and kind that its general lithological aspect is seen to differ from
that of the uppermost Jurassic rocks, sufficiently to warrant an attempt at sub-division,
only by regarding the group as a mass and leaving details aside. The passage from the
lower beds to the upper is so gradual that no very definite boundary can be assigned between
them. Still there is a difference at the extreme ends of the series which would at once
prevent their being mistaken for each other, and which, it is supposed, led to their separation
into two groups by Captaiu Grant.

Owing to the numerous faults, undulations and the general lowness of their dip, the
thickness of this great series of Jurassic rocks is difficult to determine with accuracy, but it
has been assumegr from observations in the part of the district lying eastward of Bhooj, to
reach from 4,000 to 5,000 feet, of which measured sections of over 2,000 feet have been
made in the lower portion of the group; and there is no reason to suppese its aggregate
thickness to be less in the western side of the province. Throughout this large accumula-
tion of strata there is a marked absence of regular zones, indicating successive stages of
deposition, and while in such an assemblage of coarse sandstones and muddy shales with
frequent conglomeritic beds much constancy of lateral extension might not be looked for,
and marks of succeeding zones be probably obscure or absent, no want of material seems to
have existed to supply new or similar layers for those which may have died out. The whole
furmation, particularly in its upper beds, maintains the same characteristics of obliquely
lamninated strata alternating witE finer and more parallel deposits, all of richly varying tints,
from black to white, blue, red, orange, brown and gray, and sometimes green with a peculiar
golden oolite among the lower rocks which glistens like avanturine.

The lower beds on weathering take frequently a rusty color, and dull olive tints are com-
mon, while, where the beds are highly calcareous, a whole mountain formed of them with
rounded outlines and a whitish hue 1n sunshine looks cool, and in cloudy weather as gray
as uny granite hill. Thick bands of a warm orange sandy limestone with some red beds
occur also in the lower rocks, and many of their shales are gypseous.

The upper beds are marked by a predominance of clean white gravelly sandstone with
some blackisg ferruginous bands and white or lavender-gray, sometimes highly carbonaceous,
shale. Between these and the lower beds altermations of almost every variety of rock in
the formation occur, ranging through a vertical space equalling a third of the total thickness
if not more. Many of the beds in both groups are strongly saline.

The lowest beds are much the most fossiliferous, and the remains are chiefly marine,
including Ammonites, Pleurotomaria, Ostrea, Trigonia, Cucullea, Corbula, Gryphaa,
Modivla, Terebratula, and numbers of other bivalves, Kckinida, Crinoids, Corals, Belemnitcs,
fish teeth, reptilian bones, and fossil wood.

In one certain and one or two doubtful instances some of the upper beds of this lower
and marine series were found to contain impressions of (terrestrial) Zami in shaly bands inter-
posed between the marine shell-bearing beds. During the examination of Eastern Kutch,
the most exhaustive search that could be made failed to find any thing among the upper
rocks except these Zamie and a few other terrestrial plants, but in the west, in a few cases,
some marine fossils have been obtained from single beds occurring amongst unfossiliferous
strata of the upper portion of the rocks, but still below the uppermost (white) beds seen.

This alternation or intercalation of the marine and tTeshwater beds (presuming those
containing Zami@ to be of purely freshwater deposition) being one of the poiuts to which
attention was specially directed, it is satisfactory to have so far ascertained the fact after
many months of close scarch, even though such alternation appears to be much more limited
than was supposcd, unless it is taken for granted that the numerous fragmentary grass-like
plant remains so common in the shales and flaggy sandstones throughout the formation
ate of freshwater deposition also.  Many of these bave been searched over and over again
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without a trace of 2 Zumia leaf being found, and there seems to be no more reason for suppos-
ing them freshwater than some other beds in which ammonites occur lying among a mass of
vegetable remains, the woody fibre of which is generally distinguishable, though often
obliterated by carbonisation. ]

Such intimate association of the Zamie with marine forms has not, it is true, been dis-
covered, but nevertheless it may not be unreasonable to suppose that these plants were floated
out from land, and deposited by the sea at depths unsuited to the marine life of the period or
at localities where this was from other causes absent. As Mr. Blanford has observed in the
paper above mentioned, ‘ no sudden change in the rocks nor any unconformity has been found
to mark the transition from a salt to a freshwater period ;’ and while it is evident that land

lants may be carried out to sea, though marine organisms cannot so readily find their way
mto freshwater deposits, it is easier to believe that the whole of these salt Jurassic rocks
are of marine origin than that repeated alternation of fresh and salt water beds takes place
without any marked difference of character or aspect occurring in the rocks.

It may also be observed that though there are hut few evidently marine beds, and these
not immediately associated with Zamia-bearing rocks in the wupper part of the Jurassics
seen, still these Zamia beds contain plants only, no freshwater shells, fish, nor animal remains
occurring to contest the possibility of the containing rocks being of marine or perhaps
estuarine formation.

Great as is the thickness of the Jurassic beds, it is that only of a portion of the group
the base of which is not visible, and the upper beds being unconformably overlapped by the
Redded Trap, they may continue to increase in quantity beneath the latter nuch further than
they can be observed. There are, however, some appearances, along their uppermost boundary,
‘which may be slight indications that the Jurassic period was drawing to a close, and that
the deposition of rocks much resembling some of their upper beds ushered in the commence-
ment of the succeeding unconformable tertiary group in those places at least where this
suceession was not interrupted by the accumulation of the intervening Bedded Trap.

TraAPS.

By far the largest part of the trap rocks is referrible beyond a doubt to the
same period as the vast stratified accumulation known as the Deccan Traps. Some of the
lowest flows are very thick, presenting few or no traces of bedding for more than 100 feet,
but. further up this is as plain as all the other appearances, such as beds of red bole, alterna-
tious of amygdaloidal and columnar basaltic Hlows, presence of zeolites, and so forth, which
characterise the tormation elsewhere. The trap is sometimes magnetic, and among its lower
beds ashy sandstone or calcareous bands occasionally exist. In one place near its local
base an interstratitied bed of friable red sandstone 30 feet in thickness was observed, and in
another a small lenticular deposit of intertrappean calcareous rock containing swall fish
scales.*

The flows or beds have a low steady southerly or south-westerly inclination, forming a
wide hilly belt through the centre of more than the western half’ of the province, but their
deposition does not seem to have extended to the place occupied by the eastern extremity of
the district. The thickness of this formation is much less thau usual, being estimated at
about 2,500 feot.

Ao obscure group of earthy sandstones formed largely of trappean materials, often
indistinctly beddcf and containing woody plant impressions, occurs in several places, having
but indefinite relations to the lower part of the Bedded Traps, but resting quite uncon-
ﬁnrmsbl{ on the Jurassic rocks and often closely associated with masses of intrusive trap ncar
which also white sandstone is often strongly columnar.

Te intrusive traps—occur chiefly in the Jurassic arca, and probably mark some of the
places from which those just mentioned issued. .

They consist generally of augitic or basaltic traps varying in color (different black and
grayish hues), and in texture from a close compact rock to one coarsely crystalline, the erystals
of glassy felspar being interlaced, and the decply weathered soft light-colored surface taking

* Within the last few days information has heen obtained of the discovery by Mr. Fedden of intertrappean beas,
contaming Phyxa Prinacpic, in the western extension of the trappean formation. furnishing still further proof of
the identity of thesc with the Decean Traps.
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much the appearance of a syenite in similar condition. Fine muddy-looking or ashy trap,
weathering to an olive-green minutely divided detritus, is another variety. Some of the
dykes, &c., are of fine-grained purple colored trap, with white steatitic specks, a soft earthy
or lava-like texture, are much less dense than the varieties abovementioned, and are some-
times salt to the taste.

With regard to the manner in which all these intrusive traps occur, nothing could well be
more varied : dykes are particularly numerous in some localities; they also occur in
faults, while local intrusions form hills projecting from the plains and Jurassic broken ground,
like knots in decaying wood. In such cases, their outlines are either conical or combinations of

. this with steeply scarped forms. Some intrusions range through the country for many miles,
presenting the most irregular lines both in plan and elevation, cutting across the aqueous
strata, including large masses, intruded between them or forming hills either capped or under-
laid by the Jurassic Y)eds, or both one and the other, these being altered by the contact into
various kinds of porcelainous or quartzitic rock, while one case occurs where a whole stream
section of the aqueous rocks seems to pass by gradual intensity of alteration into solid trap
in which planes resembling the original bet{diug can be traced for some distance as if the
strata had been melted in sifu, no marked difference of texture however existing in the trap,
although the stratified rocks consist of alternations of calcareous sandy and thin shaly
bands.*

Other instances ococur in which sandstone seems to have been completely melted and
taken up by these traps ; the matrix having yielded first and the quartz fragments and grains
gradually becoming more seg:rated and disappearing until they are quite lost at a very short
distance in the dm'g trap. This can be seen in hand specimens.

Generally speaking, these large intrusions have an intricacy of arrangement forming a
tangle which defies all effort at accurate representation upon a map of swall scale, and sowme-
times their basaltic trap is so magnetic as to deprive compass bearings taken from these
points of any value, the variation being of inconstant amount. .

SUB-TERTIARY GROUP.}

As already stated, the Jurassics or Dogger beds of Kutch, consisting of a calcareous or
sandy and shaly marine series below, passes upwards into alternations of more ferruginous
and more purely argillaceous and arenaceous beds,—in which land fossils (Zamis, Ferns, &c.)
are either rare or locally numerous,—these forming what are at present considered an
upper member of the same group. At some period subsequent to the Jurassic, not clearly
marked, but arguing from local as well as distant sources of information (in the Deccan and
at Bombay), Probably an early Tertiary one, the volcanic activity which produced the Bedded
Traps came into operation. Observations here only show that traps were extensively in-
truded through the Jurassic rocks, and that other traps, very probably connected with these
as centres of eruption, constitute a thick series resting with marked unconformity upon these
Jurassic strata.

But overlying the Bedded Traps and, where these are absent, the rocks upon which they
rest, is a marked band of most peculiar aspect, having, in contact with these traps, a very
volcanic appearance, but one entircly different from theirs. Its predominaunt colors are deep
red and pure white, but it is finely varied with purple, orange, greenish, brown and black
or blue tints, even brighter and more strongly contrasted than those of the Jurassic beds.
Its lowest stratum in junction with the uppermost of the trappean flows is a curiously
mixed and mottled one, brecciated, concretionary on a large scale, in places containing
small white quartz grains, but geoerally consisting of a pure chalk-white or variegated
purple and lavender, unctuous, argillaceous, rock occasionally saline and speckled with white
kaolin patches, giving it the appearance of an amygdaloid, sometimes to such a degree that
it becomes undistinguishable from the purple trap found in several dykes among the Jurassic
rocks.

* This passage as it were of stratified into intrusive amorphous rock is so very pecnliar that it may perhaps
be deceptive. A place where the alteration of the beds ceased laterally and the trap might be said to commence was
sought for in vain, and the lines which may be, or at least simulate, original stratification apparently continuous with
those of the unaltered bedded rock cease to be traceable beyond a few yards into the trap.

+ The name Sub-Tertiary used here is only provisional. An examination of the fossils will probably cause it to
be altered for another. It merely mesns that the beds are below the highly fossiliferons Nummulitic and other
Terliary heds though above the Brdded Traps the Intertrappeun beds of which arc belicved to be of Lower

Tertiary Agc.
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Along the line of junction with the underlying Bedded Traps their uppermost layer is
very commonly a greenish amygdaloid, also more or less generally concretionary, rusty or
decomposed looking ; instances occurring in which the concretions of the mottled rock have
been found to exhibit an apparent passage towards their centres from one variety to the
other, the cores being formed of rustiy amygdaloid quite similar to that beneath. In other
cases the lowest stratum of the mottled series or uppermost one of the trap is a pale green-
ish earthy trappean looking rock, not quite so concretionary as usual, with much of the
external character of the mottled breccia, but containing yellowish green steatitic amyﬁgala.
Where these sub-tertiary beds rest on the Jurassic rocks the peculiar brecciated white bed is
seldom strongly developed, but still is frequently present.

This breccia passes upwards within greater or less distance, as the bed is thick or thin,
into gnarled and ponderous laterite of various red, black, brown and purple tints, either brec-
ciatedgzr of the brick-like character so well known elsewhere.* Its junction with the white
rock below often shows rough stalactitic looking masses of the laterite vertically penetrating
the lower bed all along the line of contact as if infiltrated from above. In the same group
are other bands of laterite and some very coarse obliquely laminated white quartzose and
ferruginous sandstone containing much of the white earth distinguishing the lower layer.
Associated with these, but not always upon the same horizon exactly, are dull purple, brown
and black, in some places highly carbonaceous, gypseous or pyritous sha.ll;e containing
- numerous impressions of large and small s and end. ¢ leaves. These occur also
. in fine flaggy pale lavender or white beds of the same group, but of uncertain place.

A ntly amo ypseous reddish shales of this group a thin band was found to
eout,n.inp p;zcio{aria, f{g’-cg, Nucula, Cyprina and Venus, which lll'e not, however, in such a
state of preservation as to warrant more than an opinion at present that they may be of
either cretaceous or eocene age, while some bones of large reptiles, including part of a skull,
have been found in very similar shales and on what seems to be very nearly the same
horizon.

Close above these some brown flaggy sandstones containing a few shark’s teeth and shells
and occasional beds of earthy orange mudstone begin to appear, and indicate the approach to
others abounding in tertiary fossils. :

The thickness of this group (the ¢ Red—? New Red-sandstone’ of Grant) varies much, from
a mere band consisting of a few beds or only one, to a maximum, in some places, of between
two and three hundred feet. Until the fossils have been examined, it is obviously difficult to
say how much of this group may be of Tertiary age, if indeed it be not entirely so. It
forms a marked basement to that series however, and where it rests upon the Jurassics without
the intervening trap, its junction very commonly apgears quite conformable, the line, however,
being almost nmpossible to see when the gypseous shales of the one group overlie those of the
other.

TERTIARY FORMATION. R

As the Tertiary rocks are still undergoing examination, they can be but slightly noticed
here, although they form a large and important feature in the geology of Kutch.

Their principal development takes plact in the southern half of the western side of
the district, where they form wide rolling plains under which the beds undulate, wrapping
round the western termination of the Jurassic and Trap formations, and appearing at intervals
along the southern shore of the Runn, on the margin of at least one of its islands, and
at a few spots in the eastern portion of the province.

They consist, as a mass, of rubbly shales interstratified with yellow mudstone bands,
and thick beds of sand or sandstone. ({wuionally the rocks become sufficiently calcareons
to be called limestone, and most of those containing fossils are highly so—an agglomeration
of shell-casts in an earthy or sandy calcareous matrix.

Among the lower beds oysters and turritella are ga.rticnlarly numerous, whole beds
being formed of the latter, and a flat echinus (clypeaster), being very common.

® At some localities in Eastern Katch the laterite is ciated with quantities of Agates both in sitx sud left
in s thisk lsyer by its weathering down, strongly recalling the appearance of some very similar gronod
similarly sitaated near the base of the tertiary rocks in Guzerat.
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At a short distance above the base of the formation, on an average not more and often
greatly less than 200 feet vertically, are soft and harder white calcareous beds crowded with
nummulites and fusciolites, the former of several kinds, and associated with them are
numerous echins, bivalves, &c.

The Nummulitic beds are generally nearly horizontal ; they produce ground of singularly
barren aspect, reminding one of the Egyptian desert, the white nummulites weathered
out lying thickly upon the surface in place of soil, and from their abounding in that neighbour-
hood being called by the native Lukput paisa.

For several miles eastward of Lukput, along the edge of the Runn, these rocks are
brought against the Jurassics by a fault, and having followed the low ground round the
western limits of Kutch they disappear for a considerable space in the country north and
north by east of Jackow, but set in again in the low lands further east.

In other parts of the low country, unoccupied by the Nummulitic group, highly fossili-
ferous tertiary rocks abound, containing a large number and great variety of genera, includ-
ing turritella, ostrea, conus, fusus, voluta, strombus, natica, trochus, oliva, cassis, certthium,
scalarium, cyprea, balanus, pecten; clypeaster, cidaris, &c.:—of crustacea, some well pre-
served crabs, besides large bones and great molar teeth, and very many other interesting
fossils, complete lists of which it is hoped will hereafter appear.

The thickness of these rocks is not yet sufficiently clear to be stated, but is considerable, °
probably exceeding 500 or from that to 800 feet. .

It seems most likely that these Tertiary beds have been deposited in shallow water
under shore conditions and subject to causes producing great irregularity of deposition. The
occurrence of leaf beds in the group ﬁfqeats the case of the Jurassic beds with regard to the
alternation of fresh and salt water periods, and among the upper beds the predominance of
sands almost devoid of organic remains indicates a different state of things from that under
which the highly fossiliferous strata accumulated.

PosT-TERTIARY.

In several places a coarse concrete is found containing numerous fossil oystors, generally
of large size. It appears to rest unconformably upon the Tertim? rocks, and may be an
old member of the coast series or “littoral concrete” of Western India.

Other post-tertiary and superficial deposits, such as alluvium, blown sand, river concrete,
and a rock much resembling the latter, found high upon the uanks of many of the hills,
have merely to be mentioned, their occurrence here being in all respects similar to that
in other localities. : .

Coal is often mentioned as occurring in Kutch. Carbonaceous shales have been met with
in several places both in the Jurassic and Tertiary rocks, but chiefly in the former, and
these sometimes contain layers of bright coal. This is usually very thin, forming but small
parts of the bands quite too limited in thickness and extent (so far as known) to repay the
cost of working.

The largest layer, opened upon formerly at the village of Trombow, north-north-east of
Bhooj, is now concealed by the workings having fallen in.

Alum is extracted in considerable quantities from the sub-tertiary shales of Western
Kutch.

Iron used to be made in various parts of the province, but the manufacture has ceased
;n consequence of the facility with which Foreign iron can be obtained.

In conclusion, it remains only to be stated that several points of interest necessarily
passed over in this hasty sketch have been reserved for suE:equent consideration in the
report to accompany the map, data for which are still being collected.

Amongst these are some facts tending to afford further proof of the association of
aqueous deposits with the earliest beds of the Stratified Trap, and also indications that their
highest flows or beds were not much older than the lowest Tertiary rocks, if indeed some of
them were not contemporaneous.
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The occurrence here of the persistent and well-marked band of laterite and its associ-
ated white clay or steatitic breccia, passing conformably upwards into the Tertiary beds, and
less regularly, but still with an appearance of transition, into some of the bedded traps
below, thou%h differing from certain of the facts observed in the country north-east of Surat,
may possibly modify some of the conclusions with regard to the more obscure occurrence
of the same three groups, s. e., the bedded traps, lateritic beds, and Tertiary rocks of
Guzerat, or may, at least, confirm the impression of the volcanic activity which produced
the bedded traps dating from early Tertiary times.

If, in the absence of fossils, lithological similarity be admitted as evidence, it may be
possible that some of the white felspathic sandstones, considered as Upper Jurassic, overlying
the Zamia-beds of Kutch, may represent some of the frequently similar looking Mahadeva
or Bagh beds of Central India and the Nerbudda Valley.

