Geological papers on western India, including Cutch, Sinde and the
south-east coast of Arabia : to which is appended a summary of the
geology of India generally / edited for the Government by Henry J. Carter.

Contributors

Carter, Henry J.

Publication/Creation

Bombay : Printed for Government at the Bombay Education Society's Press,
1857.

Persistent URL

https://wellcomecollection.org/works/a7k3ft4t

License and attribution

This work has been identified as being free of known restrictions under
copyright law, including all related and neighbouring rights and is being made
available under the Creative Commons, Public Domain Mark.

You can copy, modify, distribute and perform the work, even for commercial
purposes, without asking permission.

Wellcome Collection

183 Euston Road

London NW1 2BE UK

T +44 (0)20 7611 8722

E library@wellcomecollection.org
https://wellcomecollection.org



http://creativecommons.org/publicdomain/mark/1.0/

g













GEOLOGICAL PAPERS ON WESTERN INDIA,

INCLUDING

CUTCH, SINDE,

AND THE

SOUTH-EAST COAST OF ARABIA;

TO WHICH I8 APPENDED

A SUMMARY OF THE GEOLOGY OF INDIA GENERALLY.

EDITED FOR THE GOVERNMENT

BY e

HENRY J. CARTER, /

ASSIATANT SURGEON, H. . 8, |3u.'ﬂnnuu.‘l.L /

WITH AN ATLAS OF MAPS AND PLATES. 7

BOMBAY:

PRINTED FOR GOVERNMENT
AT THE

BOMBAY EDUCATION SOCIETY’S PRESS.

1857.






PREFACE. #

Tur Right Honorable the Governor, Lord Elphinstone, in Council
having considered it desirable that a selection of the papers which had
been published on the Geology of the Territories under the Govern-
ment of Bombay and neighbouring Coast of Arabia should be reprint-
ed, to serve as a kind of “ Hand-book™ for accelerating the develop-
ment of the mineral resources of Western India, were pleased to
request the Editor, in Mr. Secretary Hart’s letter No. 1304, dated
22nd April 1856, to state if he would undertake this duty, forward-
ing at the same time, and through the same channel, a list of such
papers as they deemed necessary for his guidance, with permission to
add to or omit from it any that he might think proper.

To this letter the Editor having in reply, intimated his readiness
to carry the wishes of the Government into effect, was entrusted with
the compilation; and having exercised the discretionary power just
mentioned to the best of his judgment, has so far therefore, become
responsible for what appears in the following pages.

The plan adopted in the arrangement of the compilation has been,
first to introduce the reader to the Geology of the great Trappean
Region of Western India, and then to carry him round its outskirts,
in order that he might be brought acquainted with the Geological
formations of India generally. His attention then is directed to the
Geology of Cutch, afterwards to that of Sinde, and, lastly, to that of
the neighbouring Coast of Arabia.

:!E"Gr this purpose almost all the Geological Papers that have been
written on these different parts have been reprinted in extenso, by which
the reader will not only have the full advantage of the Authors’ de-
scriptions, but the facts contained in them in their own words. Of the
papers which have not been printed entire, chiefly to avoid repetition
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of what appears in other parts of the volume, abstracts have been
made ; and of the few which have not been printed at all, whatever

they contain worth remembering is embodied in the papers which
have been printed in evfenso. So that with the exception of this
matter, altogether only amounting to a few pages, the book comprises
all that has been written on the subject, and therefore all that the

Geologist of Western India can at present obtain, to lead to future
discovery.

It must not be thought, however, that this compilation embraces an
introduction to geology ; this the reader must have already acquired
before he can even understand its contents ; nor must the Economist
expect to find all that information here which he desires, for such
detail would be incompatible with the object of the work; but both will
find in it reason based on a geological knowledge of the structure of
the earth in India, or, in other words, scientific Indian Geology ; a light
which, though dim at present, will brighten as it is used, and at
length lead to that development of mineral resources which the mere

Economist would grope for in the dark, without finding, to the end
of time.

All the papers reprinted in exfenso are unaltered from their origi-
nal form, with the exception of those by the Rev. Messrs. Hislop and
Hunter, and those by the Editor. The former of which have received
several valuable alterations and additions from the Rev. Mr. Hislop;
and the latter have not only been re-cast in many parts, but have
undergone as much alteration, addition, and correction throughout

as the Editor had time to give them while they have been rapidly
passing through the press.

To the Editor’s ““ Summary of the Geology of India,” which was
included in the Government list, and has therefore been printed at
the end of the volume, the Editor has only been able to add * Foot-
notes” suggestive of the future alterations that should be made in it :
being unable to.devote that time to a re-arrangement of the whole
which such alterations would necessitate.

Further, that the compilation might be made as useful as possible,
not only the maps and plates belonging to most of the papers have
been lithographed to accompany them in the form of a separate Atlas,

but the Editor has also added an Alphabetical Index for reference
to their contents generally.
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In the spelling of the names of places the Editor fears that with
those who are unaccustomed to the interchange of vowels and permu-
tation of consonants so common in India, an adjustment of the
different renderings will be found impracticable ; and he cannot help
expressing his regret that any other system of orthography should
have ever been introduced for this purpose than that which the mass
of educated Englishmen (not Literati) would adopt,—that is, spelling
the name in English according to its pronunciation in the original
tongue. If this had been the case, the greater part of the names of
places in this volume would have been alike, instead of different
in almost every paper, which, though a matter of little importance to
those who have been some years in India, will, he fears, if this para-
graph be not read, lead not only to confusion, but a want of confidence
in the reprint of these papers, among geologists who are residing in
other parts of the world.

Lastly, the Editor would, by way of assurance, observe that in read-
ing this compilation for the purpose of making the Alphabetical Index,
he has found the typographical errors so few and of such little import-
ance, that a list of them seems hardly necessary ; but as there are some,
and doubtless other defects which he does not at present see, he trusts
that the criticisms of the reader will be influenced by remembering,
that the compilation has been made, partly written, and partly illus-
trated in the midst of the performance of harassing and incongruous

duties, which not unfrequently, have nearly compelled the Editor to
relinquish it altogether.

C.
Bombay, 2nd March 1857,
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GEOLOGICAL PAPERS ON WESTERN INDIA.

On the Fossils of the Eastern Portion of the Great Basaltic District
of India. By Jonn G. MavcoLmson, Esq., F.G.S.*
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IxTRODUCTION.

Tue principal objects of the following paper are, to submit to the.
Society an account of a series of fossils discovered in the eastern part
of the great basaltic district of India; and to endeavour to arrive at
some approximate conclusion respecting the geological era of this
basaltic formation, which, extending over more than 200,000 square
miles, conceals, breaks up, or alters all the other rocks from beneatl
which it has forced its way. Of the eruptions to which this rich and
romantic country (formerly including several considerable kingdoms)
owes its existing form, a late President of this Society remarkst that

* Reprinted from
(Second Series, )

N.B.~In this and the following reprints, copies of the maps only will be now added, and
those of the woodeuts ang other figures deferved for subsequent publication. Hence there
will be a * running number  fop the plates which arve to contain the latter, substituted for the
numbers which appear i the original editions.—Epiron.

T See i‘flr- Murchison’s Anniversary Address, Geological Proceedings, vol, i. p. 451
¥

the Transactions of the Geological Society of London, vol. v. p. 537.



2 FOSSILS OF THE EASTERN PORTION

the mind is almost lost in the contemplation # of their grandeur” ; but
“that unfortunately the velative age of the eruptions must remain for
the present undetermined, no vestiges of secondary or tertiary forma-
tions having been detected within the region.” Having therefore, in
1832, collected a series of lacustrine fossils, probably referable to the
tertiary epoch, from a portion of this district extending 140 miles north
and south, and having procured others from localities to the north and
west of that which furnished my own eollection, I am induced to sub-
mit the specimens to the Society.* If they should be deemed of suffi-
cient value, I wish a selection to be deposited in the museum, to afford
a means of comparison with a duplicate set, which I shall forward to
the Asiatic Society of Bengal.f

But it is not alone by supplying some data from which to infer the
relative age of the great trap formation, that these specimens are valu-
able. They will afford the means of connecting the great sandstone
formations of the south and north of India, containing the celebrated
diamond mines of Parteal (Golcondah), Bangnapilly, and Panna, as
well as the limestones and schists associated with them ; and which,
from the latitude of Madras to the banks of the Ganges, exhibit the
same characters, and are broken up or elevated by granite or trap rocks,
in no respect differing in mineralogical characters or geological relations.
A few remarks on these formations, and the physical geography of the
countries in which they oceur, will be a necessary introduction to a
more particular account of that portion of the trap district in which the
fossils were found, Mr. Calder’s sketch not being sufficiently detailed,
and the map attached to his memoir containing some errors of material
importance.}

GenERaL. SKETCH OF THE Pnyvsicar Fearures, Hyprosrarny, &e.

An elevated tract to the north-west of Bundlecund (not included
within the range of the Map) may be considered as the geological con-
nexion between the provinces watered by the southern branches of the
Ganges and the Deccan, including all the countries to the south of the
Nerbudda. From the north of this plateau, which extends far to the
west, a number of great rivers descend, by a series of rapids and falls
over sandstone escarpments, into the valley of the Jumna and the
Ganges. From the east and south of the same tract, the Mahanuddy
river collects a great body of water, and after a comparatively short

* See [original] Plate XLVIL, [loc. cit.—Ep.] drawn, engraved, and described by Mr. James
de Carl Sowerby.

t The Mﬁ!ﬂf of specimens presented by Mr. Maleolmson to the Geological Society have
been arranged in the foreign department of the museum.
1 Asintic Researches, vol, xviii,



OF THE BASALTIC DISTRICT OF INDIA. 3
course through ecountries little known, but containing the diamond
mines of Sumblepoor and extensive trap and gneiss formations, empties
itself into the Bay of Bengal, not far south of the Delta of the Ganges.

The Nerbudda, which flows in an opposite direction, is more inter-
esting in a political and geological point of view ; and the extensive
countries through which it passes have been more carefully investigated
than any other part of the Peninsula. This river takes its rise to the
west of Amerkantack, and traversing a country of granite, sandstone,
and basalt, abounding in iron and the finest dolomitic marbles, reaches
the Indian Ocean through the alluvial plains of Guzerat. At Jabul-
poor and in the neighbourhood of Saugur, fossil mammalia, shells, and
silicified palms have been recently discovered. Fossil shells have also
been found in some of the trap hills, which have broken up the sand-
stone near the sources of the Taptee. This river is separated {rom the
Nerbudda by a range of basaltic mountains; and having the same
direction as the Nerbudda, its whole course appears to be in the basal-
tic formation. (See N.W. corner of Map.)

All the other great rivers of the Peninsula, including the Godavery,
Kistnah, Pennar, and Cauvary issue from the Western Ghats, from the
summits of which the country slopes gradually to the east, except at the
extreme south, where the descent to the plains of the Carnatic is consi-
derable and precipitous.

The Godavery (see Map) rises in the basaltic region described by Co-
lonel Sykes (Geol. Trans. vol. iv. pt. 2, 1836), and, greatly increased in
size, it enters the granitic table-land of the Dececan, and flows at the
southern foot of the Sichel Mountains into a sandstone and argillaceous.
limestone country, This distriet is similar to that of Bundlecund and
Malwa ; it also contains diamonds, and has been much broken up by
erupted rocks. From the north, the Godavery derives large supplies of
water from the great rivers rising south of the Nerbuddaand the Taptee,
in basaltie tracts, the soil of which being retentive of moisture, the water
1s everywhere near the surface. From the south it receives only the
Munjerah river, which, flowing through arid granitic plains, furnishes
but a scanty addition of water, except during the rainy season. Through
a pass in the gneiss mountain of Papconduh it enters the plains of the
Cm_'ﬂmandel Coast. In this district the sandstone re-appears, at an ele-
vation little above that of the sea ; but basaltic hills, several hundred
fee.t in height, in which marine fossils have recently been discovered,
exist alm.nst within the delta formed by its sediment,

_ ThE_Kislnah derives its waters from a number of considerable rivers,
nsing in the basaltic and gneiss summits of the Western Ghats, which
condense the greater part of the clouds carried by the south-west mon-
soon from the Indian Ocean. Flowing through the territories of the
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Southern Mahrattas, a country covered with a rich basaltie soil, and
abounding in schistose limestone, sandstone, granitic rocks, and basalt,
it enters the granitic platform of the Deecean, the limits of which in
this direction are unknown. The limestones and sandstones, however,
soon re-appear on descending the river, and extend aecross to the basin
of the Pennar, and as far as the aseent to the granitic platform of the
Mysore. It is on the banks of the Kistnah that the richest diamond
mines occur, and that the sandstones acquire their greatest elevation,
amounting to more than 3,000 feet; the river passing through mural
precipices of this rock and of the schistose limestones to be presently
described. It then enters the plains of the Carnatie, where the same
rocks oceur, sometimes a little elevated above the level of the sea, at
others forming the caps of granite mountains, or broken up by varieties
of greenstone and basalt. Thence, passing through a narrow gorge in
the gneiss hills of Bezwarrah, it enters the alluvial plains continuous
with the delta of the Godavery. Its waters, however, are more loaded
with mud than the lastmentioned beautilul river, and the deposit of
new land may be seen, by the inspection of a common map, to be pro-
portionably great.

The Pennar is comparatively a small stream, but of much geological
interest, the greater part of its waters being derived from the districts in
which the diamond sandstones and the argillaceous limestones, on which
they rest, are exhibited in their most characteristic forms, and where they
are most easily investigated. To deseribe these strata indetail wounld be
out of place here : 'but a few of the leading facts must be stated, that
the identity of the formations with those of the fossiliferous distriet,
more immediately the object of this paper, may be rendered manifest.
Like all the rivers of Southern India, granite is {requently seen in the
bed of the Pennar, more especially in its sovthern branches, where the
passes of Ryachottee lead to the granitic table-land of Mysore, having
an elevation of 3,000 feet above the sea, or 2,500 above Cuddapah, the
principal town ol the Pennar basin. With these exceptions, and the
oceasional appearance of trap through the stratified rocks, the rest
of its course, till it approaches the sea, is over rich plains of black
and saline alluvium, derived from the decomposition ol basalt and of
the stratified rocks so oflten referred to. From these plains numerous
table-lands, insulated eminences, and ranges ol hills, having for the
most part a direction nearly N.E. and S.W.,, rise abruptly, presenting
mural precipices of difficult access, around the base of which the roads
often make extensive circuits. The Nulla Mulia hills, extending from
the Mysore frontier to the basins of the Kistnah and Godavery, and the
minor ranges dependent on them, and having the same composition and
direction, are crossed at right angles by the Pennar, which makes iis
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way throngh them, like the Kistnah, by traversing narrow gorges with
perpendicular sides.

There is not a more remarkable phenomenon in the distriet watered by
the Pennar than the horizontal summits of many of the ranges, and the
distinet manner in which the continuity of the strata ean be traced from
one hill to another, although extensive plainsintervene ; while, at no greal
distanee, the sandstone which forms the summits of these hills is seen
on the same level as the surrounding plains. Numerons instances also
occur in which the original continuity of the horizontal summits is
easily traced ; the strata on the opposile and nearly perpendicular sides
of a valley being similar, but having a considerable dip, the beds de-
scend to the general level of the country. A good example of this is
seen in Section 2 (Map), at Chintagoouta and Gundicottah. These
anomalies were at first quite inexplicable, nothing appearing in the
valleys but a rich alluvium, nor on the summits (which are reached
with much diffienlty) but a sandstone perfectly horizontal, and divided
into huge tables by perpendicular partings, sometimes separated several
feet from each other, and filled with broken pieces of the rock., This
jointed strueture is common to the sandstone, the schistose beds on
which it for the most part immediately reposes, and the stratified
limestone into which these schists pass insensibly ; but the size of the
tables so formed varies [rom rhombs of a few inches, in the schist and
lower part of the sandstone, to enormous masses on the summits of the
hills, Nowhere is this structure and the succession of strata, of which
it is characteristic, better seen than in the table-land in which are
sitnated the celebrated diamond mines of Bangnapilly and others now
deserted. The accompanying woodecut (Plate I. fig. 1) will give some
idea of one of these mines.

The plains at the base of the table-land of Bangnapilly consist of a
rich black alluvium, containing fragments of basalt, jasper, and the
various minerals found in the hills. It rests on a fine, compact, dark
blue or nearly black limestone, which contains much argillaceous and
siliceous matter, 'This limestone abounds with springs, and is in some
places so cavernous as to afford passage to subterranean streams. Basalt
protrudes in a few places near Bangnapilly. On ascending the hill, the
limestone becomes more schistose, and is of a paler colour, gradually
approaching in its structure and composition to clay slate, but it is far
m-::-re' friable;. On the schist a more or less compact sandstone rests,
varying very much in colour, composition, and appearance in different
places. Above Bangnapilly it contains the diamond breceia desecribed
by ?“FSEF- As far as the shafts which I had an opportunity of ob-
EET‘Fmg_EHﬂHEd me to judge, the brececia is not an interstratified rock,
but an intermixture of the common sandstone, in different parts of the



6 FOSSILS OF THE EASTERN PORTION

same stratum, with larger fragments of older rocks, generally ronnded
but sometimes angular. It is not, however, the object ol this paper to
describe the mines and the interesting district in which they occur
further than is necessary to exhibit the type of the formation, by the
study of which I was enabled to understand more clearly the less
distinct appearances exhibited by the same rocks, where they have been
invaded or buried by the great basaltic eruptions of Central India. On
the opposite or west side of the valley, the hill is composed of the same
argillo-calcareous formation ; but, according to Colonel Cullen, ¢ instead
of a sandstone cap, it is erested in its whole length with a sharp black
ridge of trap rock, formed of loose blocks piled upon each other, the
apparent base of which observed a pretty uniform level, nor is the ridge
of much depth. Its extreme narrowness, deep black colour, and the
total absence of all traces of vegetation, formed a singular contrast to
the rest of the hills, which were covered with long dry grass and scat-
tered bushes.”* Ata small pass some miles further to the west, the
road in ascending passes over first the dark limestone and a narrow
belt of schist, then trap, which is again succeeded by limestone, and the
latter by schist, nearly to the summit, ¢ which is capped with a rock of
a beautiful flesh colour, with specks and shades of a beautiful green, as
if conneected with its vicinity to the trap, and of so close and fine a
texture as to appear homogeneous even with a lens.” ¢ The descent
of the pass on the opposite side consists of a clay slate nearly to the
foot, where the limestone re-appears, and these two rocks continued to
alternate with each other to the foot of the second Ghit, which, like
all the former, was composed of clay slate capped with quartzose sand-
stone.” T

The sandstone exhibits many varieties of grain, colour, and hardness:
in some places it is white or red, and can be cut into pillars and slabs
of great size and beauly ; in others it is =olt and friable, and its inferior
beds are not unfrequently schistose, so as to be with difficulty distin-
guished from the subjacent rock, with which it has in one or two
places been observed to alternate. Where the sandstone approaches
the great granitic tracts to the south and west, it passes into a compact
quartzose rock, as is seen on both sides of the Tripatty Valley. This
passage is also observed in other places, as near the Cuaddapah diamond
mines, where the plentiful occurrence of basaltic pebbles shows the
neighbourhood of the trap. Besides the diamond conglomerate, consist-
ing of a great variety of minerals, seams of rock erystal occur, and a
fine white quartz containing argentiferous galena, which in former

* Colonel Cullen, in Transactions of the Literary Society of Madras, January 1837, p. 50
T Thid.
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times furnished the country with lead. Specular and micaceous mag-
netie iron ores, but containing much peroxide, and common iron pyrites,
occur with the galena. As far as I have observed, the sandstone
always rests conformably on the schists, although from its jointed
structure it occasionally, when elevated, appears to meet the subjacent
rock at a more or less obtuse angle.