The evidence for a Jurassic age comes chiefly from the lower part of the series, which
is certainly marfhe so far, and the occurrence therein of a band of shale containing Zamie
may bear the explanation before suggested, but at present the discussion of these points is
almost premature.

April, 1869,

Much interest having been excited in the history of the Nicobar Islands, which have
recently been taken possession of in the name of Her Majesty the Queen of England, I have
thought it desirable to print here a brief summnr{ of all that is known regarding their
geological structure. is could most effectively be done, by giving a translation of the
reports of Dr. F. v. Hochstetter, who accompanied the Austrian ‘ Novara’ expedition as
geologist. Dr. Stoliczka, long a colleague and friend of Hochstetter's, has translated this
report. The geological portion is given nearly at full. The part relating to the vegetation
and its connection with the soils, however interesting to those who have never seen a tropical
vegetation, contains little that would be new to residents in this country; and only a few
extracts are given. A few remarks on springs and temperature conclude the paper.

The geology of the Nicobars has many points of the highest interest to the Indian geo-
logist, as bearing on the structure of the adjoining Andamans, and the continuation of the
same features into Burmah and northwards, on which connection some information will be
given in future numbers. T. 0.

CONTRIBUTIONS %0 the GEOLOGY AND PHYSICAL GROGEAPHY OF THE NICOBAR ISLANDS,
by Dz. F. voN HOCHSTETTER, ({ranslated by Dr. F: StoLICZEA, from the “ Voyage
of the Austrian Frigate NovaRra round the world in 1857-1859.” Geological part,

ad vol., pp. 83-112. Vienna, 1866).

The Nicobar islands (Pl. 3.) belong to an area of elevation which can be traced from the
Bay of Bengal far into the southern seas. Beginning under the 18th degree north latitude in
the group of the Cheduba and Reguain islands on the coast of Arracan, passing through the
Andamans and Nicobars, then continuing ‘through Java, Sumatra, and the south-western
up of the Sunda islands, this line of elevation bends in an oblique S-form through
ew Guinea, to the north of the Australian continent, and forms in New Ireland, ‘;ie
Solomon Islands, New Hebrides and New Zealand a curve, concave towards the west, the small
group of the Macguarie islands being possibly considered as the extreme southern end of
this curve. Winding from the northern into the southern hemisphere through 70 degrees of
latitude, this line, or ares, is characterized as one of elevation by two phenomena, totally
different in their nature, but nevertheless egunlly rand, and in certain respects related to each
other. These phenomena are, first, the activity o? the interior of the earth, showing itself in
the volcanic action ; and secondly, the activity of the coralline animals, disclosing itself in the
formation of that kind of comf reefs which Darwin has distinguished from the barrier or
lagoon reefs under the name of fringing or coast reefs.

Both phenoniena, the volcanic action with its clovnto&power, and the formation of
coast reefs, are, in certain respects, related to each other, as has been placed beyond a doubt ‘
by Darwin's obscrvations, although both do not appear together along all parts of this arca.

2
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In the southern extra-tropical latitudes, where coralline life does not exist on that large scale,
the volcanic action is the only marked one, and equally so in tropical latitudes to the north of
the equator,—where that action is locally wanting,—the peculiar formation of coral reefs must
be considered as the principal argument for the continuation of this line of elevation. This
is the case at the Nicobar islands.

These islands occupy a gap without voleanoes, between the volcanic range of Sumatra,
and the Barren and Narcondam islands, which lie to the east of the Andamans.

Whatever may be hidden in the interior of the Nicobar islands, covered with perfectly
impenetrable primeval forests and grassy plains, the occurrence of younger volcanic rocks 1s
the least probable. Although I have found on the north side of Car-Nicobar, the northern-
most of the islands, two pieces of a porous basaltic rock, the size of a man’s hand, in a
coarse gravel in the forest near the village Mus, and a larger angular fragment in the coral
sand on the strand near the village Saui, still there is more reason to believe that these
fragments were transported to the coast of Car-Nicobar in the roots offstranded trees,®
or even that they were remains from the travelling bags of the Danish naturalists of the
Corvette Galathea,—who in 1846, shortly before.they landed on Car-Nicobar, visited the
volcanic Barren island,—than that they came from the interior of the island. I have in
vain searched for similar pieces in the stream-and river-gravels of Car-Nicobar, and T
have not met with them on any of the other islands on which we landed.

On the other hand, the Nicobar islands are distinctly characterized as a portion of the
chain of oceanic elevations, which began in former geological periods and still continues, by
the upheaved coral banks and by the continuous formation of coral reefs, which slowly, but
§nhtl:l¢; course of hundreds and thousands of years perceptibly, enlarge the territory of the
islands.

The Austral-Asiatic area of elevation, above indicated in its entire extent, has in the
Nicobars a mean direction to north-20°-west or from south-south-east to north-north-west,
possessing a length of 148 Engl. (=37 Ger. gcogr.) miles, and a width of 16 Engl. (=4 geogr.)
miles. This direction indicates at the same time the strike of the strata on all the islands,
while the dip is either towards east or west. The synclinals and anticlinals in the geological
structure of the islands are thus coincident with the direction of the great geological line of
gl;avaé.ion which connects the northern point of Sumatra with the group of the Andaman
islands.

The total area of all the islands is calculated to be 33 to 34 German (geogr.) squaro
miles (equal to about 528—544 Engl.).

1.—Geological Formations.

¢
To render properly intelligible the results which will be given in the following pages, I
may be permitted to make a few preliminary remarks.

It is at 1i»rcsent extremely difficult to make any detailed geological observations on
the Nicobar islands. One is limited to the sea coast, as impenetrable forests and grassy
plains make the interior of the islands perfectly inaccessible and hide the rocks. On
the northern smaller island, this circumstance is of less importance, because the extent of
the rocks through the whole island can easily be ascertained, as soon as it is possible to
observe them on two opposite sides of the coast in the same stratigraphical relation. The
case is different with the southern larger islands. Sambelong or Great Nicobar has an
area of 17§ geographical square miles, and is larger than all the other islands put together ;
it offers in the mountain ranges (vising up to 2,000 feet), and decp valleys, such a variety
in the configuration of the ground, that it is impossible to suppose that what is to be
secn on one or the other point at the coast should be characteristic for the whole island.
The mouths of rivers being generally occupied by mangrove swamps, it is even impossible
to come to any conclusions from gravels as to the rock which is to be found in the interior.
But even on the coast there are great obstacles to geological investigation. Wherever the
inquiring eye of the geologist observes promising cliﬂ%, there breakers make it generally
impossiblo to land, and where landing can be effected, we usually meet only a flat coast.

® Chamisso mentions the transport of stones iu the roots of stranded trees on the Rudek group, and Darwin gives
a similar example from the Kieling islauds.  (Darwin’s natural history travels, part 1J, p. 242).
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Thus one is limited in his observations to the few points, where during low water it becomes

racticable to reach from the sandy shore some rocky promontory; and even under the
Eest circumstances I was always restricted to that part of the coast on which the frigate
anchored, for no amount of promises and offers could induce the natives to undertake longer
trips with their canoes, neither was it possible to obtain a boat from the frigate at my
disposal. I h that other geologists, who may in future visit these islands, will be more
successful in this respect.

My observations were therefore confined to the following places :—

1. North-western coast of Car-Nicobar.—A low precipitous coast accessible along
its entire extent. Thick clay beds, with some more solid strata of sandstone, containin
Fucoids, are on this coast overlaid by upheaved coral banks (coral conglomerate and coral
sandstone) ; these are in some places still in direct communication with living coast reefs.

2. Southerp Bay of Car-Nicobar.—Flat coral ground with fringing reefs, and at
the breakers banks of a recent sandstone.

8. Novara Bay on the west coast of Tillangchong.—Precipitously rising cliffs of
serpentine and gabbro conglomerate ; at the breakers’ coast reefs.

4. Channel between Camorta and Nancowry, or the Nancowry Haven.—A deep
transverse cleft through yellow clay-marls containing magnesia, alternating with beds of ser-
pentine and gabbro traps, and pierced through by serpentine and gabbro. A long stretching
coral reef formation exists in the channel, but coral ground is very limited.

5. The small islands T'rice and Track, north of Little Nicobar; precipitously
upheaved ; clayey sandstone beds with imbedded pieces of bituminous brown coar; coral and
conglomerate banks and fringing reefs.

6. Pulo Milu.—A small island on the north side of Little Nicobar, consisting of
strongly raised sandstone beds, with flat coral ground, fresh water alluvium, and fringing
reefs round the whole island.

7. Island Kondul on the north side of Great N icobér.—Sundswne, sandy slates,
and beds of clay-marl alternating with each other, flat coral ground of very limited extent,
fresh water alluvium, and fringing reefs.

8. A small bay on the northern coast of Great Nicobar.—Sandstone hills, salt-and
brackish-water swamps. :

9. East side of the southern bay (Galathea Bay) of Great Nicobar, in which
flows the Galathea river; sandstone mountains; flat coral ground, coral and conglomerate
formation at the level of the breakers, fringing reefs; pebbles of bituminous coal on the strand.

These places are, with the exception of Car-Nicobar, the same as were seen by the
Danish geologist Dr. Rink, accompanying the expedition of the Danish Corvette Galathea
in 1846, and were, beside many others in the Archipelago, visited by him during a stay
of four months, described in a special work.#*

As to scientific inquiry, I left the Nicobars quite unsatisfied in spite of the comparatively
long time of one month which we spent in their waters ; I know well how little my own obser-
vations increase the geological knowledge of the islands, for which we are indebted to Dr. Rink ;
for just the grandest objects, the islands Terressa, Little and Great Nicobar remained
for me totally a terra incognita. But I am conscious to have done every thing that it was
possible to do under the circumstances, and in this point of view the few observations 1 can
offer must be criticised.

Car-Nicobaris a low island, the average height of which above the level of the sea
amounts to about 45 feet; only two ridges, which may be from 180 to 200 feet high, rise in
the interior above the forest covering nearly the whole island. The west, south, and east,
coasts are flat and sandy, and the north-west and south-east monsoons accumulate upon
them gradually higher and higher fragments of corals and shells, which pass over the
fﬁn{:g reefs surrounding the whole island. The south coast is in part swampy, only the
northern or rather the north-western coast, forming the shore of the bay of 8aui, is precipitous,
sllowing a view of the geological structure of the island ; the section of this coast is given

"* Die Nikobarischen Inseln, eine geographische Skizze, mit specieller Betuchsichtizung der Geognosie,

Kopenhagey, 1547 (The Nicobar islands, a geographical sketch with special reference tu geologv)
’ .
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in the sketch Pl. 4. Fig. 1.—Eastern shore of the Bay of Saui. 1, Loose coral and shell-
sand: 2, Dead coral-banks: 3, Indurated rock-beds of dead corals and shell-sand : 4, Plas-
tic-clay with bands of sandstone.—

The eastern shore of the bay gradually rises from north towards south up to a height of’
about 60 feet, and includes two small lateral bays ig which massive banks of a gray clay crop
out below upheaved coral banks which form the projecting corners of the cliff. It is very
characteristic that the boundary of the «calcareous and clay strata on the surface of the coast
terrace is at the same time a sharp limit of vegetation, inasmuch as on the cluyey ground the
cocoa-palm is replaced by Pandanus, Casuarina and grass, forming locally quite extensive

assy plains. e clay deposits, without any distinct stratification, show a cubical cleavage.

he prevailing color is light-gray, only single bands are darker colored, others are ferru-
ginous, contmning8 numerous clay-ironstone nodules. The clay is a little calcareous, effer-
vescing with acids. In the southern lateral bay also appears between the clay beds a
more solid stratum from two to three feet thick, and from its projecting part larger
and smaller plates are broken off.~ On one of these plates I observed the impression
of a large species of Fucus (Chondrites Nikobarensis, Hochst.) The strike of the strata
is from south-south-east to north-north-west in both bays, the greatest thickness observable
in the strata amounts to 20 or 30 feet. This clay deposit on the northern coast of Car-
Nicobar is characterised as a marine formation by the numerous Fbraminifera which it
contains, but I did not succeed in finding any recognizable remains of Mollusca, except
indistinct and badly preserved bivalves (Pelecypoda).*

Farther towards the south, the clay beds again sink under the level of the sea, and in their
place again appear coral banks, the precipitous coast becoming constantly higher, but at the
same time gradually more inaccessible. On this coast the sea has washed out deep hollows,
and the coral-banks are overlaid by massive banks of a white rock consisting of shell and coral
sand, and being rather soft on the weathered surface. On the Areca river, in the innermost
corner of the bay of Saui, the plateau of about 60 feet rapidly terminates with a fault, and
the southern shore of the bay only exhibits a flat sandy strand richly overgrown with cocoa
trees, being at the same time thickly populated. Judging from a few lumps in the
gmvel which T found on the northern as well as on the southern side, I conclude that there
1s somewhere in the interior of the island a gray fine-grained sandstone with little flakes
of white mica and also a compact limestone sz situ. The natives use the sandstone from the
gravels as grinding stones.

Batty Malve is a small rocky island with precipitous shores all round. It rises on the
south-eastern and eastern side in two terraces to about 150 feet. On the western and north-
western side, it runs into a low flat cliff; judging from a distance of two or three nautical
miles—we did not come nearer—the island is inaccessible. The extreme shore seemed to be
covered with grass only, the interior was a low jungle, the crown of cocoa-palm being here
and there visible at its margin. Only opposite Car-Nicobar can the island give an
impression of a “ relatively bare rock,” as Steen Billet says.—The rocks to be found on the
island are most probably the same as those of Car-Nicobar.

Tillangchong,situated opposite Car-Nicobar, is a narrow mountainous island with
precipitous cliffs, stretchini from north-west towards south-east; it consists of two ragged
mountain ranges separated by a depression of only 80 feet in depth. Where, on the south-east
side, both ranges meet, a deep bay 1s formed, which during the north-west monsoon offers an
excellent place for anchorage. e less precipitous south-western coast is accompanied by a
few rocky cliffs, while the north-eastern coast 18 highly precipitous all along the shore. o
highest hills are situated in the northern part of tie xsll;md, apparently rising to an elevation
of ubout 500 feet. Serpentine and gabbro form no doubt the great mass of the island.—Pl. 4,
Fig. 2.—South-east coast of Tillanchong. 1, Coral-rocks; 2, Serpentine and Gabbro; 3,
Breccia; 4, Sharply elevated rock-beds.—

. In the small bay on the south-western coast, the Novara bay, in which the frigate was
lying at anchor for a few hours, the irregular and clitfed-like shores are composed of common

b I;r 'l‘I':(e %ecﬁription o{l the very :f" {eserved Fm;qu &31;1 the tl.}:;cv.v-e dewribe(} (;‘l;geyibeg:' Y:.l:n nndm:lk‘m
y Dr. K. Schwager. is very valuable paper e en to chap! cO| and for
farther results T here refer to tl;l’ls paper. paper,m oep per o N o,

t Captain Steen Bille was Comnmander of the Danish ship Galathea.—T. O.
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serpentine, often traversed with veins of hornstone, and the same is the case with the thickly
wooded mountain slopes, as far as could be observed in the small rocky beds of streams.
The shore exhibited a very great variety in the color of the serpentine, jasper and hornstone

bbles : besides these, however, there were noticed also numerous pebbles of a dark green
sfalhgerock, which must no doubt be ingsitu somewhere on the same coast at no great
distance.

From the angular fragments of serpentine and other masses in the course of decom-
position, a ferruginous breccia is formed at the foot of the hills, while in the breakers the
serpentine gravels are being cemented by coral and shelly sand forming solid sandstone and
conglomerate banks which recall the Verde-antique, (Opbhicalcite). The plateau of the coast-
reefs extends 2 to 300 feet from the precipitous shore into the sea. The whole of the island
was covered with thick primeval forest which thrives well, even on the serpentine ground.

In passinti along there were observed on the southern part of the island and on the
eastern coast thin-bedded rocks with a high dip; these were in massive cliffs almost perpen-
dicular in the south-eastern bay with a columnar structure; their true nature remained,
however, unknown to me, for I was unfortunately obliged to use the telescope in place of the
geological hammer.

Camorta, Trinkut, Nancowry with Katchall form the middle group of the
Nicobarislands. Trinkut is situated in front of the eastern entrance of a channel between
Camorta and Nancowry ; it is a low island surrounded by coral reefs, and on its southern
coast whitish-yellow argillaceous marls crop out. Camortaand Nancowry exhibita greater
variety of formation.—Pl. 4, Fig. 8.—Sections of Camorta and Trinkut. 1, Gabbro and
Serpentine; 2, Breccia and tufa; 3, Clay marl with sandy beds; 4, Coral-rocks.—The
channel between the two islands, the Nancowry haven, has numerous small bays and
corresponds with a transverse cleft, while the Trinkut channel is a longitudinal cleft. The
precipitous shores of the former offer, therefore, the most instructive geological section.

The narrow western entrance to the Nancowry channel is marked by two projecting
rocks, which have been washed out by the force of the waves, making thus a natlms gateway
of rocks. Both cliffs rising almost perpendicularly to about 80 feet, are formed of a coarse
breccia, composed of angular fragments of serpentine and gabbro* firmly cemented. I could
not observe any stratification in this rock on the Camorta side; it is here in cliffs with large
quadrangular blocks. On the Nancowry side, however, coarser bands alternate with finer
tufa-like ones, with a strike from south-south-east to north-north-west and dipping about 85
degrees towards west. On the Camorta side, there crop out at two places below heaps of
masses of rocks, which Rink very properly regarded as friction-breccias, cliffs of a more
or less serpentine or gabbro-like massive rocg.

Among the pebbles on the strand, I also met with numerous fi ents of a reddish-
brown rock traversed by white calcite veins, the rock which Rink called Eurite.

These phenomena at the western entrance to the Nancowry-haven are thus perfectly
identical with those which Rink has observed at the entrance of the Ulala bay, situated only
a few miles to the north; they are represented (l. c. p. 68) by Rink in a section. Further
to the north the mostly bare hillz on the west coast of Camorta, recalling by their external
shape conical volcanic forms, attain a height of from 4 to 500 feet; they no doubt indicate
the further extension of the serpentine and gabbro-rocks, which on Camorta and Nancowry
are traversed from south-south-east to north-north-west by a longitudinal cleft.

In the interior of the Nancowry haven, wherever the rocks are exposed on the project-
ing angles, they appear to be well-bedded, whitish-yellow, clayey marls, alternating with
banks of a fine-grained sandstone, with serpentine and gabbro tufas.

Most instructive in this respect is the precipitous south-eastern corner of Camorta at
which the coast line bends into the Trinkut channel. The argillaceous marl formation is
here well exposed in cliffs of from 30 to 80 feet high. On the southern side of the corner
the transverse section of the strata can be observed, ipﬁing at 25° to 30° towards west, while
on the eastern side, parallel to the longitudinal break, the beds crop out horizontally one
above the other. The argillaceous marl does not contain fossils, is of a yellowish white color,

* Gabbro is a rock composed of diallage, smaragdite or hypersthene with labradorite or saussurite, and often

some other minerals in an irregular mixture,
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and on the perpendicular walls it was covered with inch-long, white, very thin, crystals of a
silky lustre. The examination of these showed them to be sulphate of magnesia. The
clay itself contains, according to Rink’s analysis, besides silicate of alumina, iron-oxide
and magnesia.

The whitish-yellow clay marls of Camorta and Nancowry being entirely free of lime
have become famous since Professor Ehrenberg (Berl. Akad. Monatsberichte 1850, p. 476), by
an examination of the samples brought by Dr. Rink, has shown that they are true lgol_ycistina-
marls, like those of the Earbados. Ehrenberg discovered in 1848 about 300 species, which
were by Professor Forbes believed to belong to miocene (tertiary) deposits. Ehrenberg says :
“ Especially well developed is this material on Camorta, where, near Frederickshaven, a
hill feet high is covered all over with variegated Polycistina-clay, while the Mongkata
hills on the eastern side of the island are according to Rink entirely composed of a wgitish-
clay resembling meerschaum ; this is, according to my analysis, a nearly pure agglomerate
of beautiful Polycistina and their fragments, beside numerous Spongiolites.”® The species of
Polyeistina on the Nicobars are, according to Ehrenberg, the same which com the
simil?r marl on the Barbados, situated in nearly the same latitude ; but there are some
new forms.

Near the level of the sea, the clay marls, which locally contain angular fragments of
serpentine and gabbro, alternate with more solid strata of a psephitic rock, which is com-
B:sed of strongly-cemented angular fragments of serpentine mgs gabbro, and can therefore

best designated as gabbro-tufa. It is remarkable that this rock again includes larger
and smaller pieces of the clay marl. On the eastern coast, near the village Inaka (Enaca)
a reddish micaceous sandstone appears between the clay marls.

Similar are the geological conditions on the northern coast of Nancowry. Between the
villages Indiang and Malacca, the whitish-yellow clay marls crop out in slightly inclined
strata ; between Malacca and Injaong, however, lies a precipitous cliff, on which these strata
rise almost perpendicular, and are gradually replaced by an accumulation of fragments of
serpentine and gabbro. At the projecting corner itself, the traveller faces a precipitous
cliff of about 60 feet in height, but being cracked and decomposed, the true nature of
the rock is recognised with difficulty. On a fresh fracture, however, one soon observes a
massive diallage rock, the laminar diallage being clearly traceable in the nearly solid mass
of felspar. Narrow veins of quartz pass through the rock.

From here up to the village Injdong the strand is again flatter, and nowhere nearer
than on the other side of the village high, dark-colored, rocks are a second time visible,
indicating a massive rock. These are the two places which Rink also has marked on his
maps as plutonic rocks.

Trice and Track.—On the north-western point of the small island Trice, highly up-
heaved banks of a fine-grained argillaceous sandstone of a greenish-grey color form a
low precipitous shore. The same stratified rocks alternate with thin-bedded sandy slates,
showing on the south-eastern coast margin of the small island Track, only a few cables
length distant, the accompanying section. PlL 4, Fig. 4. Besides a fault, the strata form
a saddle and strike from south-south-east to north-north-west. In a sandstone bank I found
here imbedded a rolled fragment of a bituminous coal, the same of which 1 met with a larger
but equally rolled fragment on the strand of the island Trice. Of coal seams there was, how-
ever, no trace to be detected ; what might be mistaken for them from a distance was only the
shadow of softer sandstone banks deeply weathered out, or the darker color of some strata.

Pulo Milu.—A small island on the northern coast of Little Nicobar, which Dr.
Rink has so excellently described in all its peculiarities, consists, in the higher parts, of a grey,
fine-grained, micaceous and calcareous sandstone in massive banks. Very often spheroidal
concretions are to be observed showing on the soft weathered surface like cannon balls. No
trace of fossils could be found. The massive banks have thin-bedded sandy slates interstra-
tified. The strata strike from south-south-east to north-north-west, dippin% to east at
an g;glle of 45 degrees. Dr. Rink (loc. cit, p. 50) mentions a fossil resin in the sandstone
of Milu.

* The result of examination of a Nancowry specimen is figured on Plate XXXV! of Ebrenberg's * Mikro-
geologie,”
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Pulo Milu was particularly instructive for me, because the dependence of the vegetation
on the =oil and its geological basis could be perfectly well recognised. The vegetation and
the geological formation of the ground stand in the closest relation to each other, as clearly
shown by the accompanying sketch plan. The sandstone hills are covered with jungle; the
coral (miareous) ground with high forest frees; the saline, calcareous, sandy ground is occu-
pied by cocoa-palms, and in the fresh water swamp on the declivity of the hill range, which
resembles in its curve a horse shoe, thrives the finest forest of Pandanus which we have seen
on the Nicobar Islands.—Pl. 4, Fig. 5. Plan of the island of Pulo Milu. 1, Sandstone
with bushy forest; 2, Coral conglomerate, with high tree forest; 3, Coral and shell sand, with
forest of cocoa-nut trees; 4, Coast reefs; 5, Fresh water alluvium, with forest of Pandanus.
Pl 4, Fig. 6, Section of same island on line A. B. Fig. 5.

‘We have not visited the coast of Little Nicobar, the mountains of which rise to 1,000
feet elevation above the sea.

Kondul—between Little and Great Nicobar,—consists of a hilly ridge, 1} nautical
miles long and  mile broad ; its strata strike north-north-west., and dip at 70° towards east.
The western side is the precipitous one. The strata represent an alternation of more or less
sandy or clayey beds. The sandstonc’predominates, yellowish-white, with ferruginous
reddish-brown particles. The clayey beds partly consist of a greasy plastic clay, partly of a
crumbling yellowish clay marl, witﬁ itercalated thin-bedded sandy slates. The only organic
remains which I found were indistinct traces of 4lge and small rolled fragments of coal.

Great Nicobar.—What shall I report of Great Nicobar? With the exception of
some sandstone Lills on the northern coast, and the sandstone ranges on the eastern side of the
Galathea Bay in the south, I have not seen anything. Great Nicobar, with its moun-
tains rising up to 2,000 feet, is geologically quite a Zerra incognita. )

A very remarkable earthquake, which is said to have lasted from the 31st of October to
the 5th December, 1847, on the Nicobar Islands, at which time also earthquakes occurred in
the middle and western part of Java, is described from the Penang Gazette in Junghuhn's
Java (part 1I, p. 940). On this occasion fire is said to have been seen on one of the
mountains of Great Nicobar.

Can the highest mountain of Great Nicobar be 4 volcano? Its form is that of a volcano,
but as Junghuhn says that one could land on the southern coast of Java, wander about many
days among sandstone and slate rocks, without obtaining through any of the phenomena
even a trace of the stupendous volcanic nature of Java; in the same way there may be in
the interior of Great Nicobar, rock-formations hidden, of which one does not get an idea
along the coast. However, I do not attach any importance to the rumour that fire has been
seen on Great Nicobar, though the desctiption of the earthquake seems trustworthy,
as I had myself occasion to observe on Kondul the mountain-slips referred to in the account.

These few observations, combined with those of Dr. Rink, give us the following, though
probably still very imperfect, idea of the geological nature of the Nicobar Islands.

Among the’ various geological formations on the Nicobar Islands, zhree are the most
important :—1, An eruptive serpentine and gabbro formation ; 2, Marine deposits, probabl.
of a younger tertiary age, consisting of sandstone, slates, clay marls and plastic clay ; 3{
Recent coral reef formations.

The serpentine and gabbro formation of the Nicobars is characteristically of an erup-
tive nature. The tertiary sandstones, slates and clay-marls appear forcibly broken through ;
their strata are partly inclined, partly bent in flat, parallel, wave-like, undulations. These
rocks are accompanied by coarser and finer breccias composed of angular fragments of these
same rocks, ans&they can partly be regarded as friction-breccias, partly as sedimentary
tufas in which beds of an argillaceous marl are interstratified. The eruption of these plutonic
masses appears, therefore, to fall in a time when the formation of the marine deposits was
partially completed, partially still in progress. They broke through, on lines of fracture of which
the principal strike from south-south-cast to north-north-west agrees with the longitudinal ex-
tension of the islands. On the middle islands, the serpentine and gabbro attain their greatest
development ; on Tillangehong, Terressa, Bompoka, Camorta and Nancowry they
form bare hill-ranges of from 2,500 feet elevation, and their configuration often marvellously
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resembles those of younger volcanic formations. The clevatory power has, however, acted
most strongly on the southern islands, and has here upheaved sandstones and slates probably
to heights of 1,500 to 2,000 feet above the level of the sea; on the low northern islands
the same power was, on the contrary, weakest.

With regard to the sedimentary deposits, I may state that Rink called the argillaceous
deposits of the northern islands “older alluvium,” and the sandstones and slates of the
southern islands “brown-coal formation.” In separating them from each other, he considers
the former as being derived from plutonic rocks through chemical and mechanical decom-

ition, and as only of a local character. According to this the archipelago of the Nicobars
18 divided by him into two geologically different groups,—an opinion with which I cannot

agree.

The clays and clay-marl formations of the northern islands, Car-Nicobar, Teressa,
Bompoka, Camorta, Trinkut, Nancowry, and the sandstones and slates of the southern
islands, Katchall, Little and Great Nicobar, appear to be only petrographically different
products of one and the same Feriod of deposition. There are at the same time very few
materials from which the age of the marine formations could be determined, as the only fossil
remains which have been found in their strata are fragments of drif¥ wood changed to brown
coal, plant impressions resembling Fucoids, Foraminifera and Polycistine. But all these
remains indicate more or less distinctly a young tertiary age.

The same conclusions are derived from a comparison with the geological conditions of
those islands which lie on the same line of elevation as the Nicobars; frefer especially to
Sumatra and Java.

I have not the least doubt that the clay-marl and sandstone formation has its perfect
analogue among the tertiary deposits of Java, which I had mysclf the opportunity of studying
and comparing in their distribution and lithological character. These became first known
through the ﬁte Fr. Junghuhn, whose researches on the physical geography of Java are
of such merit. :

According to Junghuhn, one-fifth of the surface ground of Java is alluvial soil. This
is especially prevalent on the northern side of the island, extending from the coast inwards
either one, or sometimes five to ten English miles ; one-fifth of the island consists of volcanic
cones, and their immediate vicinity where the lower rocks are covered up by volcanic products.
These conical hills chiefly occupi the interior of the island, sometimes in a dougle range
stretching from" west to east; while three-fifths of the area are occupied by tertiary rocks.
Either in flat protuberances or in clod-like elevations, these tertiary rocks surround the
volcanic range always on two sides, on the southern as well as on the northern. On the
northern side, the less highly upheaved tertiary strata underlie the alluvium, and therefore
occupy on the surface a small area. Inanunequally greater degree, the tertiary deposits are
developed on the southern side of the volcano, both as regards height and horizontal
extent. They are mostly visible split in clods (schollen) which always rise higher towards
one side,—the north, or towards the volcanoes,—and are at their highest edge upheaved to 2,
3 and even to 4 thousand feet. It is also principally on the southern side that plutonic rocks
occur in the neptunian deposits of Java, which are occasionally only represented by narrow
and sharply defined veins, without any influence upon the structure and configuration of tire
surface; sometimes, however, they form small hill ranges or isolated hills, similar to the
serpentines and gabbros of the Nicobar islands.

According to the reports of the Dutch Mining Engineer, Huguenin,* a repetition of
the geological formations of the Nicobars appears to be met with in the T'iletuEBay (the
southern lateral bay of the Wynkoop Bay on the southern coast of J avag. The prevalent
formations here are sandstone-conglomerate and highly developed greenstone-breccias, besides
plutonic rocks of the greenstone group. From specimens which I had an opportunity of
seeing in the local collection at Beutenzorg, I found that these plutonic rocks are serpentines,
gabbros and aphanites, exactly similar to those of the Nicobars. Equally ideutica?ippe;rs
to be the cbaﬁ(-whitxa clay-marl in the middle portion of Bantan, and the fine white marls
in the southern portion of Tjidamar, mentioned by Junghuhn (loc. cit., p. 13), with those
occurring on the Nicobar islands.

¢ Naturkundige Tijdschrift voor Nederlandisch Indie, Theil X1I, p, 110, 1856,
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At the time of my stay in Java (1858), and from all I could find described, as well as
from my own observation, I came to the conclusion that in the tertiary deposits of Java two
principal groups can be distinguished, setting aside the limestone formation, the proper place
of which in the system of Javanese deposits is as yet doubtful:* 1. A lower coal-bearing
growp : numerous workable seams of brown coal are imbedded in quartzose non-calcareous
sandstone and slate-clay with silicified stems of trees; marine shells are very rare, or absent.
To this I referred the coal seams discovered by Junghuhn in the south-western part of Java,
as also the coal formation on the Kapuas river in West Borneo, and the extensive coal
districts in Southern and Eastern Borneo, finally the coal of Benkulen (Bencoolen) on
Sumatra, and numerous other similar deposits scattered over the Indian Archipelago. 2.
An_upper group without coal: a clay and sandstone formation with plastic clay-slates,
argillaceous marls, calcareous sandstone, trachytic tufas, breccias and conglomerates, rich in
marine shells, fossil plants, fossil resin, but merely with nests of coal in place of coal seams.

Reasons, which I have given elsewhere,t have induced me to regard this complex group
of strata as probably of Eocene age. This opinion may even now stand as regards the lower
f{roup, while as regards the upper group, I gladly accept the opinion of my friend Baron v.

ichthofen, and the conclusions derived by H. M. Jenkins,{ from which these fossiliferous
deposits appear to be younger Miocene.

I suspect that to this upper Miocene group correspond the tertiary deposits of the
Nicobars, although fossils confirming this suggestion have yet to be discovered. It is
also beyond doubt‘:%hat. thesc deposits are not wanting on Sumatra, in certain respects a
connecting link between Java and the Nicobars. Junghuhn (loc. cit., p. 8) justly remarks :
* The tertiary formation appears to have a sub-marine extent over the whole of the Indian
Archipelago, because wherever within this Archipelago the earth’s surface rises above the
level of the sea, this neptunian formation is observable. I know this for certain as regards
Northerp Sumatra, where the tertiaries are especially found in the Batta districts (Batta
landern). With the exception of the trachytic island Dungus Nasi all the islands in the
Bay of Tapanuli (situated exactly in the prolongation of the Nicobars), besides the
adjoining low shores of Sumatra, and partially also the mountains near Tuka, are composed
of more or less upheaved sandstone strata, containing, though sometimes rarely, tertiary
shells.” Thus it appears to be principally on the southern coast of Java and the south-west
coast of Sumatra that we find a repetition of the geological conditions of the Nicobars.

The commencement of the eruptive formation is in J a va inaugurated by serpentine, gabbro,
massive rocks resembling diorite (greenstone trachytes as in Hungary); more or less typical
trachytic rocks follow, and the grand volcanic eruption extending up to the present time
fwm the termination of the enormous eruptive phenomena in the Indian Archipelago.
At the same time it appears that the eruptive line has been shifted slowly, on Java from
south to north, and on Sumatra from south-west to north-east, so that this line would
strike east as regards the Nicobar group in the same longitude in which east of the
Andamans it reappears on the volcanic Barren Island and Narcondam.

The young tertiary age of the serpentine and gabbro eruptions on the Nicobars and

Java hasits perfect analogue in the eruptions of the same rocks in Central Italy, which,

ing to Signor Perazzi, in Turin, and Prof. Savi, are partly Eocene, partly Miocene, and
which, on account of their copper ores, are of importance to the miner.

The third principal formation of the Nicobars are coral formations, belonging to the
most recent or tge present period. Coral banks of great thickness are found on Car-Nicobar,
Bompoka aud several other islands; they consist partly of a compact coral limestone, partly
of a coral or shell conglomerate, upheaved up to 30 and 40 feet above the present level of
the sea; on all the isfands, the original area is to be obscrved enlarged by coral-land, which
i5 only separated by the higher sand dunes along the shore, from the still continuing form-
ation of the coral reefs surrounding all the islands in the character of fringing reefs.
Although these raiscd coral banks are a decided evidence, in favor of the long continned

¢ According to Junghul;n:his limestone is the youngest of all the formations, aud is always Lo be found only in
superficial banks,

¥ Reports on the doings of the mining cogineers in Netherlands India (Jahrbuch der k. k. geol. Ruchsaustalt,
Wien, 1858, p, 277).

t Quart Jour, (icol, Soc., Londop, Feb, 1864 =1 Baron v. Richthofen, Zewtschrdt der deutschen geol, Gesell-

sthall, Bd. 14, p, 327,
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upheaval of the islands,—that in connection with the eruption of the serpentines and
gabbros,—the formation of the flat coral-land elevated only a few feet above the level of the
sea can, on the other hand, be explained by the accumulation of coral fragments, of sand
and shells by the waves and breakers on the shallow surface of the fringing reefs. A
detailed description of the peculiarities of the Nicobar coral reefs and of the formation
of the low coral-land has been already given by Rink. (loc. cit., p. 88, &c.).

11.—On the occurrence of coal and other useful rocks and minerals on the Nicobar
Islands.
The question regarding coal was the principal point of inquiry during the first expe-
dition to the Nicobars, wth;ch was undertn.ien in 18645 by the Danish Consul Mackey of
Calcutta, the Englishman Zewis and the two Danes Busck and Lowert.

The solution of this question was a second time the problem undertaken by Dr. Rink,
as geologist with the royal Danish Corvette “ Galathea.” The order of the day No. 5, which
contained the instructions and directions for the survey and exploration of the Nicobar islands
on the part of the scientific expedition of His Majesty’s Frigate *“ Novara,” made the reply
to this question my duty also.* The facts on this point are as follows :—

The results of the first expedition were confined to the discovery of single pieces of
coal on the strand of the southern islands. Dr. Rink found several localities of coal on differ-
ent places of Little Nicobar, Trice, Milu and Kondul. *These localities at which coal
occurred proved, however, everywhere to be isolated masses varying from one to two inches in
thickness.” The incorrect (as already stated) designation of “ brown coal formation” for the
sandstones and slates of the southern island might have been the cause of misunderstanding ;
but Rink himself (loc. cit., p. 53) expressed his results thus:—¢There appears nothing
found on the Nicobar islands which would correspond with the coal formations of South-
Eastern Asia. The coal localities were met with here and there without any order
either in sandstone or in.slate, and appear to me therefore to be derived from driftwood
which was deposited with the clay and sand. I nowhere found anything which could indicate
an accumulation of plants in basin-like depressions, in which the plant would be grow-
ing 7n situ and through which the surrounding masses of clay wouldp be impregnated with
organic ingredients and mixed with portions of plants. The question, therefore, still remains
pending whether those brown coals occur in considerable quantity, as the quantity and size
of the collected pebbles would seem to indicate.”