''he schists on which the sandstone rests vary very remarkably in
colour, being in different places blue, red, green, or pure white, in
which they seem to bear some relation to the incumbent sandstone,
They are also occasionally flinty or jaspideous. Sometimes they are
wanting, the sandstone resting directly on the limestone, of which the
schists are evidently merely the upper beds, and into which they pass
insensibly, although it seldom happens that considerable effervescence
does not occur on examination by tests. It is in many places impos-
sible to say to which portion of the series any particular specimen
belongs.

Voysey has classed the schists with the sandstone under the name
of #“the clay slate formation” ; I have, however, preferred to designate
the depoesit “argillaceous limestone,” a term used by him in one of his
sections as applicable to the limestone, and which well expresses not
only the general character of the rock, but that also of the upper schis-
tose beds.

The limestone is a compact rock, but the strata are usually thin, and
are often intersected by vertical partings, a circumstance which fre-
quently limits its use in ornamental architecture. Its most common
colour is a light blue, passing into black ; but it oceasionally occurs of
a nearly pure white, and affords an admirable material for basso-
relievos. On this stone the finest sculptures of the ruined city of
Amrawuty are executed, and for delicacy of workmanship they have
perhaps never been surpassed. Were it not for the occurrence of small
crystals of quartz, the same quarries would furnish an excellent
lithographic stone. Near Cuddapah the dark variety is the common
building stone, and many fine columns, caryatides, and cisterns are
composed of it. The stone is applied to the same objects in the
Southern Mahratta country, and along the course of the Godavery
towards Nagpoor,

_To the south and east of Cuddapah, a narrow valley, nearly 150
f'mle:s in length, extends through the limestone, the strata of which are
In some places nearly vertical, but form rounded hills. In others they
are capped by sandstone, which exhibits mural precipices of much
grandeur, and almost or entirely inaccessible. The strata, for the most
part, _diP to the N.W., resting on the granite of the Carnatic. This
rock is penetrated by many dikes of greenstone, which have evidently
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been instrumental in elevating the stratified rocks to their present
singular positions. Little has yet been ascertained regarding the
thickness of these strata, which differ mueh even in the same range of
hills. The only minerals they have been ascertained to yield are
varieties of quartz and iron pyrites, the latter of which is so abundant
in a few loealities that sulphur is manufactured from it. At Jumnl-
mugadoo I found the limestone interstratified with muriate of soda ;
and it is therefore probable that the salt diffused through the alluvial
soil =0 extensively as to render the water of the Pennar brackish during
the hot season, and the inhabitants independent of the sea-coast for a
supply of that article, is derived from this source.

On emerging from the gorge in the Nulla Mulla range the Pennar
enters the plains of the Carnatie, and near its mouth flows through low
hills of laterite. This deposit rests on the ordinary granite of the Car-
natie, with its associated syenites, hornblende schist, quartz rock, and
mica slate. It is in a rock composed of a mixture of the last two
minerals that the copper-mines of the Nellore district are sitnated.*
In the same neighbourhood, the sandstone and argillaceous limestones
are little elevated above the sea, and are continuous with the same
rocks on each side of the Kistnah. They are broken through by insu-
lated basaltic hills, in the neighbourhood of which subterranean sounds
and frequent local earthquakes are reported to oceur; an assertion I
am the more inclined to believe, having mysell experienced two slight
shoeks during a casual visit to the distriet.

Having briefly described some of the more remarkable phenomena
exhibited by the southern portion of the great sandstone and argilla-
ceous limestone formations, it will be unnecessary to enter intoany detail
when we meet with the same rocks to the north of the Godavery in
connexion with the fossil beds discovered in the great basallic distriet.

Gravite Prarrory BETWEEN THE Kistnanm anp Gobpaveny.
(See Map and Section 1.)

‘With regard to the granitic platform of the Deccan, which intervenes
between the Kistnah and Godavery, much accurate information is
already before the public ; it will therefore be necessary only to observe

* The ores are of various kinds, but the richest isa sulphuret, containing, according to Mr.
Prinsep, 68 per cent. of the pure metal. The copper also oceurs ina slate which Mr. Ouchter-
lony, of the Madras Engineers, informs me was considered in Cornwall to be identical with
the RKillas. If this slate belongs to the “ argillaceons limestone ™ formation, the fact will be
of use in determining the relations of that rock to the gneiss, tale slate, and mica schist ;
subject on which no observations of any value have yet been made. The pnumw rocks ui'

this district contain maguetic iron ore and corundum, both of which occur in the diamond
sandstone,
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that it is intersected by numerous greenstone dikes (sometimes of green-
stone porphyry), having for the greater part a direction from S. by E.
to N. by W, and not very different from that of several of the ranges
of basaltic mountains to the north.

These dikes, and the detached masses connected with them, are en-
tirely composed of a crystalline compound of hornblende and felspar,
without distinet erystals of augite ; and I have never detected olivine in
them. 'The rock shows a tendency to separate into spheres composed
of concentric layers and into irregular prisms ; and the same structure
in some degree occurs in the granite, syenite, pegmatite, &c. of the whole
of the south of India. The greenstone is exceedingly hard and diffienlt
to work, but it takes a most beantiful and durable polish, as in the mag-
nificent mausoleums of Golcondah, the tombs of Hyder Ali and Tippoo
Sultan, at Seringapatam, and in many of the sculptures of the Carnatic
pagodas.* Where these dikes rise into hills, the summits only are
composed of the compact greenstone, which graduates below into the
granite of the surrounding country. Many of the veins of basalt in the
passes of the Mysore and Neilgherry Mountains differ from these, in
possessing the structure of the compact basalt of Bombay and other
places in the trap countries, and in branching into narrow veins (olten
not an inch thick), which traverse the granite without mixing with it;
while the ordinary greenstone dikes of the Deccan are almost always
accompanied by separate nodules, of greater or less dimensions, insu-
lated in the granitic mass, the component parts of which appeared to
me to be there, in most cases, arranged in larger erystals,and to be more
subject to decay, than in other places. I could not resist the inference,
that, at the time of the formation of these dikes, the granite was in a
state approaching to fluidity ; although, as some of the narrow veins can
be traced for many miles through the granite, they do not appear to
have been formed at the same time.

Several small basaltic hills are insulated in the granitic platform in
the line of route between Hyderabad and Nirmul, and they are based
on decaying granite. Their flat summits and steep sides correspond
with the hills of the great trap district; and the general line of bearing
ﬂi: the broken ranges of which they appear to form a part does not
differ much from that of the basaltic mountains to the north, or from
the greenstone dikes ; but many hills are scattered over the plains to the
eastand west, and cross this line of route in every direction, Thelower
part of the hills js ecomposed of thin tables or lamin® of a sonorous
"B-I_’: and the upper of globular concentric basalt; the external layers of
which are extremely friable, generally grayish, or soft and soapy to the
feel, and are of a greenish tint, except where the stone is much loaded

2 * It is familiarly known in India as “ black granite.”
=4
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with ferruginous grains of a reddish brown colour. In some places the
metallic matter has the appearance of having been partially smelted,
and is of a fine red hue.

The nuclei of the “concentrie basalt,”” which are exceedingly tough,
and resist decomposition powerfully, are of a deep black colour, and
contain large crystals of olivine, and small kernels of calcedony. The
first of these minerals is not found in the soft external coats, yet it is so
closely united with the substance of the rock as not to admit of a doubt
of its being of contemporaneous formation, and not, as supposed by
Berzelius,* a fragment of a pre-existing stone enveloped in the liquid
matter. Small, but very characteristic specimens of caleedony are of
more frequent occurrence in the softer portions of the rock, especially
between the concentric nodules; but they are intimately mixed with
their substance. It is remarkable that [ detected no calcareous minerals
in similar sitnations in these hills, although the rock is so impregnated
with lime as to have led to an extensive deposit of cale-tuff (Kunkur),
at present forming along its base, and projecting sometimes half a foot
from between the partings of the basaltic tables. ¢ The presence of
olivine, the solt wacké in which the globular basalt is imbedded, the
less crystalline structure, the passage into a porous amygdaloid, con-
taining calcedonies, zeolites, &e. and the granite in the neighbourhood
of all the smaller masses differing little from that at a distance,” may
perhaps be sufficient to distinguish these insulated basaltic hills from
the greenstone.¥

On approaching the Godavery, the granite in some degree changes
its appearance, containing large and beaatiful crystals of red felspar,
occasionally imbedded in veins of transparent quartz, clouded with
spots and wavy lines of a turbid milky ecolour. Greenstone dikes are
there more common. 'The river flows over granite, which is intersected
by several dikes of greenstone, ranning more in a north and south di-
rection than those above referred to, and having many minute white
erystals diffused through their substance. The dikes project from 8 to
10 feet above the granite, and are divided into rhomboidal masses by
fissures, in which lime is deposited. The bed of the river is covered by
numerous [ragments of calcedonies, zeolites, and other minerals found
in voleanic rocks; and they have been cemented into a more or less
solid calcareous conglomerate. The banks are composed of a black
basaltic soil ; from the lower part of which, where it rests on the granite,
as well as from the divisions between the several layers of allaviam,
thin slabs of a clayey cale-tuff (Kunkur) project, and are connected
above with portions formed round the roots of plants, and below with

* Edinburgh Journal of Science, January 1839,
T Journal of the Asiatic Society of Bengal, February 1336, p. 105.
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other layers spread out between the different strata of alluvial earth.*
These appearances sufficiently indicate the neighbourhood of the basal-
tic range of mountains distinguished in Arrowsmith’s large map as the
Sichel or Shesha hills, but which are locally known by the name of the
Nirmul range, from the large town situated six miles from the diffienlt
pass leading up the steep escarpment presented by their southern face.
None of the stratified primary rocks are seen at the foot of these hills in
the line of the section ; but twenty miles to the east of Nirmul, and a
few miles south of the mountains, hornblende slate oceurs, resting on
granite and quartz rock. v

Tron Ore, Mines, and Manufacture of the Steel.—The magnetic iron
ore, employed for ages in the manufacture of the Damask steel used by
the Persians for sword-blades, is obtained from this schist. The mines
I examined are those of Deemdoortee, but the ore is extensively dis-
tributed. The minute grains or scales of iron are diffused in a sand-
stone-looking gneiss or micaceous schist, passing by insensible degrees
into hornblende slate, and sometimes containing amorphous masses
of quartz. The strata are much broken up and elevated, so that the
dip and direction are in no two places the same, and bear no relation
to the mountains to the north.