I also did not succeed farther than finding single ents of brown coal. The first frag-
ments were met with oo the strand of the small island Trice; it was a brown coal with con-
choidal fracture, but still with distinet structure of the wood. The pieces were all rolled, afl
the largest—&-inches long, 4-inches broad and 2-inches thick—was bored by Pholadide. 1 do
not doubt that these pieces were derived from the beds of the sandstone or slate of Trice; buton
the opposite island Track, I was fortunate to knock out of the sandstone, in sitx, & small frag-
ment of coal also rolled. Exactly in the same way I also found small fragments of brown coal
on Kondul and on the south side of Great Nicobar, partly on the strand, partly on the
sandstone or slate rock, and it is certain that these pieces occur all through the group of islands.
The condition of all the brown coal fragments met with tends to show that they were only
ringly imbedded driftwood pieces, which were changed to coal, not that they belonged to
large coal seams through the destruction of which they have come into younger strata. Only
on the strand of Pulo Milu have I obtained pebbles of true coal with laminated structure.
such as is only to be found in seams. It is, however, much more probable that these pieces of
coal came from the steamer “ Ganges” accompanying the *“ Galathea” in 1846, and stopping for
some time about Pulo Milu, than that they were derived from coal seams on the Nicobars.
I therefore entirely agree with Rink’s opinion, that so far as it is possible to make observa-
tions nothing speaks in favor of the existence of true coal basins on the Nicobars, and that
the occurrence of workable coal is not probable. However the area of Great and Little
Nicobar is large enough to hide under the thick primeval forest formations of which no trace

* This instruction runs:—According to the report of the naturalists of the Danish expedition, coal and pro-
bably also precious metals occur. As far as this may be verified, samples in sufficient quantity ought to be taken:
eqnally so in case of metals being found. In general it is however to be reported, as regards geological conditions.
how far conclusions can be drawn from the existing rocks as to the occurrenoe of useful minerals, &c. Of the rivers
and springs, the temperature should be measured, &c., &c.
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may be observed along the coast. Until the interior of these islands has been examined, the
question regarding coal on the Nicobars cannot be answered in any other way than it was
by the first expedition.

ﬁuaﬂ{qunfavorable must be the opinion regarding the occurrence of ores or other useful
minerals. Nothing of the kind has yet been found on the Nicobars. Gold and useful
minerals are partll":ﬁy rich on islands and along coasts which, viewed geologically, belong to
the same area of elevation as the Nicobars, as I have already pointed out. The natives
who long ago observed those fragments of coal, who use glass pearls, silver ents, &c.,
a8 ornaments, who know the plants and animals of their islands pretty well, and who
bave for all more common phenomens, for all useful products of the animal and vegetable
kingdom special names, these inhabitants have as yet found among the rocks of their islands
ng:ﬁing that they would be able to make use of for ornament or other useful purposes. The
only traces of ore which I found were those of iron ites and copper pyrites, finely
disseminated through dioritic and serpentine-like rocks. 'I:{;lpossibility oipihe occurrence of
copper ores in the eruptive formation cannot be denied; however, no discovery has as yet
been made which would indicate it. On the other hand, the islands are rich in useful building
materials. The sandstones of the southern island must give excellent working stones; the
plastic clays of the northern islands could no doubt be equally well worked into bricks or into
pottery ; the natives of Chowry make large pots of it. Finally lime is offered by the coral
reefs in inexhaustible quantity along the coasts of all the islands.

IT1.—Tke s0il and its vegetation.
[ Only brief extracts of this section are given. ]

Dr. Hochstetter states that vegetation in its original state always indicates the character
of the soil, provided the atmospheric conditions are the same. This is, however, on the
Nicobars, bigY\ly the case. * Neitger the difference in the latitude from the most northern to
the most southern islands (2} degrees), nor the difference of the absolute elevation (the
highest hills on Great Nicobar only attain about 2,000 fect above the sea), i8 large enough
to produce on the single islands, or parts of them, such a difference in the climatal conditions,
that on it alone an altered character of vegetation should depend. Rocks, soil and vegetation
are, therefore, on the Nicobars in such a degree related to each other, that the areas marked
on a map as indicating various rocks would almost coincide with those indicating the varieties
of vegetation. Unfortunately the sketching out of such maps for the larger inaccessible
islands is impossible; to indicate it I can only attempt a representation of the small island
Milu (Pl. 4, Fig 5.) and the north-western bay of Little Nicobar.’

¢ The results of these observations may be scen in the following tabular view :—
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“The Mangrove forest.—Several deep channels, rich in fishes and navigable by the
canoes of the natives, occasionally extend in serpentine turns through these mangrove swamps.
One meets not uncommonly at the end of such channels in a hidden locality villages of the
natives, as for instance, on Trinkut the pirates’ village Dschanoba.” (Janoba).

*The brackish-water alluvium, the ground of the Rhizophori and Cerithia, must,
therefore be considered as a soil perfectly unfit for cultivation. ogt occupies only a small area
as compared with that of the islands, but it is nevertheless of a mischievous importance.
Yor it can justly be said that the Nicobars owe their unhealthy climate principally to these
brackish-water swamps, as they occasionally extend for miles from the mouths of the rivers
into the interior. In these swampy districts, the change of the fresh to salt water causes a
decay of the organisms, which can only exist in the former, the reverse takes place in salt
water changing to fresh water. The ebb exposes large areas, and decomposition of the organic
life takes place, filling the air with most poisvuous iniasmas.’

Dr. Hochstetter says that he especially had opportunity of studying these marked
changes on a grand scale on the northern coast of Great Nicobar (west of the Ganges harbour).
On the other hand, the coral land appears to be fertile, capable of cultivation, and bealthy at
the same time, and the dry manne and freshwater alluvium, to which on the sea coast
belong the cocoa-palm forest, and further inland extending to the back of the hills, a besutiful
forest of various kinds of large trces. This is the ground which the natives of these islands
have selected for their abode, finding here all the necessaries of life.

The cocou-palm forest is described by Dr. Hochstetter as the picture of life, and he
thinks that if the cocoa-palme had not been there, the islands would have been probably
uninhabited up to this time. He further states that, taking the number of the inhabitants
of all the islands to be 5,000, there would be about five and a half millions of nuts required
for annual use. The annnal export of cocoa-nuts can further be estimated as about ten
millions, for Car-Nicobar alone exports between two and three millions. This gives fifteen
and sixteen millions of cocoa-nuts to meet the annual demand. On the northern islands, the
cocoa-palms occupy comparatively a larger area, while on the southern islands, especially on
Great Nicobar, they are nearly altogether wanting. The northern islands are, therefore, the
most thickly inhabited, and tho cocoa-palms are there divided as property, but on the southern
islands they appear to be the free, common, goods of all.

¢ The Nicobarese not only lives on, but also in, the cocoa-palm forest, having selected for
himself not only the most comfortable Elace for Lis hut, but being on the dry coral ground,
exposed to the current of the wind, also the most healthy situation.

‘ The high forest.—This is chiefly composed of large trees with rich foliage.” Several
valuable timber trees, and others, usetul on account of their fruits, are here mentioned.

“'The finest high forest I saw on the southern coast of Car-Nicobar.’

¢ The Pandanus forest, in which this remarkable tree suppresses all other vegetation,
except a few Areca- and Rotung-palms, occurs only on the swampy fresh-water alluvium
along the course of rivers and streams, especially near the sea where the rivers form wmore or
less permanent basins. Here it is Pandanus Milore, the largest kind of Pandanus,
which forms the forests. 1 believe that what we saw of the Pandanus forest on Pulo Milu.
was one of the most peculiar pictures of tropical vegetation seen during the whole of our
journey.’ :

‘The Pandanus is not cultivated on the Nicobars; it is most flourishing in a wild state.” ~=e,
and is, after the cocoa-palm, the most importaht plant for the natives as regards food : it is
the truly characteristic plant of the Nicobar islands.

* Grassy plains.—If one has succeeded in marching from the flat coral-land through
the high and Pandanus forests, he generally reaches the foot of hills, rising on the larger
southern islands, on Great and Little Nicobar to a height of 1,000 to 2,000 feet above the
sea, but on the northern islands they are not above 500-600 feet. This hilly land certainly
occupies vy to 1 of the whole area. It is composed of rocks of the gabbro and serpentine
formation, and of the clayey and sandy textiary beds formerly noi:ice({|l The eruptive rocks
are comparstxvelj' of small extent. Where felspathic gabbro forms the ground, this bein,

roduced by the decomposition of the rocks may be said to be fertile, it is covered  with thicE
orest, but even the serpentine island Tillang-chong has a flourishing primeval forest. On
the other band, a remarkable difference is perceptible in the vegetativu of the tertiary ground.’
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¢ The hills of - the northern islands are to a great extent only covered with grass, those of
the southern, however, chiefly with a thick forest vegetation. This distinction rests upon an
essential difference in the composition of the ground. The hills of the northern islands
consist of a sterile arﬁillaceous soil, those of the southern islands, on the contrary, of a fertile
calcareous, sandy-argillaceous soil.’

‘ Where the most favorable tropical climate could produce nothing else, but stiff and dry
Lalang-grass (Imperata), and rough Cyperaces (Scleria, Cyperus, Diplaceum), surely there
nature ﬁas clearly enough left the stamp of sterility, yet just between such grassy hills,
which from a distance look so homely resembling fields of corn, have the colonists on the
Nancowry channel built their houses and gardens. The grass grows now high enough above
their burial grounds; the breakers play with the bricks with which they built the houses;
gardens and fields, every path has disappeared. On Car-Nicobar I saw these grassy plains
;ll{arﬁaﬂy cut down, because the natives use the grass for thatching their houses, and on

amorta large strips were in flame.’

The grass vegetation, says Rink (loc. cit., p. 136), which to the greatest extent covers
these islands, is, in the valleys at the base of the hills, very thick and high; it becomes
however, higher up thinner and shorter. On the places which are sufficient] eramp many
soft grasses may occur rich in juice; but on the tops of hills, where the dry magnesian
claystone locally penetrates through the scanty layers of soil, and is also partially covered
with a coarse ferruginous sand, while the showers of rain carry all the finer particles which
may be produced by decomposition into the valleys, there, as a rule, only dry and rough
siliceous Grraminee and Cyperacee are to be met with.- .

The area which may, therefore, in future be successfully cultivated is that of the southern
islands, composed of sandstone and slate, producing a fertile argillaceous sandy soil. On
Little and Great Nicobar with the small 1slands Pulo Milu and Kondul, the hilly land
may be estimated at nearly two-thirds of the total area. These islands are therefore in point
of colonization the most important, and a comparison with Ceylon and Pulo Penang
shows what could prosper where now impenetrable primeval forest covers the whole surface.

¢ Primeval forest.—Thisis of great extent, and the coast inhabitants of Great Nicobar
tell of the existence of a wild tribe, forest-men, (“ jungle men”), with long hair, inhabiting
small huts or trees and living uﬁon honey, roots and game. But no European eye has yet
sighted these forest-people.” Dr. Hochstetter describes in vivid language the evermore forest-
clad parts of Great Nicobar, which were visited by some of the party along the deeply
indented water courses and ravines. ’

IV.—Springs, Streams and Rivers.

The annual rainfall of the Nicobars is unknown. But very likely it is considerable;
I think 100 inches is an exaggeration, because the two seasons, usually dutindguished,—the
dry one during the north-east monsoons between November and March, and the wet one
during the south-west monsoons between April and October,—are not so strictly separated
on these islands as on the neighbouring continent, and according to Present experience
showers are also not rare during the dry season. The driest month of the year may be
March. We had, during our stay on and ronnd the islands, in this month only three times
rather heavy showers of rain. In April the‘y; become more frequent, until in May and June
the south-west monsoon rolled constant and heavy clouds over the islands.

If, therefore, peculiar geological conditions do not facilitate a rapid flowing off of the
rain, the islands cannot hﬁoﬁ neral a want of water. And of this we could convince
ourselves, inasmuch as the end of the dry season was unfavorable for the guantity of water
in streams and rivers. Even the smallest islands, like Pulo Milu and Kondul, though
their small streams hardly had any water flowing, still had an abundance of fresh water
in the numerous basin-like depressions of their beds. From the forest-clad heights of
Tillangchong still rippled out everywhere spring_ water. The numerous streams and
rivers of the southern large and woody islands, Little and Great Nlcobar,.
abundance of water all the year round. But the northern island, as far as the arglm
beds extend, appears to be deficient in water; this specmllg is the case on Nancowry,
Camorta, Trinkut, and probably also on Terressa and Bompoka. I found the small
streams on Nancowry ans Camorta, leading into the Nancowry haven, perfectly dried
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up. The natives only drank cocoanut-water, and they probably obtain the fresh water
wiich they require for domestic pu , &c., like the boiling of Melori, from the fresh
water swaz:rs, which are locally to be met with in ravines. Of wells, except that made
near the village Malacca on Nancowry and which is now half in ruin, I saw nothing.
Car-Nicobar, however, though also composed of argillaceous strata, as the abovementioned
islands, has no want of good drinking water, because the large coral land raised from
8 to 12 feet above the level of the sea, permits the digging of those remarkable wells, the
fresh water of which falls and rises with the ebb anlg tide. The explanation of this rare
phenomenon does not rest in the filtering of the seawater by the coral-sand, but is
rather the fact that the lighter rainwater floats on the heavier seawater, and the porous
coral rock only prevents the mixing of the two. I have seen several such reservoirs on
Car-Nicobar near the villages Mus and Saui, they were all dug from 8 to 10 feet
throuﬁl]_lmthe coral mass nearly to the level of the sea at its highest flood, and contained
good drinking water. Besides this, a river flows into the Northern Bay of Car-Nicobar,
which we named Areca River from the luxuriously growing Areca-palms on its banks ;
this river is navigable with flat boats two miles upwargs, and near the small rapids’ which
one meets it also offers good drinking water, containing only a small portion of calcareous
constituents in solution.

I have not become acquainted with any mineral or warm springs. The clay-marl
rocks of the Nancowry haven are, however, seen covered with an inch-thick incrustation of
sulphate of magnesia (epsom salts) in fine fibres with a silky lustre ; this indicates a quantity
of sulphate of magnesia in the clay-marls, and by digging {oles in them, epsom salt waters
El:hy probably be obtained, such as is the case with the bitter sandy-marls near Bilin in

emia. :

V.—Observations on the temperature.

As we had, according to our instructions, to measure the temperature of rivers and
springs, and as this task fell to my lot, as far as otfportunity offered itself, I would put upon
record here the few observations in this respect, besides a few remarks on the temperature.

a.—Temperature of the different waters.

1. 23rd February, on Car-Nicobar, water in the well near the village 8aui in 8 feet
depth in perfect shade .. 267C,
2. 27th February, on Car-Nicobar, Areca river in the shade of the primeval forest ... 26'0C.
8. 4th March, on Tillangchong, western side, a spring in the shade of primeval forest 25'6C.
4. 4th March, on Tillangchong, another spring . 26°0C.
6. 8th March, on Nancowry, old well of the Moravian Brotbers near the village
Malacca, water in 8 feet depth in shadow .. 267,C.

If it were permitted to make from these few observations a conclusion upon the mean of
the annual temperature of the Nicobars, this mean would be 26'58C. (=78'04 Fahrt.)
I have also measured the ’wm}ifrature of several other wells and streams, but as their
water was temporarily exposed to the sun, very different results were obtained, as for instance :
onCar-Nicobar

24th February, well near M us, water in 3 feet depth ... 270C.
26th ”» a stream between Mue and Saui .. 278C.
” river near Saui e 29°0C,
onCamorta
9th March, two streams with muddy stagnant water . e . 270C,
on Pulo Milu

18th March, stagnant stream water ... 26-6C.

b.—Temperatures of the soil.

To obtain further materials for the determination of the mean annual temperature
I made a few observations on the temperature of the soil, and these gave the following
results:—
8th March, ot Nancowry near the village Inuang, the thermometer, after it had been
exposed in & permanently shaded place for 6 hours, showed, when buried in 3§ feet
depth underground
20th March, on Kondul, also in 3} feet after 6 hours ...
These two observations give, as did those made in water, an
annual mean of .. 26'6.C. (=779 Falirt.)

.. 257C.
.. 363C.
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This result is smaller than the records known up to the present, but these also do not
rest upon sufficiently decisive observations. Rink, who, during a stay on the islands between
January and May 1846, never saw the thermometer under 25°C. and never above 33°C. in
perfect shade, believes 28°C. to be the most probable mean. )

According to Johnston’s Physical Atlas, the line indicating the temperature of the sea
surface of 30'5C passes just across the group of islands, the annual isothermal being 26:1C.,
with the January isothermal of 25:0C, and the July isothermal of 27-2C.

As regards the monthly means, we obtain from the observations of the Danish Corvette
Galathea every four hours :

for January 1846 - v oo 28-2C.
,» February ,, 28-6C.

According to the hourly observations on board of the Frigate Novara the mean is—

For the days 23rd,—28th February 1858 ... e 27°2C. (0
w » o lst—26th March ... . T 3rac Jmen 2725C

With this agrees pretty fairly the soil temperature which I mecasured at a depth of
one foot. -

On the 26th February near Saui e 277C.
w 3 20th March on Kondul - 27'00.} mean 27-26(.
w » 26th ,, on Great Nicobar ... ... 210C.

Finally, with regard to the daily means, they will be*found for the time of our stay on
the Nicobars in the observations recorded on board of the vessel. It occurred to me when
on Car-Nicobar to see whether the temperature of the water of young cocoanuts, when
freshly cut down from a tree standing in shadow, would not indicate approximately the mean
daily temperature. I found on the 26th February, in two nuts, a temperature 27-2C. and
274C., as a mean 27-3C. The journal kept on board of the Frigate gives for the same
day, as mean, also 27-3C.

DONATIONS TO MUSEUM.

Micraster cor-anguinum.—Hertford, England, presented by A. Tween, Esq.

Belemnites levis, (2 spec.); B. clavatus, (1 sp.); B. vulgaris, (2 spec.) E cylindricus,
(2 spec.) B. sub-aduncatus (2 spec.); B. striolatus, (1 spec.); B. tubularis, (2 spec.);
B. icillatus, (2 spec.); B. sulcatus (1. spec.); Trigonia, Dentalium, Fish teeth (Stones-
field), &c. presented by Prof. Jobn Phillips, Oxford.

ACCESSIONS TO LIBRARY.

FroM 1sT APRIL TO 30TH JUNE 1869.
Titles of Books. ' Donors.
AzeyrLr, DukE oF.—Primeval man, 8vo., London, 1869.
BourguiaNaT, M. J. R.—Mollusques Nouveaux, Litigicux ou peu connus, 8vo., 1868.

Beoxx, De. H. G.—Klassen und Ordnungen des Thier-reichs. Vol. V, pts. 9, 10, Vol. VI,
pt. 4, Leipzig, 8vo. 1869.

BrowN, R.—Miscellaneous Botanical Works of—Ray Soc. Vol. III, 4to., London, 1868.

Browsg, J. R.—Reports on the Mineral Resources of the United States, Washington,
8vo., 1868. THE AUTHOR.

Dobop, Glonex.—Dictionnrg of Manufactures, Mining, Machinery and the Industrial Arts,
London, 12mo., 1869.