Manufacture, §¢.—The mines are mere holes dug throngh the thin
granitic soil, and the ore is detached without difficulty by small iron
crow-bars. It is then collected and broken on projecting masses of
granite or quartz by means of a conical-shaped fragment of compact
greenstone ; but when too hard to yield to this simple instrament, it is
previously roasted. The sand thus procured is washed in shelving de-
pressions dug near a tank, and the heavier parts, separated by this pro-

cess, are exactly similar to Voysey’s specimens of the iron-sand used in

the manufacture of Damascus steel at Kona-Sumoondrum, in the same
neighbourhood ; but from his published papers it does not appear that
he had seen the rock from which they were derived. In other respects,
all the information I could procure accurately corresponds with that
given in his interesting paper.f The ore is then smelted with charcoal
in small furnaces, which have often been deseribed. I did not see any
flux used ; but, althoungh I watched the whole process, from the digging
of the ore till it was formed into bars, I will not assert that none was
employed. The iron has the remarkable property of being obtained at
once in a perfectly tough and malleable state, requiring none of the
complicated processes to which English iron must be subjected, pre-

L] [ 4 e " .
]‘grther dcta_nls on this part of the route will be found in some notes explanatory of a
collection of specimens presented to the Asiatic Society of Bengal, and published in the Jour-
nal of that Institution for February 1836,

t Journal of the Asiatie Socicty of Bengal, vol. i. p. 245.
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vious to its being brought into that state. Mr. Wilkinson, who has
investigated the history of Indian steels with much scientific and
practical skill, did me the favour to submit to experiment a specimen
of this iron as it came from the furnace. He found it to be extremely
good and tough, and considered it superior to any English iron, and
even to the best descriptions of Swedish. The Persian merchants, who
frequent the iron-furnaces of Kona-Sumoondrum, are aware of the
superiority of this iron, and informed Dr. Voysey that in Persia they
had in vain endeavoured to imitate the steel formed from it; a failure
which could be ascribed only to the difference of the materials used, as
the whole process of the conversion into steel was conducted under
their own superintendence. It is also probable, that there are few
places in India where an ore of equal value is so easily procured ;
otherwise its distant inland situation, in a difficult and unsettled country,
would not have retained a reputation for so many ages. In the manu-
facture of the best steel three-fifths of this iron is used; the other
two-fifths being obtained from the Tndoor district, where the ore appears
to be a peroxide. It is evident, thatif the beautiful water of the Damas-
cus blades is derived from the crystallization of the steel, the use of
two very different varieties of iron, one of which has been ascertained
to be of such admirable quality, must have an important influence on the
appearance and quality of the manufacture.

As these mines aflord a boundless supply of ore easily wrought, and
are sitnated in the neighbourhood of vast forests, and near a river
navigable for boats during part of the year, it is probable that at no
distant period, when the native government has undergone some ame-
lioration, iron may become an important article of commerce. On this
account, and because, although much has been written regarding Indian
steel, nothing has yet been brought prominently forward regarding the
finer kinds of iron ore with which that country abounds, I will make
a few additional observations regarding them.

Dr. Heyne has accurately described the manufacture of iron in the
Carnatic to the south of the Pennar river, and he states that it is, when
first smelted, extremely brittle, requiring several operations to bring it
into a malleable state. I possess specimens of two varieties of ore
used in the district in which he observed the processes, and where
1 have mysell seen them carried cn. The one, an iron sand, collected
in the beds of rivers, consists of the protoxide, mixed with much of the
peroxide ; the other, a red schist, is almost entirely composed of red
oxide, but in the centre of the mass it affects the magnet. Not far from
where this rock occurs, I collected specimens of hornblende schist,
leaving little doubt as to the ores being of the same nature, the former
having become altered in sifw, in the same manner as some of the
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superficial strata at Deemdoortee are seen to do. I therefore conclude
that the superior quality of the Nirmul iron depends on the ore being
a comparatively pure protoxide. It certainly is not dependent on the
nature of the fuel, which is much the same in both places.¥ Captain
Herbert, indeed, long ago suggested that the superiority of the Gwalior
iron ore over that principally worked in the Himalayahs depended on the
former being a magnetic ore, like that of Sweden ; but the first accurate
information on the subject was communicated by Dr. Royle to Mr. De
La Beche, who states,T on the authority of that gentleman, that magne-
tic iron ore is extensively diffused in hornblende slate in the central
range of mountains in India, and that it also occurs in the Himalayahs.
This geological position corresponds with that of the Nirmul ore ; but
the latter does not bear any resemblance, except in its pecnliar lustre,
to the Menaccanite of Cornwall, to which it is compared by Mr. De La
Beche ; nor could I detect any titanium in it., With regard to the
geological relations of the magnetic iron ore, it is also necessary to
observe that in India it is not confined to the hornblende schist, but is
found extensively distributed in the granite and gneiss of the Carnatic
and Mysore, in quartz rock near the iron works of Porto Novo, and, as
has already been observed, associated with galena in the diamond
sandstone of Cuddapah. The discovery of a mineral, so generally con-
fined to the primary rocks, in the great sandstone formation, affords an
additional argument in favour of the opinion of those who consider this
rock and the subjacent schists as equivalents to the older European
sedimentary formations, rather than to those of the supermedial order.

Descrirrion ofF Tt Sicnen Hinvs, axp or toe Fresawater SuELLS.

Returning to the line of route, the granite, on approaching to the
Sichel hills, becomes softer and decomposes rapidly ; and the soil gra-
dually changes to the well-known black basaltic mould, known in India
by the name of “cotton ground,” and, as usual, it is mixed with calce-
donies, zeolites, &e. Amongst these minerals were some fragments of a
red colour, and considerable specific gravity, though full of irregular
cavities, and so like the slag of an iron furnace that I considered them
to have had that origin, till I discovered a considerable mass of a similar
nature pmlruding from the granite and black soil by which it was
covered. Along with these fragments were others of a semivitrified

; * Iron, which has been ascertained to be superior, for many purposes, to the best German
kron, has been recently imported from the western coast of India; but the mines from which
!t was obtained have not been examined. Captain Jervis, of the Bombay Engineers, however,
informs me, that ores, powerfully affecting the magnet, exist in great quantity at Taygoor, a

village of the Koncan, not far from the port from which the iron in question was procured.
T Manual of Geology, 3rd edu., p. 435.
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mafter, containing small white erystals of felspar, and hard$y o be Jli{gi
tinguished from a piece of granite fused by Dr. Voysey in the stee
furnaces of the neighbouring district. The granite constitutes the surface
rock a little further, gradunally passing into a black compact basalt
intermixed with many white spots, apparently of felspar. The trap
then becomes softer, forming small hills of a cellular amygdaloid,
abounding in eavities lined with green earth, and many of them filled
with calcedonies, zeolites, quartz crystals, and, more rarely, caleareous
spar, of the same kind as those, so remarkable for their beauty, in the
portion of this formation deseribed by Colonel Sykes (Geological T'ran-
sactions, vol. iv. p. 422).*% The erystals also occur in seams, or are
diflused through the trap ; and in both cases are intimately mixed with
its substance. In the bed of a torrent between two of these hillocks,
I met with some soft, clayey, schistose fragments, and others of a sili-
ceous character, and of a black bituminous appearance in the centre,
containing very perfect specimens of the Paludina Deccanensis (P1. 11,
fig. 20), and fragments of other shells to be hereafter deseribed. Those
which I examined were converted into calcedony. A laborious research
on the hill failed to discover them in sifu; but about half-way up the
escarpment of the principal mountain, which is very steep, and com-
posed of concentric nodular basalt, imbedded in a soft greenish wacké,
a narrow band ofa singular quartz rock projected about two feet from the
“surface. It was remarkably seabrous, of various shades of white and red,
and had cavities on its surface covered with fine silky erystals. It
had every appearance of having been forced into its present situation,
when the basalt covered and partially melted the bed to which it
belonged.