Dorxa, Pror. ALx.—Catalogo delle Leoneidi o stelle meteoriche osservati nel 1867.
Gegvais, Pavr.—Zoologie et Paléontologie générales, Parts 8, 9, Paris, 4to., 1869.
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g, of which not more than a bare fifth or sixth se<e; tred by the. highest sandy
ch the fossif’i’gees are associated, and which drom its incolteren} ‘character has
g9#Te suffered to o greatest extent from the actionjof demudation. There can be no
that the entide group formerly extended as an uninterrupted deposit far below the
atitude of Rangoon, though the highest member ¢f the group with its associated fossil-
trunks does not extend down now in force nearer than nn%;) or thereabouts to‘that town,
or not south of the Tounguyo nulla. The exact termynation to the south, however, of this
fossil-wood bed is rendered very obscure, by its merging, so to speak, in the debris which
has resulted from the waste of the group, and beneath which it sinks and is lost sight of.
That it formerly extended much further south is renflered certain (and perhaps the occur-
rence, in sit, of patches beneath the newer accumulations at the present time is also indicated)
y the occurrence of 1 pieces scattered about within ke area of the detrital beds above
entioned, of a size such asto preclude the idea of transport from adistance ; as, for instance,
tween the Okhan and Thonsay streams, where a log of n'~ "»ss than four feet in length is
mbedded in a mass of confused detritus fully 656 miles soy- . e spot I have assumed as
fhe southerly limit of the group containing the fossil wog s sita. ; Smaller pieces of fossil
wood are found much nearer Rgngoon and iqattings 1 the neigl 1bourhood. These pieces
on my first visit to Rangoor, ant before I entétutnel any suspi .cion of the connexion of
the beds st Baguon and those :ontaining the silicifed wood, I \‘w” inclined to regard
a8 brought to the spot by human sgency, as the Burmese are fond of' surrounding their reli-
gious buildin%s with posts of this wood “Engin chouk,” but I amn now convinced that
such is not the case, but that the pieces in question sre derived eLithey from the wasted
and missing upper beds or from the lower ones of the group: still * s remaining, which, 8
1 shall show, contain the same fgssil-wood, though sparingly aMd ne ver in the same sized
pieces as the upper or emphaticilly ke fossil-wood bed of the provisnce. Thus the fossil-
wood in the Prome district occurs in two distinct formations and #under very different
conditions, viz., in the form of entre trunks in situ or fragmentary piecres, but little rolled,
and in well worn or polished pieces, some of large size, but more frequent ‘ly as pebbles, which
form a conspicuous ingredient in the recent gravels. .

Below I give, in descending order, a table of the main divisions into, which the miocene

beds east of the i-saay e divided, Ybs upper three ofy-w,.' constitute the fossil-
- _v?addo,;o’u“, of which I am now treating :— "
X MIOCENE. i

. . (Descendin, x

‘ ’ "\

L ey e

- ossil £y g group. 7 i
(as_.. <, parts gravelly and conglometic~ —characterised by the profusion of
T e T pns of roxide of iron associatl  with it; fossils, trunks of silicif
exoge'tﬂus wond and locally mammanan’ bones. In—the subordinate beds of

conglonerate, rolled fragments'of wood as above, silicified, (that is, minerali
subseqiently to their entombment), mammalian and reptilian bones and
of cartiiaginous fish.
(b —Fine silty elay with a few small pebbles mixed with sand in strings here and there
the whole very fine and homogeneous and devoid of fossils.
(c).~A mixed assemblage of shales, sand, and conglomerates, the last very subordinate
partaking much of the characters of bedsa—b; a little of the concretionary
roxide of iron. Fossils, rolled wood silicified; mammalian and reptilian
nes and cartilaginous fish teeth. Towards the base, the beds contain marine
shells, and pass into those of the next group.
Pegu Group.
(d).—An enormous succession of sandstones and shales of unknown thickness and not
usually fossiliferous. Particular beds, however, contain fossils in profusion :
(e. g., d-1.—Hard sandstone with corals (Cladocera).
d-2.—Blue Kama clay, highlv fossiliferous.
d-3.—Cytherea Promensis bed or Prome sandstone, .
and numerans others which cannot be specified till their fossil
contents have heen more especially examined).

-
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well, though thpoughout the«‘ deposit the ocourrence of bones is irrcgular, capricious,
and local, (‘ ! \ ! I

A good sectiion displa,*in]i kbe relation ‘of {'these grit-courses to the leas ooherent rock
around them, is sgen in the hills fabout three mil¢ s cast of Shucbandor, orabout n miles
east of Aldn-mid. The hills fire here sbee&ly it in the hod I am describing] 'the surface

being covergd witth the usush gravel, with abrindance of silicified wood inous
concretions, the former complétely blocking many of tho deep gullies cut on the hill side.
Strewed about here o wise be seen nughcrous lustrous wents of iroly slag, from

the paiive furnaeee oné = —ved over these hiljs. The sand here presents its msual incohe-
tent, typival character, B no conpact sandstojue, passing into a coarse grit x atches, is
somew it froely developed ii: irregular lenticglar courses in it. On the surface‘op the inco-
herent sardd at this spot, and c'."iE:itl‘y weatherefl out of it, [ picked up a ent of the
lower jaw of a deer, and from /the immediate {vicinity I collected mammalian bpnes, mostly
1 preserved and fraumentary,, shark vertebree agnd tecth, 2ud chelonian plates (Colossockelys
and two species of A'mys).  Ln the great slabs {o1" grit lying about amidst the debris of the
wasting saml which i L el them shark’s ffeeth wore plentiful, sccompanying; mammalian
bones and fragmetts w1 wou, » many of which bad boen perfectly roung;d . by attrition
before they were embedied. (3%..ese pigcps of | wod are, however, not commngn. Another
locality where bones are stll m 75 ainda w is @ue-h: \f mile north-east of Talok, or fourteen

miles north-east of Thaiet-m - he east bapi - ¥ u streau not mar' «d o the .map. Bones
are here far srewm scarce, by o 2 and ill prescrved.  They occur oth in t.lre incoherent
~sand and :lso in the ecorrme :Q tonglomjer~tc associated with it, ogether| with shark’s
teeth and sinall pieces of wa .. 1. U this spot there i a geod deal ot coars: donglomerate,
and in accordance with the indn yoms’mfford <l by these coarser beds we fipd the bomes

of a larger size, and many of thgse mpch B l-d wnd abraded before they|were finally
embedded.  Hoe I ot a tragmeryt of the lowef 12w of an elephant, together wath fragment-
ary portious of the limb bones of, that animal, «~li uuperfoct either from original violence or
subsequent dccay, the- former Gause certainly operuting in some instances,

I may here reroark thet t]_:e Wbones found in this group (within the area I am xiow oconcerncd
with) arenot all in the same mingral condition. , I'he niajority are somewhat itperfectly mineral-
ized and consequently decay very readily when' bared to the atmosphere by the wasting of the
surrounding rock, and this I .gm convinced is the rcason of so few boues leing found on
the surface, even in spots Wheyre the rock ib seen o contaid them somewhat plentifully.
A few fragments may here an g there remain, but most of the bones noticed by me were 8o
terder, that it was clear that  ghort exposure to atmospheric action would r¢duce them to
cautablit g masses, which vou i 1a2ak up and 'eave scorcely a trage behind ther. A bone is,
however, Liere and there founé] in the water o s well mineralized and enldulated to defy
atmospherie aciicn, but the sicarcity of the;, lLiagn cuts attests that such i, {not the usual
¢rndition of Lones in these Letdq at th:« . well mineralized bones ure deitived from the
same beds as the morv triable ones 18 uuubmiable. The best mineralized bone perhaps ..ot
with was the part ot a deer’s jaw above mentiovcd, and this most certainly was derived from
the soft incoherent sand whereon I picked it up. The astragalus of a ruminant (Cervine ?)
found also by we during a former season, was, in like manner an isolated example of well pre-
wivesl bone, though heing found in a small st‘xcmu its parent bed was not demonstrable. In
Upper Burmah well nincralized bones are prot{. by 1more common to judge by those which have
teen at various times collected there, and the ! icrence is merely the result of different condi-
tions at the time of their doposition, such as v mizht expect to prevail, and depending
bally op tle irregular access or supply of sili*s in silution. That the supply of this 55:;
tiust have been at some period abundant #is testified by the enormous wmount of silicifi od
trunks everywhbere met with, but the horizon of these is vertainly higlwr than that at which
the Lones in question ccour, and although ,small preces of silivified wood wecur commi gled
with the bones, it does no: -herefore follow] that the sinie sbindant cffusion of silica took

lace at_the time of their deposition as subsequuntly cvemyed When whole turests were silici-
:§d, and this I should be indlined to regaxd as ine iruv explenation o this condition of
most of the Hones in this sand, viz., an insufficiert s :yply of silica fu »o'ation.

As arule, it is not, however, in the saiid Lut ir. tl:c eoarser and 1horo conglomeratic beds
that the bones seem mostly to ocecur, of whi-h 1 20od instancu_is seop n'gdwsy between
Omouk and Lema, some 19 miles east-south- st {row "l'hui(‘t.m io. Hers a great bed of

L ..
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conglomerate is seen dipping 30° south-east in which I noticed the tusk of a small elephant,
but too friable to be extracted from its hard Matrix, together with other bones, allin a poor state,
. and more or less injured by rolling about o1t a coarse shingle before their final consolidation.

Next to the presence of silicified wood, a remarkable development of concretionary
peroxide of iron seems to characterise the sand I am describing. The ore occurs occasionally
as a thin band, up to perhaps a thickness of three inches, breaking up or jointing into
rhomboidal concretionary masses of different sizes and shapes. More usually the ore occurs
in the form of variously shaped concretions from one to four inches in length, though occa-
sionally even larger. These concretions are found in both the sand and conglomerate, to
which last when numerously developed they impart a peculiar varnished look, which might
sometimes be almost styled (but for the technicality of the term) viscous or slaggy. e
more usual shape of these concretions is flattish oval or amygdaloidal, but they occur spherical,
cuboidal, cylindrical, with both flat and hemispherical en(gls, discoidal and any intermediate
form, but always symmetrically proportioned, and the result of a segregative action or pro-
cess in the clayey and ferruginous components of the bed when in a plastic condition. Of
whatever shape however, their structure is extremely uniform, consisting of an external crast
of concentric layers of brown hmmatite surrounding a kernel of pure white or yellowish
clay, lying loose and shrunken in the interior.

Exterrally these nodular concretions are roughened from the adhesion of the sand enve-
loping them, but this rough crust scales off readily, leaving their surface perfectly smooth.
Internally they often present a blistered appearance from the mammillary crystallization
of Limonite which lines them, becoming on exposure to the atmosphere and rain lustrous and
varnished. Where the bed has been of too harsh a character to permit the regular -
gation of the ore, it is found lining sinuous ca¢ities in the coarse matrix, leaving flat,
approximating walls, evidently produced by shrinkage, which gives such portions a very
peculiar aspect and one which simulates a viscous condition. In some places even a botryoidal
structure is induced where the rock is less coarse.®

The thickness of this upper sand cannot be closely estimated, but 40 feet is probably
more than the average thickness of what now remains of it.

(5).—Below the last described sand occurs a deposit of very uniform character composed
. of pale silty clay which passes upwards into the overlying sand. This silty clay is very
fine, thin bedded and homogeneous, with merely a few strings of sand here and there, and
an occasional small pebble in the sand. It is everywhere seen at the base of the last bed
into which it seems to pass, though their respective characters constitute a good means of
demarcation between them. It is entirely devoid, as far as observation goes, of organic
remains. A section of this silty clay is seen south of Thanat-ua, between Al&n-mio
and Kiungalé, but the bed presents no special point of interest.

It is also largely exposed in section 1} miles east of Talok on ascending out of the
tream (previously noticed as unmarked in the map), but it merely presents the same uniform
character and absence of fossils, which distinguish it elsewhere. ere the upper sands have
been completely denuded s0 as to leave exposed a large area of this bed, an undulating country
is the result, possessing a marked character. The surface of the country does not there
greatly differ in appearance from that seen within the area of the alluvium, and it would not

* Under the Burmese rule this ore was extensively smelted, but no furnaces are now m{whm at work in the
district. Remains of furnaces which were merely rectan kllnl‘i cut in the firm alluvial clay of some steep
bank, which gave easy access at top for replenishing ore and fuel, and below for withdrawing the products, are
numerous about Shuebandor, Kiungalé, and Yebor, together with -l-g-he.po, ti of no i idorabk

dimensions. Throughout the area of theso upper sands, however, slag may be found here and there scattered about,
as tho iron-workers shifted their scene of operations from spot to spot, wherever charcoal and ore was for the time
most plentiful. The works must have in many cases been conducted in the dry season only, as the hearths of some
furnaces still standing open into the beds of streams which during rain would certainly have found an entrance
to them. The blowing apparatus was probably the effective vertical eylinder bellows formed of large bamboos still
in use in the district by blacksmiths, but the oldest inhabitant could give me no particulars of the manuficture,
a8 none of the class of iron-smelters now remain in the district. The introduction of English iron aud steel has
doubtless been the main cause of the abolition of this branch of industry, aided by the harsh and injurious system
of the Burmese officials during the early struggles with the British, but in some places it was alleged that the’ iron-
workers had fled the country to avoid being forcibly transported to Calcutta to make iron for the terrible foreigners.
‘This may scem very absurd, but those who know the ingrained credulity and ignorance of Asiatics will be inclined
to give mmme weight to the reason stated, though it is probable that this fcar, ﬂmnﬁly as it may once have operated,
‘l)l‘ r:;':n'nﬁ: felt, thongh the state of the market and the price of iron now ruling in Pegu prevents the resuscitation

rade.
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clay o e, however, freely expdsed, it presents much the appearance of s
‘regur,’ save in color, which is a pale yellowish-gkiay, quite devoid of any tinge of red which
the alluvial clay generally possesses, and 80 of the dusky carbonaceous hue of a
regur. From some peculiarity in its composition or hygrometric qualities it in dry weather
opens out in great cracks, and is always covered with a sparse crop of stunted grass in
separate tufts, and a tree jungle of a peculiar aspect from the dwarfed character of the
trees composing it, present among which are the Toukkian (Terminalia macrocarpa), Te,
(Diospyros. sp.), and the “ Shéabiu” of the Burmese (Phyllanthus emblica).* The country
around Laidi comprising the doab between the Pade and M yo-hlastreams is composed of this
clay with sparing remnants here and there of the upper sands. It is largely exposed, too, in
the broad valley about Lepalah (Let-pan-hla) and between that village and Chouk-soung
(“stone fang”). Towards the mouth of the Myo-hla stream near Toukkian-daing,
(Htouk-kynn-deinlf,) this clay forms the open country and is dug for making pottery.
It might here ba readily mistaken for the alluvial clay of the valley, but for the occurrence here
and there strewed over it of small pieces of silicified wood derived f!‘om the denuded sands which
once covered it. The thickness of this bed I cannot estimate, but I should not place it
under 40 feet ; how much more cannot be determined.

(c)—Below the last described clay, a group of beds occurs of rather varied character,
resembling, to some extent, the beds both above and below it. It contains, though sparingly,
the same description of fossil wood as the sands at the bue)gsof the group, and some of its
beds present characters very similar to portions of those ; whilst towards its base, it
appears to pass insensibly into the lower group characterised by marine fossils. It is,
however, generally very devoid of organic remains, though, as a convenient lower horizon to
it, I have taken a sandstone which is lfenerally reoognis:ﬁe where the junction is clear, by
a few organic remains not very well preserved, amoniewhich a coral (Cladocora) is most
characteristic, which we may regard as the highest member of the lower group.

A section of these beds is seen in the Kini-choung (Kyeeneech) above Mogoung,
which may be taken as illustrating their general character, and some portions so resemble the
ossiferous sands and gravels of the upper beds that I searched confidently, though in vain,
among them for like fossils.

be easy in a limited s%t{:e to discriminate the clay in question from the ordinary alluvial
{ the valley. er M‘f
y

- (Descending).
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This section, though not a thick one, will illustrate the general character of the upper
portion of this division (¢). The silty shale much resembles the shale in division b, whilst
the sands equally recall the uppermost sands, (@.) Close on the horizon of the above section

* The clay above described and the sandy beds of the same group, respectively, offer good instances of the
connection of particular soils with particular kinds of vefemion. So generally does this hold in Pegu that in
some instances it affords a empirical criterion of the geological formation beneath. In the area of the fossil-
wood sands, .the most prominent tree is the Eng ¢ Diftcroeama grandiflora), and this tree so commonly affects a
sandy soil that the Burmese call such soll:, whether within the limits of the fossil-wood sand proper or the zone of
detrital accumalations skirting the hills, * Engdaing,” or the tract of the Enghtroo. and though, of course, Eng trees
are found on other descriptions of soil, yet it is on this sandy belt that the Eng flourishes most vigorously from
pmbabl{vb‘ﬁu)ng lt’herel%eu ﬂe:m;;opo:d with by ot:g‘:’t?.,"')vell élt‘t:d “n% i;’itgr uHundy soil. ;h.ﬁ )" Thi l" .&Mth
obtusa, ,) the “Kanyin" torooagnu ,) an U] 0, " (Hopea suava, ,) eq e
sandy “Engdaing,” thougxo nozpln sufficient numbers to characterize the forest. On the other hand, {huetnu
abhor the CFI described ve and are most miserably dwarfed on it. The Toukkian (Terminalia )y
though dwarfed, seems to answer best on this clay, but from some cause or other it does not seem favorable to v .
I t:ﬁ:k this must be due rather to its hygrometric pro; es, than to any injurious ingredient in it, and that if
artificially irrigated, it would give better promise to the cultivator than the densely wooded sands to which it offers
80 unpleasant a contrast.

Bamboos are not usually much develo] on the Engdaing, and a striking d tion is not unfrequently
seen where the Engdaing meets the boun r{rof the older beds on which bamboos flourish with great luxuriance.
The Burmese are fully alive to this fact, and if an enquiry is made regarding a village, say, if it stand within the
Engdaing, will answer it negatively, “it is g the bamboos,” an exp i z\x:ite equivalent in their minds to
saying it%s uot on the Engdaing where bamboos are rare and never are the characteristic vegetation.
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must probably be placed the ossiferous beds, at the top of the river reach above Talohmhor
(Keng-yua in map), yellowish sands pebbly at top and passing up into rather soft conglo-
meratic sandstone containing bones, both mammalian and chelonian, shark’s teeth and
vertebre, fossil-wood and rolled fragments of oysters and other shells.

A small but instructive section is also seen of these beds in the Myouk Naweng, a little
below Thambyagon (Tham-bya-ga-gon), where pale silty shales are seen supporting a great
thickness of rusty incoherent sand traversed by thin layers of shale and a coarse quartzose
conglomerate with clay galls and cavernous hollows incrusted with a layer of the brown
beematite, as seen in some sandy beds of the upper division (). In this conglomerate I found
mammalian bones, shark’s teeth, and a small E)g of fossil-wood about two feet long of very
similar character, though less completely mineralized than that found so abundantly in bed a.
No other fossils were discernible here, nor, as a rule, throughout this division, though towards
its base, sandstones come in containing marine shells and corals, though neither plentifully
nor well preserved. These marine beds, however, are naturally more connected with the
great group which follows immediately below the present, and which nowhere contains the
fossil-wood so characteristic of the present group.