Many fragments of this rock were found below with the shells ; and
it was again met with, together with the same and other fossils imbed-
ded in basalt, near Hutnoor. The specific gravity of this rock is 2:473,
and some of the specimens eflervesced feebly in acids, a portion of lime
being dissolved ; circumstanees in which it corresponds with a similar
formation found by Voysey, associated with shells, probably of the
same kind, at Medcondah (south of the Godavery), an insulated basal-
tic hill resting on granite, to which I shall have occasion again to refer,
The highest summit ol the hills, above the locality of the fossils, is
conical, but it is capped by a perfectly horizontal stratified rock, the

* A beautiful variety of chabasie, having the angles replaced by triangular or pentagonal
faces supporting a rhomboidal surface, of which beautiful specimens abound in certain locali-
ties of the western portion of the formation, has not been met with in this neighbourhood ;
but, like some other minerals of the hasaltic distriet, it is not generally diffused in the rocks
where it is most abouodant ; so that | Linve travelled for several hundred miles without mecting
with it.
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nature of which I conld not determine. It is most probably. tabular
basalt, although that rock is seldom found in similar sitnations,

Such are the appearances presented on ascending the diffienlt pass
leading up the steep escarpment of the Sichel hills, which form the
southern boundary of the eastern portion of the great trap formation of
Central India. The hills extend from the junetion of the Wurdah and
Godavery rivers (the basins of which they separate), till they are lost
in the gradual rise of the country to the west, near Lonar (lat. 20°
long. 76° 30"), in the province of Aurungabad. Their direction is
W.N.W ., and, as faras can at present be inferred, they seem to be continu-
ous 1o the east with numerous ranges of basaltic sandstone, and granitic
hills, extending to the Eastern Ghits, at the lower parts of the course of
the Godavery. The extreme breadth of the range, from the foot of the
Nirmul pass to the town of Yedlabad (nearly on a level with the plain
country of Berar), is about 40 miles ; but several smaller hills, having fox
the greater part the same direction, are intimately eonnected with them
to the north, as far as the Wurdah river, which has an elevation of little
more than 600 {eet above the sea. The Sichel hills are arranged in
terraces, with steep sides having projecting spurs, and their summits
rise occasionally into conical elevations with rounded or flat tops.
They inclose narrow valleys abounding in streams, or support table-
lands covered with black soil strewed with trap boulders, and having
water everywhere near the surface. A thick wood and grass jungle,
composed of very different plants from those common on the granite
hills, cover the whole traet, with the exception of the flat summits and
some of the terraces, and render it unhealthy for the greater part of the
year. T'he basalt of which they are composed is generally globular,
the spheroids being sometimes of great size ; but in many of the water-
courses, even of the elevated table-lands, it has a stratified appearance.
Small basaltic columns are also met with on the crests of some of the
spurs and higher ridges ; and where they occur no fossils and few
minerals are found. Granite not only forms the base of the hills at
Nirmul to the south, and Yedlabad to the north, but part of the moun-
tains themselves, the basalt being seen to rest on decomposing granite
about the centre of the range, in a deep ravine, through which the
Koorm river passes; it also again appears high in the table-land to the
north of that river, and in one of the terraces of the northern descent,
where the most extensive fossil beds were found. Further detail is
unnecessary, as Dr, Voysey’s admirable description of the Gawilghur
mountains, forming the northern boundary of the great and fertile val-

ley of Berar, as these hills do its southern limits, applies equally well
to both ranges *

* Asiatic Researches, vol. xviii.
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The fossils were first discovered in situ near Munoor, in the basaltic
table-land north of the Koorm river; and were subsequently found in
the descent of the hills towards Hutnoor, and in different parts of the
Mucklegnudy pass, leading into the Berar valley. They consist of
numerous gyrogonites; two species of Cypris; two, or perhaps three,
species of Unio; and many individuals referable to the genera Palu-
dina, Physa, and Limnea. (Plates II. and ITI.) The rock in which
they oceur varies in different places. Some of the finest specimens were
procured from a red chert with scabrous surface, having silicified shells
distributed throughout its substance, or projecting from its surface.
The chert is deeply imbedded in the nodular basalt, from which it pro-
jects in some places several feet. The finest specimens of Unio oceur
in a beautiful gray chert, imbedded in the basalt, or resting immediately
on it, the under surface being plain and smooth, while the upper is
rough, from portions of the large shells which project from it. On
breaking up one of these masses, it was found to contain entire Unios,
many of them having the valves connected and closed, or partially
open ; the interior being filled with the same chert, spotted with frag-
ments of shells, minute univalves, and fine specimens of the two species
of Cypris, which oceur so abundantly. Some parts of the rock exhibit
a mixture of sand, clay, and fragments of shells, of very moderate hard-
ness ; but the greater portion consists of chert, the materials of which
are occasionally arranged in a beautiful, light blue, enamel-like sub-
stance, around irregular cavities containing crystals of purple quartz.
Some portions also exhibit a minute vesicular structure ; and the whole
appearance of this beautiful rock forcibly impresses the mind with the
conviction that it owes its presenl appearance to the action of the great
basaltic eraption, which has enveloped it and the organic remains.
The greater number of the shells are converted into chert, but a few
retain their original structure; and in some instances the caleareous
matter has been converted into crystals of calcareous spar. Many
internal casts of entire shells are found in the substance of the rock, to
which they are united at a few points only, a greater or less space being
left unoccupied ; in others, the entire shell is converted into siliceous
matter, retaining the appearance even of the ligaments unaltered ; and
fortunately, in a few cases, the lLinge and teeth are excellently pre-
served.

Numerous fragments of shelly rock, differing much in appearance,
lay scaltered about over the table-land ; consisting partly of a fine
blood-red chert, like that above described, and containing the same
shells. The gray chert was more sparingly distributed, and the Unios
did not occur in the other fragments. Some of them, composed of a
tough white clayey stone, so soft as to soil the fingers, contained Physw,
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Paludinm, and Limne®, mostly converted into ealeedony, but others also
retained their original structure, and effervesced with acids. Portions
of charred vegetable matter, resembling small fragments of grasses and
reeds, occurred in these and the harder cherts. Other specimens are
composed of a greenish blue crystalline mass, resembling an ore of
copper (but it is of low zpecific gravity, and contains no trace of that
metal), and the shells contained in them are converted into the most
beautiful erystalline quartz, retaining the form of every convolution of
the Physee and Paludine. The cells of this stone are often coated with
fine silky crystals. Masses of a hard coarse chert consist almost
entirely of Gyrogonites, but contain many of the same Physz and
Paludinz. This rock appears to have formed beds of about half a foot
in thickness ; but it was not discovered in situ. A stratified rock was,
however, found in the neighbourhood, resembling some specimens
of the argillaceous limestone of the diamond districts, but consist-
ing of a compact whitish chert, which contained Paludine, and the
finest specimens of Gyrogonites. (Plate I. fig. 1.) Night prevented
the connexions of this rock from being determined: the strata were,
however, ascertained 10 be of considerable extent, and to be much
buried in the soil; there were also numerous fragments of siliceous
rock, partly converted inte a black bituminous flint, or a coarse
quartzose rock, partially altered into calcedony, by which most of the
shells were also replaced.

The masses of red chert protruding from the basalt contained, besides
the Testacea, small portions of silicified wood, and what I consider to
be the fragment of a bone and of the tooth of a mammiferous animal.
The specimens, however, are too imperfect to admit of any certainty as
to what they really are; but it is not unlikely that such remains should
oceur, and I therefore do not suppress what may lead to a more success-
ful inquiry.

On descending towards Hutnoor, granite, presenting a concentric,
ligniform surface, from the unequal decomposition of the quartz and
felspar, occurs at a short distance from the fossils,* With this excep-
tion, the basalt continues of the same character as before, and fragments
of red or deep black chert, containing Paludine, are found in the beds
of torrents; and at Hutnoor they occur in the trap. There is much
calcareous matter mixed with the soil, or collected in nodules, and it
appears to be derived from the lime contained in the basalt, or between
18 lamine. On the pioneers attached to our camp penetraling, at
Elchoda, through some strata of tabular basalt to obtain water for the
troops, seams of a pure white pulverulent lime were found between

* A similar appearance lias been observed at the foot of the Nirmul pass, at the iron mincs
of Deemdoortee, and in Bundlecund,

d g
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the layers.* At Hutnoor fragments of a compact blue limestone, not
to be distinguished from that of the diamond districts, were collected :
and the rock to which they belonged was found in the descent from
the first of the three principal terraces by which the road leads to the
northern base of the hills. The strata were much inclined and broken,
but the forest was so thick that I could not trace them for any distance.
After descending to the second terrace, the surface rock suddenly
changes to a white, horizontally-stratified limestone, almost entirely
composed of large bivalve shells, the edges of which decomposing more
slowly than the cement, the natives have applied to it a name signifying
impressions made in clay by the feet of sheep. The thickness of the -
bed in one place, where it is intersected by a torrent, is 12 feet, and it
rests directly on red granite. A great spur, from the upper part of the
mountain, extends across the terrace, rising precipitously above the
fossiliferous limestone, a few hundred yards from the spot where it rests
on granite, and has buried the continuation of the stratum under an
accumulation of basaltic débris. Where the limestone becomes con-
cealed in the basalt, a friable, grey, cellular mass, resembling ashes,
occurs, apparently imbedded in both these rocks. The fossils are com-
posed of granular limestone, the matrix consisting of calcareons matter
mixed with the ash-like substance, and small fragments of granite.
Some of the shells are of great size, but they are ill preserved, and I
found only one specimen with the valves united. These shells I erro-
neously considered to be marine (principally from the appearance of
those represented in Plate II. figs. 4 to 8,and some of the large flattened
specimens). Mr. Lonsdale, however, who had the kindness to examine
some of them, considered their general character to be that of fresh-water
species. I had previously detected, in a fragment of a compact argillo-
calcareous stone found at the bottom of the little cliff where the granite
is seen to underlie the fossils, a number of very perfect Melania ; T,
therefore, re-examined the different specimens, and detected in them
fragments of the same kind as those in the limestone ; and Mr. Sowerby
has since been able to extract from the latter, specimens sulficiently
distinet to be identificd with the Unio Deccanensis (P. 11, figs. 4 10 10,)
found in the chert at Munnoor, and another species (Unio ? tumida, figs. 11
and 12) not yet discovered elsewhere. No other fossils wers found in
this locality.

When it is considered that the accumulation of fresh-water shells
occurs on the precipitous descent of a mountain range, ascended with
much difficulty by travellers, it will be evident that the aspect of the
country has been entirely altered since these animals lived,

* The same was observed in Bundlecund by Captain Frapklin, (Asiatic Researches,
vol, xviii.)
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CountRY BETWEEN THE Sicngrn HinLs axp Nacroor.

Towards the foot of the pass, the rock changes from the nodular
basalt to amygdaloid ; and near its junction with the granite, masses ol
greenstone porphyry, with large erystals of felspar, oceur. The granite
then reappears, protruding in rounded masses through the soil of the
level country around Yedlabad. The bed of a stream near that town
is strewed with fragments of blue limestone and schist, resembling
those of the basins of the Pennar and Kistnah; and higher up the
eiream a fine white quartzose sandstone, having a few imbedded
fragments of quartz, is found in sifw. Tt dips at a slight angle to the
south-west.* The surrounding country is covered by a deep basaltic
soil, so that the rock on which it rests could not be discovered ; but the
argillaceous limestone, passing, in its upper sirata, into a greenish or
red schist, is traversed by a stream a few miles to the north. Short
ranges of trap hills, some of them at nearly right angles to the Sichel
mountaing, oceur to the north-east ; and beyond them, an extensive tract
of sandstone has been traced for a great distance along the Wurdah.

At Zynad, argillaceous limestone appears on the surface for several
miles, and agrees in every particular with the compact marbles of the
diamond districts of the Pennar and Kistnah. The strata sometimes
dip at an angle of 40 degrees, but they are in general nearly horizontal,
the edges of the layers being disposed in steps on the slopes of gently-
rising grounds. Rock crystal and calecareous spar are distributed in
thin seams between the strata, as well as throngh the substance of the
rock ; and along the vertical partings of the strata there are rows
of circular cavities, which are generally empty, but are sometimes
filled with calcareous concretions. In a few instances these hollows
occur out of the line of fissure, and entirely penetrate the stratum, being
connected below with horizontal channels of the same kind. On the
surface, cale-tuff (Kunkur) is very abundant, often adhering to the
strata, or investing fragments of the rock.

The same appearances are seen near the diamond mines of Chinoor
on the Pennar, where the strata are much disturbed, and basaltic
pebbles cover the banks. The only explanation which can be offered of
the phenomena in both those distant localities is, that the extrication of
gaseons fluids and water from below had taken place in the lines
of fissure, and had dissolved a portion of the limestone, which was
again deposited in the great aceumulation of tuff and conglomerate so
remarkable in these places. That they at all indicate the “argillaceous

* Minute undulations, resembling those formed by the ripple of running water, were
observed on this sandstone, in a seam not quite parallel to the line of stratification,
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limestone™ to be of fresh-water origin could never be imagined by any
who had seen the rock in question, which, wherever it oceurs in the
south of India, is entirely devoid of fossils.* This supposition is
confirmed by the phenomena exhibited at the hot springs of Urjunabh,
which rise in the same rock, and where bubbles of carbonic acid are
extricated through round holes in the mud covering the bottom of the
rivulet, the water of which, being loaded with lime, a calcareous tuff is
rapidly deposited.

A gentle elevation, extending three miles to the east of the village of
Zynad, is composed of this limestone, and it rises very gradunally
towards a small conical summit, composed of coarse vesicular basalit,
which has broken through and covered the limestone. A portion of
this rock appears to have been displaced in a singular manner. A wall
of perfectly vertical stratification, about three feet thick, projects nearly
as much from the general surface, and consists internally of the same
limestone as that which it appears to cut at right angles, while exter-
nally it is singularly irregular and altered, being converted into a
beautifully erystalline limestone, with quartz minerals.«

To the north of this place, as far as the Payne-Gunga river, the
country is flat, covered with basaltic soil or rock connected with
insulated trap hills, and intermixed with jaspers, resembling those so
common near Bangnapilly, and perhaps derived from the argillo-
calcareous schists occasionally seen in the water-courses. The pebbles
of the Payne-Gunga consist mostly of calcedonies of a reddish colour,
and of argillaceous limestone, and they are in many places consolidated
into a conglomerate by the calecareous matter with which all the waters
of the district abound. In a layer of this conglomerate, projecting from
the alluvial soil of which the bank is composed, numerous recent shells
are imbedded. The limestone and its incumbent schists are seen
north of the river, and they abound in springs and streams loaded with
lime, which is deposited as calcareous tuff in the water-courses. Masses
of the same substance, several feet in height, project from fissures in
the rock, or compose conical eminences of white Kunkur,” which are
scattered over the black basaltic plains,

Proceeding a little further towards the Pindee hills, in which the
principal of these streams takes its rise, sandstone appears on the south
bank of a ravine ; and on the opposite side, at a lower level, the “argil-
laceous limestone” so often mentioned, has been raised by some violent

* This assertion may, in the progress of knowledge, be found to be erroneous ; but, having
carefully looked for fossils during extensive journeys throngh districts principally composed
of this rock, I doubt whether such will be the case. Fossil plants have been reported to he

found near Gundycottah ; but these T ascertained to be mere dentritic markings on the surface
of the strata,
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forces into irregnlar gothie arches, overlaid by partially broken but hori-
zontal strata. The spaces within the arches are filled with fragments
of the same rock forced from below. Hot springs, having a tempera-
tare of 872, rise through the limestone, and globules of gas escape from
round holes in the débris and mud covering the bottom of the ravine.
On endeavouring to collect a quantity of the gas, there were found to
be considerable and irregular intervals between each jet of air. A
recent calcareous sandstone is formed in the bed of the stream, by the
débris derived from the quartzose sandstone of the southern bank being
agglutinated by the carbonate of lime of the springs.

A range of low hills, having rounded summits, with conical elevations
projecting from their sides, runs in a north-west direction, three-quarters
of a mile from the hot springs. The cap of these hills, where the Pin-
dee Ghit passes over them, consists of the argillaceous limestone, and
the large slabs of which it is composed are fissured in various direc-
tions, slightly convex upwards ; and, when taken in the mass, they have
an anticlinal dip. On the summit, the strata are horizontal and in
several places are remarkably altered, the argillaceous and siliceous
ingredients having arranged themselves into a black chert, and a mix-
ture of caleareous matter with streaks of a white or pale blue enamel
resembling calecedony. The central parts of these bands are composed
of minute quartz crystals; and irregular drusy ecavities, coated with
amethystine quartz, oceur in the blackened flinty portions. There can-
not be a clearer indication of the action of heat on a rock of a mixed
character than this, even when seen in hand specimens. The whole of
the base of the hill is composed of the nsual black concentrie basalt, the
nuclei of which are exceedingly hard and contain much olivine ; and to
its intrusion the alteration of the limestone, with its separation from the
strata below, is, without doubt, to be aseribed.

Many hills composed of concentric basalt are scattered over the
neighbouring country, in insulated masses or long ranges rising in
terraces, and having flattened summits. The sides of the hills between
the terraces are steep, and their outline is well defined ; the rock also is
black and devoid of vegetation. The terraces occur at very different
levels in different hills, rising from the same plain; and their whole
appearance indicates that their remarkable form is due to the circum-
stances which attended their elevation ; and that they have not been
subjected to any extensive denudation.

About five miles north of the hot springs of Urjunah and four miles
south of those of Kair, sandstone caps a gently rising ground, covered
with basaltic soil. Near the last-mentioned town many hot springs
rise in the argillaceous limestone, which has been remarkably broken
up and altered by the globular basalt protruding throngh it in different
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places, in masses several of which are only a few yards in cirenm-
ference. The limestone is, for the most part, nearly horizontal, but it
s bcaasinnnlly more or less inclined, and, as is usual with this forma-
tion, it has no regular direction or line of bearing. In a deep well near
the village, the water of which isof the usnal temperature, the limestone
is unaltered ; but above the principal hot spring some of the most
remarkable effects of igneous action in changing a stratified rock are
exhibited. The principal part of the small hill is a whitish limestone,
the stratification of which is obliterated, and the rock projects in irregn-
lar masses full of cavities passing deep into the mass of limestone,
which is partly erystalline, and in many places mixed or coated with
jasper and quartz crystals. Much calcareous tuff (Kunkur) is asso-
ciated with these altered rocks, and it fills up many of the cavities ; it
is also found in the divisions of the nodular basalt, and masses of it,
scattered over the surrounding country, are the only remains of springs
which have been long closed up. Some portions of the rock had the
appearance, on the surface, of a semifused brick, and had assumed
something of a regular arrangement, while the centre was composed of
the limestone little altered. Large masses of porous scoria also lay about.

The principal springs issue at the foot of the rising ground, where
the rock is most remarkably altered. Their temperature (87°) was the
same as that of Urjunah, on the other side of the Pindee hills, and it
did not vary during the hot and cold months of 1331 and 1833. The
water of this and many other springs is said to be equally copious at all
seasons, covering the neighbouring country with the richest vegetation,
when all beyond is a black and parched waste. On issuing from the
rock, the water is sensibly acid, and in one spring, carbonie gas escapes
with the water. It is remarkably agreeable to the taste, and sparkles
in the glass, as well as where the stream passes over rapids. It con-
tains a little muriate of soda, a minute quantity of sulphates, and much
carbonate of lime in solution, which is deposited on boiling, and in the
bed of the rivulet, where it has formed considerable masses of rock,
chiefly composed of the petrified vegetation of the banks. So quickly
is this deposit formed near some little falls, that shells appear to be
imprisoned and entombed while adhering to the face of the roek ; and
tufts of grass are encrusted with sediment while their roots are still
alive. Ifany doubt remained as to the nature of the nodular limestone,
known in India by the name ol “ Kankar,” it would be removed by the
sight here exhibited of all gradations of this substance actually forming,
and varying from pulverulent lime to a erystalline rock. The water
is probably derived from a great depth, the springs having, as already
stated, the same temperature as those of Urjunah, and not being materi-
ally diminished by the failure of the annual rains.
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Sandstone forms the surface rock in different directions over the
surrounding country, but I had an opportunity of examining it carelully
only at Won, eight miles north of Kair, its junction with the limestone
being concealed by basaltic soil, mixed with calcedonies, fragments of
that rock, schist, and of a coarse puddingstone, which I did not find
in sitw. ‘I'he hill of Won is composed of sandstone, dipping in all
directions from the apex, and varying in colour from white to red and
yellow. It contains also ferruginous grains or scales, either in seams
or disseminated through its substance. In a fragment of this kind
much resembling the cementof the Bangnapilly diamond breccia, a fossil
was discovered having a compact structure and deep black colour, and
it is probably a portion of a hollow, compressed vegetable, the centre of
which is filled with the sandstone. It is the only instance that has come
to my knowledge of a fossil being found in the sandstone of Southern
India; and as the rock corresponds in geological position and minera-
logical characters with the diamond sandstone, the fact is of consider-
able interest, even il the formations were not found to be continuous,
as will be stated hereafter. The specimen is deposited in the Museum
of the Asiatic Society of Bengal.