It only remains to add a few words on the very close restriction to the eastward of
fossil wood after leaving the area of the fossil-wood group. Nowhere within the area occupied
by this group is fossil wood, in pieces of the largest dimensions, more liberally distributed

n along the eastern margin of the deposit along which it is eve;iywhere found abundantly,
but directly the boundary of the group is passed there is an almost complete absence of
fossil wood, even in moderate eizeg“];iecee. A very close and careful search in some of the
larger nullas may result in finding a piece here and there for some few miles from the
boundary, but that is all, and the question at once presents itself, —has this fossil-wood sand
extended formerly across the ranges to the eastward and to the Sittang Valley, or was its
extension in that direction limited by a boundary somewhat corresponding in its general
direction with the present boun: of the group? Without any detailed knowledge of the extent
of the group on the eastern side of the Pegu range, we know the single fact that this
foesil-wood group occurs in the Sittang Valley, and this and the presumed conformity of it
with the lower group which constitutes the bulk of the intervening ranges of hills, would
strongly lead us to regard the group as having once stretched uninterruptedly from the valley
of the {rawadi across that oig‘t.he Sittang, or over the entire country bounded to west and
east, respectively, by the Arakan and Poung Loung chains. That this must have been the
case with the great bulk of miotene rocks so largely developed in this part of the Irawadi Valley
is certain, but one argument, though a negative one, is, I think, sufficient to make us pause
before accepting the idea of a continuous extension of the fossil-wood bed over the same
area as those of the group below it. This argument is the absence which I have alluded to of
fossil wood for a distance not far short of 50 miles, that is, throughout the entire breadth of
country occupied by the precipitous hills and tortuous streams of the Pegu range. When we
reflect on the large size of some of the silicified trunks which may be said to strew the
country along the eastern boundary of this group in Eastern Prome, and the abrapt
cessation of any save the veriest traces thereof, and these but for a short distance from the
boundary, and consider also the imperishable character of much of this fossil wood as
evinced by its abundance in the hard and well worn gravels of the Irawadi Valley, we
are irresistibly led to question the former extension of this fossil-wood bed across a
belt of country wherein it has left no traces. The evidence is about as forcible as negative
evidence can be. Additional weight is also given to it by the fact, that its admission presents
no difficulties, but quite harmonises with the process which the geological history of
the district seems to indicate as having occurred. We have only to suppose that the
deposition of the vast series of miocene rocks developed in Pegu proceeded uniforml
(during, possibly, a synchronous elevation, in & ual manner, of the ocean bed) ti
the entire series, save the topmost members, had been def)osited. Lacustrine conditions
we may now presume to have supervenedover portions at least of so large an area, and
the elevation of the Pegu range of hills commencing about this time would cause the
first land to appear on a low g:lt of country occupying in its general arrangement the
present line of the Pegu range. In other words, the deposition of the uppermost beds
of the group and notably of the fossil-wood sands would be arrested along a hne of country
not greatly differing from the present boundary of the group. The elevation of the
Pegu range and its corresponding disturbance of the adjoining strata certainly continued
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down to a period subsequent to the final deposition of the fossil-wood g:up, though from
the mineral character of the u(i)per beds, any movements they have been subjected to are
with difficulty determined, and these movements may have, to some extent, interfered
with the effect of a coup d'wil, but from several points of elevated ground beyond the
area of the fossil-wood beds, I have been struck by the manmer in which those beds
were spread out; on a lower level, in a fashion strongly suggestive of their accumulation
under lacustrine conditions alongla stretch of elevated country almost coincident with the
resent boundary. This is notably the case at the extreme north of the district near the
glritish boundary above Teybin and Bilugon, and is also to be remarked elsewhere, though
the forest is so dense that 1t is rarely one is able to get a glimpse of any large extent of
country. Had it been otherwise than here supposed, it would be extreme{’y hard to under-
stand how the imperishable testimony of fossil-wood logs and fragments had been so com-
pletely removed from the hilly tract, where as a matter of fact they are wanting. They are
certainly the hardest bodies met with, and having held their own among the quartzose rocks
which comprise the bulk of the Irawadi gravels, must, a fortiors, have no less successfull
withstood the destructive action of -denudation amidst the softer miocene beds whicl
alone are met with in the Pegu ranges. I need not, however, dilate more on this subject,
which will be readily enough cleared up when the geology of those regions above the present
British frontier comes to carefully examined into which these fossil woods extend, and
wherein they seem to be more largely developed than within British territory.

MINERAL PRODUCE OF INDIA.

Towards the close of the year 1868, I solicited from the Commissioner of Kumaon
(and some other officers) information as to the quantity and value of the minerals raised and
brought to market within their jurisdiction. Such local operations, where minerals are
raised solely for local use, and in reality are never exported, or, only in very small quanti-
ties, even transported from one district to another, taken separately, are of small importance,
but when aggregated for the country at large, they represent an amount and value which
must be very considerable. And these small local mining operations can only become known
by the assistance of the local officers. To Colonel H. Ramsay, C. B., Commissioner of Kumaon,
I am indebted for the returns now given for Kumaon and Guriwal. The information
has been collected, under his orders, by Mr. Lawder, Civil Divisional Engineer, Kumaon.
Mr. Lawder was for several years one of the office staff of the Geological Survey, and

sessed, therefore, a general kmowledge of the subject referred to him, and has evidently
g::owd himself with u&f to the collection and preparation of information.

I was, I confess, surprised at the quantities stated to be raised and the extent of the mineral
industry. Viewed merely as a source of employment of labour, these returns show the equiva-
lent of the continuous labour during every day in the year of no less than 154 persons,
and yet the effect is scarcely felt beyond the narrow limits of the province itself, excepting in so
far as this local supply obviates the necessity for imports of materials from elsewhere.

MINERALOGICAL STATISTICS OF KuMaoN DivisioN, collected under instructions from
THE CoMMISSIONER, CoLONEL H. Ramsay, C. B, by A. W. Lawbeg, Esq., Civil
Divisional Engineer.

My endeavours to collect reliable memoranda of the mineral resources of Kumaon have
not been so successful in their result as I could have wished. The entire absence of reliable
native information, and the general unwillingness exhibited by the inhabitants to speak
at all on the matter, arising from the fear that any knowledge they might commumcate
would perhaps eventually be the cause of increased rental demand or of the appropriation
by the Government of the land in which the minerals occurred, have presented many
difficulties. The information obtained from the Bhoteeas was given with great reluctance.

Owing also to my having but little surplus time to devote to the full elucidation of the
subject, the memoranda supplied here are doubtless somewhat imperfect and incomplete ; my
duties, although carrying me to all parts of the Kumaon district, confine me (with some
exceptions) more particularly to the roads, and I have probablg repeatedly passed by old
mines, or places rich in minerals, in utter ignorance as to their existence, not to mention
other places remote from any frequented thoroughfare.
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In the following notes I am indebted to reports already published for much information.

The principal economic products in the Kamaon Division are the following : gold ; copper ;
lead ; iron; arsemic; sulphur; alum; lignite ; bitumen; limestones; flags; slates, &c., g:

DETAIL OF LOCALITIES. |
Kumaon District.

CoppRR.—Ores of this metal are found at Rai in Gungoli, Sira Barabisi,
Kharai, Kemokhét (each bank of Luddya river), Geewar, &c., &c.

Rai.—This mine is the principal one in the Putti. The ore is chiefly pyrites,
and ocours in a matrix of steatitic and talcose schist. I visited these mines in the
winter of 1868-69, and found the mines closed up by a landslip, and the entrances full of
m The ore is extractebed ttl’xy ms of drifts s htl{d chlmn ted tiro npvlv‘an{s tflf aﬁl_cl:: ﬁx

i as appears -to- e most generally adop hroughout the hills.
specim‘en’ of ore which I found on the spot seemed rich. I also discovered slight traces of
copper pyrites in quartzite near Gunai in Athagaon Putti. :

Sfra Barabfsf.—Sfra is noted for its copper mine. Dolomitic and talcose rocks form
the gangue. The ore is a mixture of copper and iron pyrites.

Kharai.—Goul is the principal mine. The ore is worked in the same manner as at Rai.
Steatite and limestone are the neighbouring rocks, the former being the matrix principally,

Kemokhét.—Copper is found in small quantity ou the east bank of the Luddya
river in Kali Kumaon. I have seen no specimen of the ore. ‘ )

Geewar.—There is a small mine of copper in this Putti. ‘

At Gurung and Chinkakolly there are mines which have been closed for some time;
also at Beler and Shore. .

IRon.—Iron' is found in Dhuniakote, Agar, Geewar, Kutoli, Ramgurh,
Tulli Rao, Chowgurka, &c., &c.

Dhuniakote.—There are the remains of some mines or burrows just opposite the
staging bungalow on the left bank of the Khyrna river. The ore is hamatite, occurring in
irregular masses in quartzite. The rocks in the neighbourhood are more or less impregnated
with oxide of irom. These mines are now unused.

There is also a mine south of Semulkha in this Putti, and another in Utehakote,
both now unworked. .

Agar.—This Putti is very rich in iron ore, almost every village having its mine.
The ore seems to be a brown hzmatite. It occurs here generally in beds or olefts, and
sometimes in irregular masses. The rocks in the vicinity are silicious. Only a few of these
mines are now worked to any extent.

Geewar.—Iron occurs in quantity in the neighbourhood of the villages Khetsari,
Maelehour, Tilwara, Simulkhét, Gudi, and Burlgaon. I can give no opinion
as to the kind of ore, having no specimens.

Kutoli.—At Suyalgurh there is some iron ore which is mot at present worked
to any extent.

Ramgurh.—~There are several mines in this Puttf, some largely worked.

Muanglalékh.—This mine in Tullf Rao Putti is highly esteemed for the quality
of its ore, which is raised in quantity.

M?baugurka.—'l’he ores of iron are plentiful in this Puttf, and are worked in some
places.
At Jhirratoli in Dartin the ore is magnetic.

Dechouree and Khiirpatal.—There is not, I believe, any ore, being at present
worked by the Kumaon Irortworks Company.

GRAPHITE.—This mineral crops outat Kaleemut hill to the north of Almorah in
the Jaﬁésur range, and on the spur of Baninee Devee, facing Almorah on the
Lohughat road.
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Gurkwd District. v

GorLp: Sona River.—This stream rises in the lower ranges of hills, and joins the
Ramgunga river in Putt{ Dhiin. Its sands yield gold, and the bed of the Ramgungs
below the junction is auriferous. The washing 1s not very profitable, scarcely averaging
4 annas a day to each workman.

Taluka Chandi.—The sands of the Ganges running through Chandi contain gold,
but the profit arising from the washing is not greater than in the Sona river.

Corper: Dewalgurh.—The Dhanpur and Dhobrf mines yielded largely in
former times, but of late years operations have not been so vigorously carried on, owing to
the intricacy of the workings, and the idea prevailing among the miners that very little ore
remains in the mines. The ores are principally copper pyrites, and grey or vitreous copper
ore, with the red oxide and green carbonate in smaller quantities. The matrix is calcareous.
Galena is associated with the copper ore.

Nagptr.—There are several mines here none of which appear to be at present worked.

Leap: Dhanpur; Tacheeda—These mines do not.seem to be extensively carried
on. The ore is galena, and the matrix principally of silex, with varying proportions of
felspar and calcspar.

There are some lead mines at Ghertee in the snowy between Milum and
Niti which have been long since deserted, also at Rallum, Bainskum on banks of the
Gorec river, and Baidlee Baghir.

Irox: Tullf Chandpoor.—This ore is probably a hmmatite with a little magnetic
iron, It has a slight repelﬁng action upon the needle.

Tulli Kalfphat.—This specimen resembles specular iron ore.

Mulli Dussolf.—The specimens are highly magnetic and rich in ore.

Tulla Chandptr, Rajbinga.—This hematite ore is largely worked.

NagpGr.—This ore gives no definite result with the ordi rough tests. It ma
possibly%e a carbonate of ﬂon. rlinaey ' v

Lohba.—Here a rich hematite is raised in quantity.

Mulla Nagptr.—The ore is most probably hmmatite.

Painu.—~This ore is brittle and hard, and ‘possesses the iron black colour and metallic
lustre of magnetic iron, but the specimens of it failed to affect the compass in the manner
characteristic of that ore. It may possibly on analysis be found to contain manganecse, and
if so, it will be an interesting mineralogical discovery.

Iriakote.—It is difficult to say what form of ore this is. Its streak fails to convey a
definite idea of its composition. It would appear to be an hydrous form of sesquioxide of iron.

Pokri.—These mines have been reported on by several officers,

SurrHUR.—This mineral is found both in Kumaon and Gurhwal. In the former
district at Moonsyaree, in the northern parts of the district, and there are also some
sulphureous springs, as that at Nynee Tal. In Gurhwal it is found in the range of hills

to tho north of the Pindur river within a couple of marches of Nundpriag; also at
Mulla Nagpir and Mulli Dussolf, but is not now collected to any extent,

Azsexnic.—Yellow arsenio (Hurifal) is found in the northern parts of the district near
Moonsyaree. Only small quantities are brought down to the Bagésur Fair by the Bhooteas.

Liantre.—~Indications of lignite appear near Raneebagh, close to Huldwanf, and
in the streams of the sub-Himalayas nortgegf Nujibabad. They do not give promise of
any workable fuel, and judging from the experience obtained in other parts of the hills, it is
questionable whether any lignite deposits will ever be discovered of such extent that they
will repay the cost of opening them up.

An analysis of a specimen of the Ranfbagh lignite gav

Cﬂl‘bon oo s o oo w600
Volatile matter ... e 361
Ash e oo o e e 36
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The percentage of ash 3'6 contrasts favorably with that of the ordinary Indian
coal raised in Bengal. The ashis colored by the presence of iron.

BiTuMEN or mineral resin (Salajit¥) occurs near the summit of many mountains where
it cxudes from crevices in the rocks.

In the neighbourhood of Kotegaon, Gowarsco, south of Paorce,itis seen near
the top of large cliffs, and is worked by natives by means of a scaffolding suspended from
the summit. I am unable to state the amount of it extracted. It is generally used as a medi-
cine and exported to the plains. Medicine from Salgjit is also prepared in Gunguli
i!; Ku e?i‘ aon, but I have been unable to ascertain from whence the mineral is originally
obtained.

LivestoNB.—~The Kumaon hills are prolific in limestones, occurring both in immense
masses, exhibiting various shades of color and structure, and as local Tufa deposits.

In the newer geological formations of the lower hills it occurs sometimes as a light
colored rock, and sometimes as the cementing material in conglomerate beds and very frequently
as Tufa deposited by local springs and streams. The process of deposition is most active
during the monsoon rains, and in nearly all the springs emanating from limestone rocks, the
waters are highly charged with calcareous matter.

These tufaceous deposits occur less frequentl(f in the higher ranges, but there the blue
hard limestones generally containing silex, and other hard varieties, prevail, forming well
defined beds, and in many instances they are the predominant rocks of some of the larger
hill runs. Small blocks of ve::'ly pure black limestones are sometimes to be met with, and I
have picked up some small nodules of kunkur in the Luddy a river.

The princ?al material utilized by the natives of this district is Tufa, it being more
casily burnt and prepared, and more suitable to the kutcha kilns in ordinary use. Where it
has 1n its composition a little iron it seems to yield a strong mortar.

The localities in which lime is manufactured are very numerous, the most important
being Naini Tal and Jeolf for use in the neighbourhood.

In the Kharai range, half-way between Ba.%éaur and Almorabh, from which the latter
station is almost wholly supplied. At Chitaili, in the hills north of Dwara Hat; at
S8imulkha, Baital &hat, and Dekoli, in the Kos{ valley, for consumption in the
works in progress in the new military station at Ranfkhét, and on the new cart-road from
thence to Ramnagar. There is lime, somewhat silicious, in Agar Puttf, in the
Retha Gir , Athagaon, and in almost all the hills in Gunguli. At Ramésur
it skirts the road gor miles.

It also occurs near Khyrna on the Almorah road, at Mulwa Tal, and in Geewar, &ec.

RooriNG Srates, &c.—Roofing flags are very plentiful in the district of Kumaon, and
are generally micaceous or chloritic.

At Chitailf near Dwara Hat there are some beds of imperfectly metamorphosed
clay slate, the planes of cleavage seeming to occur almost in the same lines with the bedding.
The quarry was formerly used to some purpose, but owing to the neglect of former owners, it
has been for years ﬁlledyup with debris, so that I was unable to observe the beds properly.

Clay slate occurs af®o in the neighbourhood of Naini Tal, but the cleavage is im-
ser{cctl developed. There area couple of quarries on the banks of the Ramgunga in
ult Puttf

BuiLpine SroNes.—Almost everywhere in the district within easy reach good
building stone is to be had. At Almorah fine-grained evenly-bedded quartzites and
mica schist form the hill itself, and supply material not to be excolled for

* Mr. Lawder is here in error in calling Salajit bitumen or mincral resin. It is an alum or native sulphato
of alumina which forms on the aluminous shales in the hills. At loast such is the Salajit of Nepal, where it is
well known and from which it is more largely oxported than from Kumson. Wonderful modicinal virtuer aro
attributed to it, and in the plains it often ae{la for its weight in silver (sce Notico of s nativo sulphate of alumina
from the aluminous rocks of Nepal, by J. Btevenson, .y Bupt,, H. C. Saltpotre Factorlo-il Journal, Asiatic
Bociety, Bengal, Vol. II, p. 321. Also On the alum or Balajit, of Ncpal by A. Campboll, Assistant Sur-

oon, &c., &c., id, p.483; also asecond note by Mr. Stevenson, p. 605). ‘Whether the mineral reforred to
5 Mr, Lawder be really the sume as Salaji¢ I caunot asscrt,—T, OLDRAX.



20 Records of the Geological Survey of India. [vor. 11

durability and facility of dressing. Mica schist seems to form the principal beds for
some distance to the east and west of Almorah, reaching to Dwara Hat and Massi
on the west, Pali, Ranikhét, Sfahf, Devi, Dole, and towards Kalfi Kumaon
to the east, and also in the formation of the Jagésur and Binsar ranges to the north.

At Naini Tal the stones used are limestone and clay schist. ’

At Ranikhét a pale colored gneiss forms both a bandsome and a lasting building
stone. .

Sandstone is abundantly found in the lower hills. .

Gneiss and chlorite schist are used frequently as building stones in the district.

Imports~The chief importations are Borax (Tincal),8art, and GoLp from Thibet.