Sandstone, argillaceous limestone, and schist constitute the building
stones of the surrounding conntry, which is much buried under basalt
and a black allavial soil containing calcedonies, jaspers, &ec. A few
miles south of Chicknee* (where the fossils were again met with), the
red schist found above the limestone south of the Urjunah hot-springs
and in various places of the diamond districts of the south, reappears,
intermixed with protruding masses of basalt, which have altered it in the
most singular manner,—the lime of which it is in part composed being
converted into a fine erystalline mineral, in which the red clay is
enveloped or diffused, giving the rock and even hand specimens a very
striking appearance. Near Chicknee, the schist rises slightly towards
a basaltic ridge, in which the fossiliferous chert is likewise imbedded.
The schist is divided into minute rhombs by vertical partings, in which
veins of caleareous spar from an eighth to half an inch thick have been
formed, and give it a beautiful, reticulated appearance. Lime is found
in the schist, and portions of the red elay are enveloped in the crystalline
limestone, which contains no magnesia.

The fossils oceur on the surface, or are imbedded in nodular basalt
over several miles, being found in blocks of indurated clay, chert, and
flinty slate. The appearance of the indurated clay is the same as in
some of the specimens from the Sichel Hills, but the clay is harder, full
“F cavities, and in some cases passes into perfect chert, or has waved
lines of quartz or opalized matter diffused through the substance of the

* Fossils were first found st Chicknee by Mr. W, Geddes, May, 1829,
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mass. Many Physwe, Paludine, and a few Limnes of the same species
as those already noticed, are found in this indurated clay or imperfect
chert. Some of them are entirely converted into calcedony ; others
have the lime replaced by quartz, which is finely erystallized and covers
the surface of the convolutions; or the columella only is preserved,
passing across an empty cast of the shell. In some cases, however, the
structure of the fossil is unaltered, and it effervesces in acids. Flinty
slate without organic remains occurs in the neighbourhood of those
amorphous masses, and many fragments of the same kind, containing
large compressed bivalves, are scattered about. In one block of this
kind portions of palm wood, mineralized by black flint, intersected by
fine veins of a light blue opal (of the same kind as oceurs in some of the
specimens of fossil wood from Antigua, lately presented to the Society
by Mr. Stokes), was found associated with compressed very thick bivalve
shells, probably referable to the same species as those of Munnoor.

Every appearance presented by these rocks indicates the action of
the semifluid basalt on the beds of mud and sand, probably derived
from the neighbouring sandstones and schists, in which the shells pre-
viously existed.

At Hingan-ghit,* a few miles further to the north, considerable frag-
ments of silicified palms and other plants were found in a black chert
lying on the basalt, and similar masses, but withont fossils, were im-
bedded in it. I met with no organic remains to the north of this town,
the whole country as far as the city of Nagpoor being covered with a
rich black soil, from which insulated basaltic hills with flattened summits
rise abruptly.

Of these hills the most remarkable is that of Seetabuldee, which is
based on decomposing gneiss and mica slate. To Dr. Voysey's de-
scriptiont I have nothing to add ; but, as it has been inferred} that the
“flattened summits and long flat outline * of the low ranges connected
with this celebrated hill, and forming the eastern part of the great trap

* In examining with the microscope sections of some of the silicified wood from the distriet
described, a specimen from the chert of Hingan-ghiat appeared to me to be bone, and Mr.
Owen, who has had the kindness to examine it, has ascertained it to belong to a mammiferous
animal. He has favoured me with the following note on this important fossil :—

“A section of this fossil was prepared sufficiently thin to allow of its being examined by
transmitted light under a high magnifying power, when it was found to possess the structure
characteristic of bone. Sections of * Haversian canals,” with their concentric lines, were every-
where present, interspersed with numerous Purkingian cells or corpuscles : the size and disposi-
tion of these characteristic parts of the osseous structure agreed with those of the bones of the
Mammalia. It was highly satisfactory to find the microscopic test as available in demonstrat-
ing the presence of bone, when ordinary characters and the unassisted eye would have left the
matter doubtful, as it is in reference to the determination of the teeth.”—July 1839.

T Asiatiec Researches, vol. xviii.  § Geological Transactions, Second Series, vol. iv. p. 410.
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district, are composed of basalt having the same siratified appearance as
that of other parts of the formation, it is necessary to mention thatthey
are formed of globular basalt such as has been already described, or of
basaltic columns of very regular forms, which diverge from the centre
of the hill and incline outwards at an angle of 45° with the horizon, or
form a figured pavement on the flat summits.

Origin of Minerals in Trap Rocks.

The lower part of the hill of Seetabuldee itsell exhibits a tendency
to columnar structure, caused by horizontal and vertical partings, the
sides of which are coated with thin plates of calcedony, and, according
to Captain Jenkins,*® of calc spar. These minerals are not confounded
with the substance of the basalt, and may be the result of infiltration or
sublimation of siliceous and calcareous matters. In no other situation
did 1 meet with an example in which either of these processes would
account for the occurrence of the calcedonies, zeolites, cale spar, &c.
found in the amygdaloids and nodular basalt of India. Almost every-
where caleareous spar is more rare than siliceous minerals, which
would not be the case were they derived from infiltration, if we are to
interpret the past by the present operations of nature. Wherever I have
met with the basalt, and in the neighbourhood of every greenstone dike
or insnlated mass of that rock, and under every layer of basaltic soil in
India, calcareous matter is deposited, and has even occasionally a
crystalline structure. In the escarpments of the Mysore ghits, veins of
basalt, not two inches thick, ramify through the granite, and are coated
with a compact layer of carbonate of lime. Voysey found the granite
in the neighbourhood of the basalt intermixed with calcareous matter,
indications of which I bave myself seen in the deposit of tuff on the
summit of granitic logging-stones near greenstone. If, then, we sup-
pose infiltration to have deposited the calcedonies, agates, &c. &c.
when chemical action is presumed to have been more powerful than at
present, a greater number of the cavities would have been filled with
lime than with such intractable sanbstances, which is not the case.
These are also frequently intermixed with the basalt in a manner which
could have been produced only by their being formed simultaneously.
I have seen masses of calcedony, passing into a black mineral not to be
distingnished from the surrounding basalt. They also occur in the
compact nodules where no fluids conld have had access, and even in
the cavities of the Seetabuldee basalt, lined by an impervious glassy
coat. In this roek, likewise, calc spar occurs, penctrated by needle-like
erysials of the same substance, invested with a crust of the basalt and

l * Asiatic Rescarches; vol. xviii. p. 192,
14
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connected with each side of the cavity, and resembling chiastolite in
structure. It is indeed impossible to conceive how many of the appear-
ances presented by the agates, cornelians, or drusy eavities in calcedony,
partially or entirely filled by quartz erystals, or a central mass of cale
spar, could be formed in the way supposed, as the first coating of silex
would effectually close out the further access of the aqueous solution of
that substance ; nor could layers so formed separate into distinct cavi-
ties, having both sides covered with quartz crystals, as they are some-
times seen to do. Tt is, however, only by a careful study of the rocks
themselves that this can be fully understood. I have selected a few
specimens to show that the majority, if not all the minerals of the Indian
trap rocks, are not formed by infiltration. One of these, perhaps,
deserves particular notice; it is a mass of calcedony, 8 or 10 inches in
length and 6 or 8 in diameter, of a conical shape, and was found
imbedded with itsapex downwards between the globular basalt, and im-
pressed with the irregularities of its surface. In another of these
specimens the upper part is perfectly flat and smooth, without any
impressions of the basalt, and is composed of a thick covering of cacho-
long, parallel stripes of which appear to indicate the slow cooling of
the surface. The centre of the mass is composed of quartz crystals,
radiating to the centre, which is oceupied by calcareous spar impressing
or impressed by the quartz. The mode of its ocenrrence increases the
conviction in my mind that the only correct theory of the formation of
such minerals in trap rocks is the play of the molecular attractions
exisling between similar particles of matter. That so eminent an
inquirer as Dr. Turner should have asserted that all calcedonies, rock
crystals, &e. even when oceurring in voleanie rocks, are the result of
aqueous infiltration,* I can only aceount for by the difficulty of explain-
ing how carbonic acid is retained at high temperatures in any other
way than by supposing a great pressure to have existed at the time the
rock was in an ignited state; but of the existence of which proof is
often entirely wanting where crystals of carbonate of lime oceur. 'The
phenomena exhibited by the vesicular trap, scorie, and porous chert
associated with the Indian basaltic and fossiliferous rocks, satisfied me
that at the time of their formation they were subject to no pressure
sufficient to retain the carboniec acid of the altered limestones, and of
the shells and cale spar inclosed in the geodes; but no other explana-
tion presented itsell, till I was informed by Mr. Faraday of his beauti-
fol experiment of exposing carbonate of lime in perfecily dry air to the
heat of the oxyhydrogen blowpipe, without driving off its carbonic
acid. In the simple apparatus employed by him to show that the reten-

* Lecture on the Chemistry of Geology, by Dr. E. Turner, Edin. New PLiL. Journal, Oect.
1833,