Borax.—Borax is obtained from the borders of a lake at Chappakanni, a few koss
from the Kylass mountain in Thibet. :

It is collected from June to September and sold at the several fairs—Ganpa, Gupa
Chin, Sibbillum, Chakra, Taklakhal, Dhabakar, &e. It is purchased here by
Bhootea traders and brought down to Bagésur. At these fairs the price of crude borax is
something under 2 Rupees per maund (about 60 seers), and in the same state it fetches
from Ra.8 to 9 per maund at the Bagésur Fair, which is the chief mart of the
Jowari traders. The borax bought up here is despatched to Ramnagar, where it is refined
and redisposed of at about Rs. 22 to 24 the maund. v

Traders from the Byanse, Chowdanse, and Darma Passes transact sales of
borax at Dharchula and Burmdeo, and the Gurhwal Bhooteas from Niti st Kanaseo
and Ramnagar, nearly all the borax is disposed of to plains traders—

Probable amonnt of borax brought through Milum Pass in 1868-69 . 17,000 mds.
Probable amount of borax bronght through Darma and Byanac in 1868-69... 15, »
~ Probable amount of borax brought through Niti and Mana in 1868-69 ... 16,000 ,,

TOTAL ... 47,000 mds. -
e —

Sart.—Is found at Rhuduk in Thibet, and is sold at the same fairs as borax. It is
also found at Silungsakka in Thibet— ,

Probable amount imported vid the Jowar Pass (Milum) in 1868-69 e 4,000 mds.
Probable amount imported vid Darma and Byanse in 1868-69 .. 3,000
Probable amount imported 34 Niti and Mana in 1868-69 v .. 2,000 ,,

ToTAL ... 9,000 mds.

Salt is purchased in Thibet at"the rate of 1° Rupee 12 annas per maund (roughl
measured) and sold at Bagésur or Almorah at from 5 to 6 Rupees per maund. Almost a.ﬁ
the salt imported from Thibet is consumed in the hills.

Go.r.n.—ls found in many of the rivers in Thibet; at Silungsakka, &e.; it is sold at the
same fhirs as the salt and borax either in nuggets or in grains. About 10 to 13,000
Rupees’ worth is brought down annually, some of which is disposed of in the hill
districts (Kumaon and Gurhwal), probably about one-third, and the remainder most
likely finds its way to- Delhi, Agra, &c., &c. It is sometimes found to contain copper.
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Captain Garstin, in submitting the numerical return from Gurhwal, says—
¢ The retarn has been prepared from statements sent in by Putwarees, and I do not think
reliance can be p! on their correctness, as it must have been most difficult for
them to find out the information required; the people working the mines themselves not
having the slightest idea of the amount of ore they either collect or sell.

“The copper mines in Dhénpur used formerl{eto bring in a much larger revenue than
they now do; the fact being that the shdfts have been sunk so deep into the hill, and the

are so irtricate, that very few people will venture into them. The miners also say,
that ﬁ mines are nearly worked out.

“There is, one may say, no export of ores from this district, the mines worked only
being sufficient to supply the wants of the people.

“X that I cannot give further information, but the agency at my disposal ig
too limited to enable me to collate any that I would deem trustworthy.”
1st July 1869, A. W. Lawpzs.

The mines noticed in the above return have been known for many years.. Some of
them were noticed by the earliest European visitors to these hills. And when there was no
communication with other countries and no supply of imported metal, they were naturally of
higher importance and of greater value than in later years, when their rudely extracted
products have had to contend with European manufactures. The earliest description, in any
detail, of these sources of mineral wealth was given by Captain J. D. Herbert in 1829
in his report on the mineral productions of that part of the Himalaya mountains between
the Sutlej and K4li (Gfigra) rivers, &o. (Asiatic Researches, xviii, Pt. 1,227). In this almost
every locality noted above is mentioned. Dhénpur and Dhobrf at that time paid a revenue
or royalty for the right of working of Rs. 1,200 per annum ; Gangyili and 8ira of Rs. 1,000;
Pokn Rs. 600. The localities, modes of working, and rocks are described, and the means
of imyrovement noted. The iron and lead mmes are also noticed, as well as the non-
metallic products of the hills—sulphur, alum, bitumen, graphite, borax, limestone, &c., &e.
The inacceesibility .of the various places is also noticed.

In 1838 a rt on the copper mines of Kumaon by Captain H. Drummond appeared
in the Journal of the Asiatic Society of Bengal (vol. vii, p.934). In this he gives the results
of an examination of many of the mines by a practical Cornish miner, Mr. Wilkin, whom he
had brought out from England. The Rye (Rai) and the Sheera (Sira) mines, both noticed
above, are ogecially referred to. Mr. Wilkin recommended certain trials and improvements
in the m of working, taking a favorable view of the prospects. An experimental trial
was then made with the view of opening a regular mine at Pokri, in Gurhwal. Extensive
workings had here been carried on from very early times, and one mine, called the Rajah
Khén or Rajah’s mine, had, it is said, yielded in one year more than Rs. 50,000. At the
time alluded to (1838-39) the right of mining was leased for Rs. 100 per annum. Two

eries or adits were commenced, one in each of the two ravines in which the copper was
own to occur, the Rajah Khén and the Chumitti ravines, about 500 yards apart. Up
to May 1839, 149} feet had been opened in the Rajah Khén drift, and 111 feet in the other.
(Lieute7m;nt Glasfurd, On the experimental copper mine in Kumaon, Jour. Asiat. Soc., Beng.,
viid., 471).

The work was continued until June 1841, when the estimated cost had been largely
exceeded, and as no sufficient returns were obtained, the trial was finally stopped. At that
time 257} fathoms of ground had been driven through. In addition to the two old mines
noticed above, the Rajah’s and Chumitti (or Chaomuttee), a new o ningl was made, when good
specimens of ore were found near the surface, but at a depth of 16 fathoms they ceased, and
at fathoms it was abandoned. Details are given by Mr. Wilkin as to other mines in
the neighbourhood of Pokri also.

The total sum expended in this experimental trial was Rs. 7,384 and there was realized by
sale of r during the time Rs. 779%. Mr. Lushington, who gives these details, mentions
the real obstacles to success which have to be contended with. The distance of the mines
from the plains, the slowness and expense of carriage, the cheapness and abundance of
English copper, the superficiality of the mines yet known, and the want of coal are all
serious drawbacks.
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At the time Mr. Lushington wrote (1843) the mines of Dhéinpur were rented for Rs. 1,700
per annum in 1812. Under the Ghoorka Government, the rent fixed for mines for the whole
rovince was only Rs. 3,500 (Company’s Rupees). Since 1815, when Kumaon was conquered
y the British, up to 18486, the average revenue derived by the British Government was for
copper in Kumaon Rs. 800 to 1,200, in Gurhwal Rs. 3,086, the highest revenue for any year,
for all mines being Rs. 5,417. Iron yielded an average of Rs. 1,900 in Kumaon, and Rs. 226
in Gurhwal. (Account of experiment at Khotree gopper mine, with notices of other copper
mines, by G. 8. Lushington, Esq., Commissioner, ?f our. Asiat. Soc., Beng., xii., 453).

Again, in September 1845, Mr. Sigismund Reckendorf, Mining Engineer, reported on
the same mines, (Jour. Asiat. Soc., Beng., xiv, 471). Dbénpur and Pokri are on opposite
sides of the Douliganga, each about six miles from the river, or 12 miles a[f;rt. Dhanpur
is 1,000 to 1,500 feet higher than Pokri. Both are said to be on the same layer of talcose
slate, which §s stated to head north-15°-west. Mr. Reckendorf thinks, indeed, that the whole
of the known copper mines from the Nepal terai on the east to beyond the Pokri mine on
the west are only parts of one layer of no great thickness, sub-divided occasionally into
two or three! He considers the ore not to occur in a regular lode or vein, but in a bed.
Ho thought all previous trials had been msdirected, as they had been carried out in the
old workings, and that new ground altogether ought to be opened up. He formed a much

r idea of the chances of success at Dhobri, but considered that everything tended to
show that at Pokri copper could be obtained in large quantity. He urgently deprecates,
however, Government attempting anything itself.

In 1854 the Hon'ble Court of Directors sent out Mr. W. Jory Henwood, with two
mining assistants and an iron smelter, to examine and report on the metalliferous deposits
of Kumaon and Gurhwal. After going over all the districts, Mr. Henwood reported in
May, 1865. This report gives much useful information, but, so far as regards the copper
mines, the opinion formed was most unfavorable, and indeed eondemna.to\x. .S ing of
Pokri he says: “We have never before seen a spot so scantily sprinkled’with ore, and
offering, in our judgment, so small a prospect of improvement so extensively and perseveringly
worked.” - (Selections from Records of Government of India, Home Department, viii, p. 5).
The greater part of the report is devoted to the rich iron deposits of these hills, regarding
which we cannot at present speak. .

Subsequently to this (1855) I know of no systematic attempt to work the copper mines
of Kumaon or Gurhwal. The native miners have, however, continued to delve out annually
in a wretchedly insecure way a few hundred maunds of ores, an amount which, from
Mr. Lawder’s returns given above, appears to be more considerable than I should have expected.

The Geological Survey has not yet had an opportunity of visiting these hills.
October, 1869. T. OLpHANM.

COAL-FIELD NEAR CHANDA, CENTRAL PROVINCES.

Since the first notice of this field was published in the Records of the Geological Survey
(August 1868, p. 23), a v;ystematic examination of the field has been commenced. It was
fully pointed out by Mr. W. Blanford, in the paper referred to, that the country was in parts
so covered that it would be impossible to obtain any satisfactory knowledge of its structure
without borin% or sinking. Since then fwo skilled borérs and boring tools have been
obtained from England, and further sets of tools are on their way. The season had already
far advanced before these wero available, and as the rains were then near at hand, it was
considered desirable that these men who had f']ust arrived, and who were therefore quite
unacquainted with the peculiarities of life in this country and of the climate in which the
were to work, should, for a time at least, be kept where good house shelter could be obtained.
The work was placed under the immediate charge of Mr. M. Fryar, M. E., Mining Assistant
on the Geological Survey. And he was requested to select spots for boringr::ithm resch of
Chanda or Balla?ur during the rainy season and to keep the men at togethor, so
that they could aid one another in any difficulty which might occur at first starting.

Under Mr. Fryar's instructions the first bore-hole was commenced in the beginning
of June. This bore-hole (No. 1) was very near the south-east corner of the boundary of
the Nuggeena Bagh, north of the native town of Chanda. This bore was put down 80 foet
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and was then stopped, “as the material bored through continued to be simply stiff sand.”
A second bore was then commenced about 230 feet from the first, in the direction of the dip
of the rocks,—about east-16°-north. This passed through the following section :—
Peet. Inches.
12 0  Of ochrey arenaceous shale. '
8 0  Soft shale of deep red and purﬂe colour.
20 0  Of the same material as found in No. 1 bore-hole.
Total ... 40 o ¢

At this depth, 40 feet, this bore-hole was also stopped.

No. 3 was then commenced atabout 450 yards still further in the direction of the dip,
or into the field, or about 527 yards from No. 1. This bore-hole was near the junction of
the lﬁgisx.poor road and the Nagpur road, its bearing from No. 1 (magnetic) being about
nort -east.

This third boring gave the following section :—

Feet. Inches.
5 0  Brown soil.
11 0  Red brongel.
3 0  Brown sand.
l; 8 Limh reid irglnltone.
t pipe clay.
2 [} Dn;'rk brown clay.
12 0  Soft light sandstone.
3 0  Light brown sandstone.
10 0  Light colored sandstone.
7 0  Very light colored sandstone, very coarse.
2 0  Yellow sandstone.
4 [ Ve‘g dark sandy shale,
25 0  Variegated sandstone.
10 0  Yellow sandstone.
11 0  Brown sandstone.
9 0  Variegated sandstonc.
1 0  Coarse brown sand.
25 0  Variegated sandstone.
2 0  Light blue sandy shale.
2 0 Good coal (a).
12 0  Very dark blue shale, a little sandy.
7 0  Light blue sandstone, a little shaly.
24 0  Light colored sandstone.
1 6 Black shale mixed with coal (3).
18 0  Light blue sandstone.
1 0  Dark sandy shale.
0 6 Iron pzrlm.
18 0  Light blue sandstone and brown sand mixed.
Total .. 243 [

“And as in this depth we have entered something of a Talchir appearance, I have
stopped this hole and commenced one at Ballarpur.” (Mr. Fryar’s report, 24th July).

Specimens of the coals passed through in this pit, as brought up by the pump, were
assayed, and yielded—
Carbon. Volatile, Ash,
410 18

(a) two feet bed s . 478
(%) eighteen inch bed... . 427 412 161

both poor coals, neither containing 50 per cent. of carbon. The beds are also from their small
thickness unworkable with profit at that depth.

A fourth boring was made near the dik bungalow to the west by south, and between

the bungalow and the Jhurput nala. This (No. 4) was put down with small rods, “and

ht to have entered coar a few feet from the surface, if the aggarent dip of rocks at the

su had been a guide approximately to the dip of the coal beds below.” (Mr. Fryar, 28th

July). This boring was about 500 feet to the west of one put down by Mr. Binnie, C. E,,
in which coal was said to have been cut. No. 4 did not reach coal, and was abandoned.

Preparations were made for a fifth boring (No. 5) about six chains from the Jhurput
nala on the left bank, due south of the town of Chanda, but no boring was carried out here.

At Ballarpur, the first boring alluded to above was put down on the left bank of the
river, nearly opposite the point where coal is seen on the rigit or Hydrabad side of the river,
and about 300 feet from the river bank. This position was injudiciously selected, as
proved to be the case. It was in fact within the limits of the old bed of the river, and was ‘
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abandoned, as there was not tubing “enough to carry the hole through the running sand

and gravel met with.” This diﬁioull;sy might certainly have been avoided, but unfortunately it

was not. The probability was in fact pointed out in April 1867 (see p. 25, Records, Geological

Surve{:f India, 1868), whereit is said, “in sinking upon the Chanda side, it is far from

improbable that only alluvial clay may be met to the depth mentioned.” The bormq tools

were then shifted to a second position where rocks were visible close by. This second hole was
ut down about a mile to the north-east near they town of Ballarpur (less than half a mile).
his boring was catried down to a total depth of 236 feet.

The following is the section passed through :—

Foet. Inches,
3 0  Red iron brongel (moorum).

Soft brown sandstone.

Strong blue clay.

Very dark-red sandstone mixed with iron.

Brown sandstone.

8oft light colored sandstone.

Variegated sandstone.

Red eandy clay.

Dark colored sandstone.

Brown sandstone.

Hard red sandstone mixed with iron.

Brown sandstone, with mica.

Yellow sandstone.

Good coal.

Black shale.

Good coal.

Very dark shale.

Green looking sandstone (blueish). .

Dark-blue sandstone mixed with shale.

Light colored sandstone.

Iron pyrites.

Light colored sandstone.

Black shale, a little coaly.

Dark blue sandstone mixed with shale,

Light colored sandstone.

Iron pyrites.

Light colored sandstone.

Black shale, a little coaly.

Dark colored sandstone, a little shaly.

Iron pyrites.

Light colored sandstone.

gl-=uoeg5&3085«&—0@35~«e~5§3&00
<l cancvvccBovcoconvwoccoocccooce

Total ...

Mr. Fryar reported on the 16th September that he had ordered this hole to be stopped,
“as we are evidently in the Talchir sandstones.” He adds, ¢ you will observe a similarity of
section by comparing the second hole at Ballarpur with the No. 3 one at Chanda’ (given
above). There is doubtless some little similarity, but I am unable to see the proof that the
bore was evidently in the Talchir beds.

The boring rods were then moved from Ballarpur to a point on the road to Moolk from
Chanda, between two and three miles from Chanda town, near the place where the road crosses
the Jhurput nala, in the corner between the stream and the road to the south of the road.
This boring was in progress up to date of last report, and on the 12th instant had reached a
total depth of 124 feet 6 inches. The following 18 the section :—

Feet. Inches.

Loose sand and loamy soil.

Yellow sandstone and bands of ironstone.
Hard red ironstone.

Variegated sandstone, with little clay.
Soft red ironstone.

Ironstone band.

Red sandstone mixed with iron.
Yellow sandstone.

Variegated sandstone.

Yellow sandstone.

Very hard red rock.

Brown sandstone.

Light brown sandstone.

Light red sandstone.

Coarse light brown sandstone.

Hard red rocks.

Variegated sandstone.

Elgnmegqo—znoo=qu@n
ol coocconrSoocroowwe

;
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1t is evident that the rods have not yet touched a bed of the coal-bearing rocks in this
section, all the beds passed through belonging to the Upper or Panchet series.

Reviewing the results thus obtained, we find that borings at Chanda, which are repre-
sented as having passed through the entire thickness of the coal-bearing rocks there, and
to have pierced the Talchir below, (in which no coal is known), exposed only two thin
beds of poor coal, 80 thin as to be unworkable. While at Ballarpur also, a boring of about
the same depth (about 240 feet), said in Kke manner to have gone through the entire thick-
ness of the coal-bearing rocks and to have pierced the Talchirs, showed also two beds of
coal, one of 18 inches, one of 9 inches in thickness.

It need scarcely be said that none of these are workable at the depth at which they
occur.

Before these explorations had commenced, Major Lucie Smith, Deputy Commis-
sioner of Chanda, who deserves the highest credit for the sustained zeal and intelligent
earnestness with which he has prosecuted these enquiries, had a pit opened on the bed of coal
visible in the Wurda channel, near Googoos, or Chendoor. And from the coal there met with,
at a depth of 30 feet below the surface, a considerable quantity was raised for experimental
trials to which I will presently refer. As, however, this pit was within the limits of the
ordinary flood level of the Wunﬂ, a bore-hole was put down about 330 yards from the bank
of the river and nearly in the line of strike of the beds. This bore-hole was carried out
by Corporal Carson, of the Public Works Department, under the orders of Major Lucie
Smith, Mr. Fryar also assisting. As was tolerably certain at such a distance the coal was
found to continue. This bore-hole was sunk altogether to 121 feet 6 inches, and gave the
following section :—

Feet. Inches,

3 0  Saurface clay.

Red moorum.
Variegated sandstone.
White sandstone.
Yellow clay.
Dark-brown clay.
Black shale.
Coal.
Dark sandy shale.
Coal,
Blue shale.

, mixed with iron pyrites.
oal.

Shale.

Coal.

SzaBe

CereRowwenss

...
slencocacccoococe

Total ... -l-l-i

Below this is white sandstone streaked with black shale. It is much to be regretted

that the boring was not continued, so as to ascertain the thickness of the formation here
and the position of this thick deposit of coal in it.

The coal having thus been proved here, a pit was commenced and is now in progress.

A second bore-hole was then commenced about a mile to the south, and to the west a
little south of the village of Googoos. This is as nearly as can be the locality recommended
by the Geological Survey in 1867, “about 300 yards west of the village of Googoos.”

his bore-hole was carried down in all about 112 feet, giving the following section :—

Feet. Inches.
6 0 Surface clay.
23 0  Variegated sandstone.
0 3  Ironstoue.
21 6  Variegated sandstone.,
2 6  Red rock.
4 0 Yellow clay.
6 0  Dark shaly clay.
3 6  Shale.
2 0  Crimson colored sandstone.
17 0  Clay and sand.
20 0 Light colored sandstone,
7 0 Vuriegated wundstone,
Total ... 111 9
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These are very close approximations and fally bear out the value of such assays. In all
cases, it is worth notice also, the result as per assay is more favorable than that by actual
trial. Both methods of testing the value prove that good useful fuel exists near Googoos
in considerable quantity.

The explorations are being carried on with vigour, and the results will be given from
time to time.

In connection with this enquiry, it is necessary to give publicity here to some important
facts regarding which considerable misapprehon:{on l?as e?videntlyy existed. In the last
ﬁeneral report on the Central Provinces, the Chief Commissioner has (p. 76) said : ‘8o far coal

as only been discovered in that known as the Damuda series, and it remains to be proved
whether the Kamptee group is carboniferous.” This name ‘ Kamptee group’ has never been
published before or defined, and without such definition it is meaningless. It was a term
used by Mr. W. Blanford on a preliminary sketch map of the district, copy of which was given
to the officer of the Geological Survey working at Chanda for his information. But the term
was simply one of convenience, and for temporary local use as applied to a series of beds in
the vicinity, and signifying nothing more than those local beds ; simply a name used instead
of a long phrase to convey certain peculiarities in texture, &c. It is one of many such short
names which, used for a time merely locally, give place to others when relations and connec-
tions have been traced out. It has therefore never been nblished or used in any other way
than as a term of convenience among the officers of tH® @eological Department. It is in fact
meaningless without definition.

But having thus been used, I may state that the local beds so called “ Kamptee” are nothing
more nor less than the Central Indian representatives of the great Panchet series of rocks,
s0 well seen in the Ranigunj coal-field, still r developed in the Jherria, the Bokaro, the
Karunpura, and other detached coal-fields towards the west, and which series of rocks can
be (and have been) traced across all the intervening country up to Nagpur and Chanda.
And as in the Ranigunj field, so in every other section ex throughout the hnndreds of
miles of country (thousands of square miles) not a trace of coal is known to occur in them.
This induction is far wider and far more satisfactory than any examination of the Central
Provinces alone could afford.

‘But, in addition to this, accompanying this extension and development of the Panchet
series, there is, from east to west, a steady and continuous but rather rapid diminution of the
true coal-bearing rocks (the Damuda series), so that the formation which in the east is of
several thousand feet in thickness, with more than one hundred beds of coal of varying
thickness, and which is there easily divieible into three groups, on passing to the west so
dwindles down, that, in the Nerbudda valley and in the Chanda field, the total thickness of
the formation does not exceed as many hundred feet as it was thousands in the east, and that
all the coal is confined to a few beds of great irregularity near the base of the series. These
facts also have been established not by any local investigation, but by a long continued and
systematically carried out series of examinations and measurements spread over hundreds of
miles of the country.

There appears not a doubt as to the fact that coal does not occur in the Panchet rocks.
There is equally no doubt that coal is not in the Talchir rocks below, and the simple point
that remains to be proved in the Chanda field is the extent, thickness, and value of the coal
which does accompany the Damuda rocks. If the country were not so much covered the
limits of these rocks could readily be traced; there is no difficulty in distinguishing them.
But unfortunately there is a large part so concealed by superficial deposits that the existence
of these coal-bearing rocks must be probed out by boring. And this is what is now being
done by the Geological Survey for the Government of India.

The borings at Chanda and at Ballarpur given above are additional proofs of the very
limited thickness of these rocks. The entire thickness of the Damuda series, as it there
exists, together with all the overlying beds, is said to have been passed through within about
235 feet. Of this more than one-third belongs to the upper series, leaving the thickness of
the entire Damuda or coal-bearing formation here not more than about 150 feet !

The 18th October 1869. T. OLpmANM.
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#n the Ratpom, IDNstrict : CenTRAL PROVINCES.—To the information s y given

this lode sore but little has been added since then (sec Records, {Geological
. of India, 3, p. 87). i At the close of the season, Mr. Smart, the'|Revenug

engaged i that distrist, comipleted & small plan of the locality snd immediaté\ vicinit,

on o whle of f 1t0 the mile. He found ents of the wetallic vein sdatter
ug:"ﬂle top of on vhich /it was ‘scen for a distance of half 2 mile from the spgt
whery it was dis Iaat year. /’  The direction of dip of the vein could mot be ascertain
owing: of? the eomfdsed and i"mitured arrangement of the surface rocks.” Mr. Smart had/ne
means : ;: )

tha vein,

1 hope to be .P’ t hy?'.’ﬁle locality examined this season.——;l(. 0. %P

! —_— i

finess of Dr. Waldic wo are indebted’ for the rematning
Khetree stone, (fell Febyuary 1867) which he analghed

n excellent description at the wmeeting of the Asiatié Sucict¥y‘n

ow it is frequently so difficul} to procure ,specinens of tl

-

bighly interesting | which fall from the Leavens, as khe people, in theip ignora

ooking upom visitrs as eéyidence of the wrath of their deities, carefully reduce

powder and dissipate all the pieces; which they can procure. ly two picces are known 3
1

of the Geological Saivey. i '

.  Fwm Dr. Tsche , the sucecssor, of the much Dr. Moritz Hyrnes, in charge
of thé Imperinl Mineral Cabinct at Vienma, we have also received a ‘very good specimen of.
the %ll which vocurred at Slavetid, in\Croatia, on Jdie 22nd May, 1€ '3 7 .d Teseribed by tha
indefitigable Haidinger, on the 3ed D ber, 1868, to the Acad of Sciences, V.1 a.

Also, s specimen of the M « (Mgouh) f:il, of which we welre already iv possession of

eaist, beth small ; on:is in the u:lhw'Yn of the Asiatic Socieiy, and this one in the collect

a fine pises th h the g~ - M- wngu, (see Records, logical Survey of India,
Pebeinary, 1869!;,,“8’1'!11': - viy, 1868, %0\

Also, a specimen of the uce - . 1 ¢which fell at Kra\henberg nesr Zwei-
briidkien (Pfalz) onthe 5tl ., :Q’. S 4 i

- b
These valuable additions towur numer¥q col]eg\tion are further °~ - ¥4 the triendly
aid 1ind co-operation we have invariably exprrienced fromythe Geol W ‘w&/a g rp.

Octelor, 1869, C T, Ot
. S Y
. ACCENSIONS 70 Lix e ) e A
” Frox sy Jvry 16 30mi § s V%
Titles of Books. U o Donors.
Barw, Jonx.—t t.1ide tok the Eastorn 4., , lzmo., Lomf: “8
Barmanps, J.—1. Réapplaridion du genre Arlhusina, Ba.
. 11, Faune Silurienne des euvirons de H.. Bavitre, 8vo... Leipeir and
Paris, ¥868. ! Tug IAt‘Tuok.
Beavxoxr, Eniz Dk.—-l?sppért sur les progeds de la stratigra . ,' {tecueil de Rapports sur
I'état (des letires ot 'es prog:dn des ¢e en i nce, floy. Svo.,
Paris,{ 1869,
Benrcie, Di. E. W.—Goos;.‘,uosﬁsch-Pal:cqntologis«:he Beit _Mol. L1 Part 2, Roy. 8yu

Miidhich, 1869,
‘ Bewepxy, VAR, AXD GRrVAIS, Parr. —Octéor o 1 dos ( s vivuts of Rosaloe, 10 1e o)
. 3, 4,(with Plates), tl(v arts. -
A

FErNarD1, Ls Cuwu.ttﬁ,. A C—Monog: puie g0y Oalatir v Fise' v, 1,
I*a i, 1860. ‘ ~
Bravns, De. D.—Der uiittere Jura im nerdwe. 1 T Sland, o, Caserl, 1560,
Baxxnzs, D~<The Industrics of Scotland, their Rise, Foore L an? 1esent Condition, Sve.,
.7 Edinburgh, 1869,

»
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lds of Books. Donors.
Dom.rv —Ausser.—Matériaux pour I'étude des glaciers, Vol. VIII, Part 2, 8vo,, Paris,

oiseaux fossiles de la France, P: bo 80, 4to, Paris, 1867.
1cEWADD, E.—Lethsea Rossica, ou Paléontologie de h\?Busme, Part i12 with Atlas, 8vo.,

DWARDS, MILNE. —Recherches Am.fnmlques et Pdéoﬂo ques pour servir § l'histoire des

Y Stuttgart, 1869.

Gxx}vus, PAvL.—Zodogie et Paléontologie générales, Parts\;lo and 11, [ 4to., Paris, 1869.
‘¥ | KRTT, T. R—Geo] and Mining Report of the Gymme Gold E;eld Fcp., Gympie,
- THE AUTHOR.
‘Hpvenrox, Rev. s. —The Th}?e Kingdoms of Nature bneﬂy """ 0., London, 1868.
H | UGHTON, Rev:. S—On some )elementary principles in Anix = 1 . ics (From the Pro-
. ) of the Royal Society, No. 94), © 1n, 1869 (Pamphlet).
,,‘ i - e THR AUTHOR,

uw'mx \DR. GusTAV. —Beltx\' e zur Landeskunde der Herzogthumer, Schles und
AT Holsmq,afl Reibe, Hoft 1, dto., Kgil., 1869. e

N Lm'rm-, E., ux:}Cnns'rY, H —‘-Rehqmwe Aqmtamcae,,?arta 8, 9, 4to., London, 1869.

}immmw, MograTz.—Die arkt ische Fischerie der Devitschen Seestiidte, 1620—1868. Peter-
18::;3 18Geogn.69 phische Mltt/hellungen, Bupplement, No. 26, 4.,
8,/

t[‘ormxn, Bna’éu'n l}gg;n —Leitfaden zur Berg{bankunde, Band 11, Part 2, 8vo., Berlin,
t
an,G P.—Man and{Nature; or, Phyrslcal Geo oot adified by Human Action,
8vo., London, 1864, +© + = . o i .

R L B

MARTINI UND Cammrrza— {stematlsche AT " ‘.hi,_‘f" 190, 191, 4to., Niirn-
M ASTERS, ﬁ,’ :_1}713’“ ~e‘t§.3;e Teratolog;r, (Pub, ., ed 'by Ray Soc., London), 8vo., London,
T
MuIg, J—)rigi 1‘“ Text:,on the Origin and History of the People of India, their
onghE L thicknens, Inmt,utlops, Vol. I11, 8vo., London, 1868.

\

~ ‘ BRI Govr. oF INDIA.
N fiem, Dr A jagmet S Ungarn und Slavonien bisher beobachteten Gefass-
» Ngip. nen ’%md . 1y WioEier, (Published by K. K. Zool. Bot. Gesellsch,
ien ¥ herte
Op1'NG, Wn wan.—A cou ‘;; “:“;" lectaFes on the chemxca.[ dhuuges of Carbon, 12mo.,
Lon(

4, W. A, ux0 F.voy, . Protozoe Helvetica, Mittheilunge:n aus dom Berner Musoum
00:1 34, der ' “rgeschichte, &c., I, 4to., Bern, 169.

Paor, 1R ])Avm.-—(‘hipm/' d Chapters, a book for Amateun’ and Young Geologists, 8vo.,
Pasy, e

.. 1869.
Pr&FER, DEB. L—-Mala.l‘ ' ~gmche Blatter, Vol. XVI, 3—%‘303 8vo., Cassel, 1869.
,F. 4 —M tériaus o la Paléontologie Suisse ou regueil de m hies sur les
Trerer * fossile |J ura et des Af[l)es, 4th Series, Pa:ts 10, 11, 4 ogr(;gneva, 1868.

OUENS , F. A.—Petrefact , nde Deutscblands, 1st vaxslfan, Vol. II, Parts 2, 3, with
QrENSTEDT Atl:sc,t‘t W Lexpzlg, 1869.

" Roscok, H. BE.—Spectrum Am .8, 8vo., London, 1869.

, J.—Die Diatomer, ' sr bohen Tatra, 8vo., Wien, 1867. (Published by K. K. Zool.
SCHUMANK * Bot. G’ _cllsch., Wien).

TWEMLO®. Niuon {(iENCRAL —Facts and Fossils adduced to proye the deluge of Noah,
%va..  ndon, 1869.
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Warrsey, J. D.—The Yosemite Guide-Book: A descnptlon of the Yose
. the adjacent region of the Sierra Nevada, ap-
California, 8vo., Cambridge, 1869.

Ite v, X
the bié’atlizs a

Wmnz, JoH.—Beitriige zu einer Monogmphxe der Sciarien, 8vo., W;c - 136 °
by K. K. Zool. Bot; Gesells, Wien). ) ¢ 7 (P ublisbed A
Pxfmomc.sm. 7 L s
American Journal of Conchology, Vol. IV, Part 5, 8vo., Philadelphia, 1869. ooy
American Journal of Science and Arts, 211’& Series, Vol. XLVII, No. 141, 8vo., Nt )
1869. { Haven

Annals of Mndian Administration in thé year 1867-68, Vol. XIII, Part 1, 8vo., S .m
1868. /y THE GovT. OF IND

Annals and Magazine of Natural Hlstorv'g}}f; 4th Series, Vol. TII, Nos. 17, 18, Vol. I\ese

Nos. 19, 20, 8vo’ nek %1869 nce
Engineers’ Journal, New Series, Vol. X N,\.,‘lé-\zl 4to., Calcutta, 1869. to

to <
\ .

Geological Magazine, Vol. VI, Nos. 59, ¢ 8vo., London, 1869.
Journal de Conchyliologie, 3rd Series, Vol. IX, No. 3, 8vo., Paris, 1869.

Nenea Jahrbuch fiir Mineralogie, Geologie und Palmontologie, Parts 3, 4, 5, 1869, 8vo.,
Stuttgart, 1869. e

Nontahes Conchologicae, I Abth., 34 Lief.,
Novitates Conchologicae, II Abth., 14 Lief., 4¥o., Cassel, 1869.

Palmontographica, Vol. XVII, Pa t 2, 4to., 1869.

PerERMANN, DE. A, —Geograpblsuhe Mltthellun n, Heft. IV, V, VI, 1869, 4to., Gotha,

to., Cassel, 1869.

Professional Papers on Indmn Engmeenng, “Vol. %YI, No. 24, Roy. 8vo., Roorkee, 1869.
PrINCIPAL, Tnoxusou COLLEGE.
Quarterly Journal of Microscopical Science, New Series, No. XXXV, 8vo., London, 1869.
Quarterly Journal of Science, No. XXIII, 8vo., London, 1869.
Records of the Geological Survey of India, Vol JI Part 3, o~ .’:S' ’Cbcutt
IOLOGICI . fz .
Revue universelle des mines, de la Métallurgie, des travaux pnblms ey Vou 's. IXV &xy
os. 1 & 2, livr,, 8vo., Liege, 1869.
Zeitachrift fiir die mton Naturwissenschaften, Vol. xxxu, 8vo., Beﬂ 41
B/. " Nar. Fuer.'’ 3:;68 P
GovirNMERT SRLECTIONS, &C. (FROM - } vammkm) s R

BeN@aL.—General on, Public Instruction in ver Provinces of” tbe .
, 1867-68, with Resoli’ ‘um, Bvo., Calcutta, 1868. ‘
THE GoVERNMENT oF B- .

Report of the Meteorological Reporter to the Government of Bengal for the yeur:

" 1868-69, with Meteorological Abstract for the year 1868, 1;::
(hlcnttn, 1869. THE GOVERNMENT oF BENGAL.

Bousay.—Official ce relating to the System of Revenue Survey and Assessment
and its administration in the Bombay Presldencﬁo8vo , Bombay, 1869.

MBAY GOVERNMENT.

Barrise Buzmam.—~Report on Hospitals and Dispensaries for 1867-68: Extract from
in the Home Department, No. 263, Roy. 8vo., Maulmain.
1869, Cmier CoMMIssiONRR OF BeimisH Burmam.
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Ouvpa.—Report on the administration of Criminas justics in the Province of Oudh, 1868,
Foolsc., Lucknow, 1869. .?ustwe in the
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. ) CHIEF CcMMISSIONER OF OUDH.
+ £ % Repow-~ ythe condition and managoment « Jails in the province of Oudh, 1868.
- Foolsc., Lucknow, 1869. Curer Commiss1oNER oF OUDH.
Po~aaB.—Selections from_the Records of the Government of the Punjab and its De nd-
encies, New Series, No. III, on Belock Tribes in the Dera Ghazi

Khan District, by Captain C. Minchin, §vo., Punjab, 1869.
THE GOVERNMENT OF THE PUNJAB.

" Selections from the Rocords of the Government of the Prvjab and its Dependencies,

‘ New Series, No. IV. Administration6f the Bahawulpoor, Chumba,
and Patowdie States. 8vo. Pupfsb, 1869. g
- THE GOVERxMENT OF THE PUNJAB,

” Selections from the Records o the Government of the Punjab and its Depend-\\
encies, New Series, No. V. Tea Cultivation in the Kangra District. ™
8vo., Punjab, 1869. THE GOVERNMENT OF THE PUNJAB.

" Annual Report on Meteorological Observations, 1868, ‘y A. Neil, Esq. Fep.,
Loodianas#869. HE GOVEENMENT OF TH¥ PUNJAB.

” Results of Tour in Dardistan, Kashmir, Little Tihat. T.adah, manskar, &c. The
Languages and Races of Dardistsn. Vol f Parts 1, 2, by G. W.
Leitner, Esq., 4tv., Lahore, 1869. .

] THE GOVEENMENT OF THE Funyus.
Roorxer.—Thomason Civil Engineering College, Roorkee. Annual ' Examinati

» on, August,
1869. Report at the closeof the session, 1858.69. Fep., Roorkee,
1869. _ PRINCIPAL, THOMASON COLLEGE.

TRANSACTIONS or SOCIETIES, &C. o
BouBaY.—Transactions of the Bombay Geographical Society, from January 1865 to December
1867, Vol. XVIII, 8vo., Bombay, 1868. THE SOCIETY.

Cascurta—Journal of the Asiatic Society of Bengal, Vol. XXXVIIL, Part II, No. 3, 8vo.,
Calcutta, 1869.

THE SocIETy.
" Proceedings of the Asiatic Society of Bengal, Nos. 7, 8, 9, 8o, Calcutta, 1869.
; [ THE SocCIETY.
Dosuin.—Journal of the Royal Geological Society of Ireland, Vol II, Part 1, Sve., Dublin,
1868. : TaE SociETy.

Ka@r1s8ER0.—Schriften der Koniglichen Physikalisch-Ockonomischen Gesellschaft zu
Konigsberg, IX, Abtheil, 2, 4to., Konigsberg, 18_6?,
Lo%ox.—Journal of the Society of Arts and of the Insﬁtntiog}, inp-4suion, Vol. XVII

856—871, 8vo, London, 1869, T SocizTy.
P Journal of the BQyﬂG- 3graphical Society, Vol: XXX VIII, 8vo., London, 1868.
y . AR SOCIETY. /

,  Proceedings of the Rayal Society, Vol. XVII, Nos. 111—113, 8vo., London, 1869..
THE SocIkTy 1
. Proceedings of Royal Geographical Society, Vol. XIII, No. 2, 8vo., London, 186%. .
' Tar Socrery. ¢

» Quarterly Journal of the Geological Society, Vol. XXV, Parts 2, 8, Nos. 98, 99,

8vo., London, 1869. THE SOCIETY.

" Report of the Thir?-Eigbth Meeting of the British Association for the advance-

o

inent Science, held at Norwich in August, 18€ 8vo., London,
869.
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