OF THE BASALTIC DISTRICT OF INDIA. 27

sion of the acid depended on the absence of moisture, no pressure of any
consequence could be exerted on the lime. Guy Lussac has lately
published some experiments on the effect of aqueous vapour in assisl-
ing the escape of carbonic acid from limestone, and concludes that
its agency is trifling;* but as he does not appear to have taken the pre-
cantion of drying the atmospheric air by passing it through sulphuric
acid, as was done by Mr. Faraday, they cannot be considered as
invalidating the beautiful results obtained by the latter. His observa-
tion, however, that the water contained in limestones is driven off before
the earbonic acid and at a much lower heat, is important, in showing
that the calcareous matter in a rock exposed to volecanic action may lose
its water before the carbonic acid, and be thus reduced to the state of the
carbonate of lime in Mr. Faraday’s platinum tube. These facts will
assist in explaining the anomalies observed in the fossils of the district
above referred to, which often retain their carbonic acid when portions
of the rock in which they occur have been fused by the inclosing basalt,
while other portions are vesicular from the escape of gaseous matters.
The whole phenomena, indeed, would admit of explanation by suppos-
ing, what must in fact have oecurred, the presence or absence of mois-
ture during the various degrees of heat to which the rocks were exposed
in the progress of the eruption, and in the course of cooling. A shell,
in one part of a rock, may thus retain its carbonic acid, while in another
portion it may be reduced to quick-lime, subsequently carried off by
the water, leaving only a cast; and a third may be replaced by silica,
or the form of its convolutions taken by fine quartz erystals, perhaps de-
rived from silica rendered gelatinous by the lime with which it was
ignited.t

In stating these views, I venture only fo express an opinion forced
on me by the phenomena under description, and which appear to ex-
plain some of them better than the theory of pressure, which, however
useful in removing the prejudices against the igneous origin of the trap
rocks, has been injurious in leading geologists to admit too easily the
existence of aqueous pressure, or extensive denudations of solid rocks,
supposed to have confined the carbonic acid at the time of eruption.
No doubt pressure is an efficient agent in some cases,} but not in many
to which it has been applied.

The trap terminates in the line of section, a few miles to the north
of the city of Nagpoor, and is succeeded by a red sandstone, the sirata

* Annales de Chimie et de Physique, Oct. 1836.

* Il"oll* a knowledge of the fact, that lime caleined with finely-divided silica acts like the fixed
alkulis in rendering it gelatinous and soluble in weak acids, I am indebted to Captain Swmith,
of the Madras Engineers, F.R.S.

1 Transactions of the Royal Society of Edinburgh, vol. vi, p. 120,
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of which are bent, fractured, and converted into a compact quartz rock,
at the point of contact with the granite which has burst through it.
Within a few hundred yards of the ravine where these phenomena
were observed, mica slate oceurs, and a little beyond, some hills of
gneiss. A bed of granular limestone is quarried at the foot of a conical
hill of basalt, in part composed of a scabrous quartzose and caleareous
rock, abounding in drusy cavities, calcedonies, and cornelians. TFurther
north, granite veins pass through a much-elevated limestone, varying in
colour from red to grey and back, and the stratification of which is
nearly obliterated. 'The gneiss and mica slate forming the neighbouring
hills are also penetrated by dikes and masses of granite.* To the
north of this distriet are 50 miles of a wild mountain country, composed
of granitie rocks, with trap in the ascents and tops of the passes; the
basalt then reappears, and composes great part of the valley of the
Nerbudda.

In a direction south-west of Nagpoor the nodular basalt is the only
formation met with as far as Baitool (90 miles), where granitic rocks re-
appear, but are succeeded by fine-grained sandstones with traces of coal
and penetrated by trap dikes ranging from S.E.to N.W.} Here the
sandstone rises into mountains, and constitutes what appears to be the
continuation of the range forming the division between the valleys of
the Taptee and Nerbudda rivers; and *indurated clay,” containing
casts of the same shells as those of the Sichel range, also occurs.

Before proceeding 10 notice more particularly the fossils and the evi-
dence they aflord of the geological era of the intrusion of the basalt, it
is necessary to make some observations on the Sichel range, and the
connexions of the several formations oceuring in the district deseribed.
‘T'he basaltic rocks of Nagpoor and of the country 1o the south have been
considered by every observer to form the eastern part of the great basal-
tic formation of Western India, with which it is continuous, and with
which it agrees in every particular of general character and mineralogi-
cal structure, and in being connected with stratified rocks, which, as
far as is yet known, are of the same age. The only difference is, that
towards the eastern limits of the formation, the hills are less elevated
and the trap breaks through the granite and stratified rocks, while to the
west the mountains are, with a few exceptions, entirely composed of
basalt from the level of the sea to the loftiest summits.

Lonar Lake, §¢.—The Sichel hills, which have heretofore attracted
little attention in a geological point of view, terminate to the west in the
neighbourhood of Lonar, near what appears to have been a vast crater

* Captain Jenkins, in Asiatic Researches, vol. xviii.

T Licutenants Miles and Fiunes, Journal of the Asiatic Society of Bengal, February 1834,
and Dr. Spilshury, August 1834,
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in the centre of the great basaltic distriet. As it is the only instance of
a voleanic outburst discovered in this immense Plutonie region, a more
detailed account of it than has yet been given to the publi¢c may not be
unacceptable.®

It is a nearly cirenlar or oval depression, in a conntry composed of
tabular and nodular basalt, and sloping gently towards it on every
side. (Plate I. fig. 2.) It is between three and four miles in circumfer-
ence at the upper margin of the precipitous escarpment which rises from
the bottom of the valley about 500 feet. 'The extent from which the
water is collected may be about six miles in circumflerence, but no
measurements were made. Two small streams fall into it from above ;
one issuing from a pagoda, to which it is carried from tlfe gentle slope
behind ; and the other passes over a small cliff, on which it deposits a
considerable quantity of stalactite. The sides of the crater are covered
with a forest inhabited by tigers and game ; and the bottom is oceupied
by underwood, a few fields, in the irrigation of which the water of the
streams is nearly expended, and by a $mall lake of saltand bitter, green-
ish water, surrounded by a muddy shore, and varying in size at differ-
ent seasons. Many sweet springs issue from the saline mud, and a
well is built within its highest level, the water of which stands at the
same height as that of the lake, though issuing from a depth of nearly
tlweniy-four feet,

I have carefully examined the water of this well, and thatof the small
stream at the pagoda above. Thislast had a specific gravity of 10006 ;
and 2,000 grains, evaporated at 212°, gave a solid residue of 7, of a
grain, the greater part of which consisted of muriate of soda with a little
sulphate, and the remainder of carbonate of lime. The water of the
well below had nearly the same specific gravity, but contained, in 2,000
grains, one grain of solid matter, of which ;; of a grain were soluble in
water, and contained muriate of soda and a little sulphuric acid and lime ;
the insoluble part consisted of carbonate of lime. Neither of the waters
contained any trace of alkaline carbonates orof mnagnesia. Itisunneces-
sary to go further into the analysis here, as another bottle of the same
water had a higher specific gravity and contained more lime, a circum-
stance sufficiently accounted for by the escape of a portion of the car-
~ bonie acid from the other specimen. The water of the lake-is clear, and
has no unpleasant smell ; but the mud at its bottom is strongly impreg-

* Captain Alexander has published a notice of this lake in the Transactions of the Literary
ﬁﬂ'ﬂiﬂ}' of Madras, and in the Edinburgh Philosophical Journal; but he must have examined
It very cursorily or he would not have overlooked its real nature, and stated it to be unfathom-
able, when, in fact, the water is everywhere shallow. An extract from a private letter to

S ’?"“mr'a and published in his Jowrnal for June 1834, was written before T had myself
examined the chemical history of the lake.
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nated with sulphuretted hydrogen. In February 1834, when the
specimens were collected, the lake wasin no place more than five feet in
depth of water and mud, but when full it may be eight or ten feet deep
in some parts. A layer of salt two or three inches thick covered the
bottom under the mud, and when broken up and removed, was found to be
composed ofa middle plate, with radiating lamine above, and having a
striated appearance below. That obtained by diving and bringing up
baskets of the black mud, at a season when there was much more water
in the lake,* was also formed under the surface of the mud in lamelar
spicula radiating in every direction.} The salt accumulates slowly, and
is collected only once in several years, the quantity having diminished
in consequende of the mounds erected above the edge of the crater, to
regulate the supply of water, having been neglected ; but it is evident,
from the great beauty of the specimens obtained, that the quality is not
affected by this cause. The salt is collected at the end of the dry sea-
son, when the water is low ; and I observed mounds of the black mud
on the banks, covered with an efflorescence of tubular erystals. The
salt is used for washing and dyeing chintzes, &c., and is exported to con-
siderable distances. I imagined that the water of the lake in which
such large quantities of salt were deposited was saturated ; but I found
its specific gravity to be only 1027:65, a solution of the salt itself obtain-
ed from the bottom at the same time being 11434 ; and the water rapidly
dissolved the ecrystals thrown into it. On analysis, the salt was found
to consist, in 100 parts, ol carbonic acid, 38; soda, 40-9; water, 206 ;
insoluble matter, -5; and a trace of a sulphate. This nearly corresponds
to the composition of the trona or striated soda from the lakes of Fezzan,
examined by Mr. R. Phillips ;1 but approaches somewhat nearer to the
equivalent numbers of the sesquicarbonate established by that analysis,
which is to be ascribed to the greater purity of the Lonar salt. The
water of the lake contained, besides, a little potash, muriate of soda 29
grains, sesquicarbonate of soda 4-2 nearly, and sulphate of soda -1 of a
grain in 1000 grains of the water. No lime could be detected in it, nor
did I discover any magnesia. These facts confirm Berthollet's theory
ol the formation of carbonate of soda in the natron lakes of Egypt, viz,
that of a mutual decomposition of the muriate of soda and ecarbonate of
lime when.in a pasty state. :

The striated soda of Fezzan and of this lake, containing halfl an

* July 1824,

T The natron of a lake near Maracaybo in South Ameriea occurs in the same way, the
Indians breaking up the layers of salt with long poles; and then, by diving, they remove it
from under a bed of mud which covers it, and they place it in small canoes,
—Journal of the Royal Institution, vol. i. p. 188, f

{ Journal of the Royal Institution, vol. vii. p. 204,

as is done at Lonar.
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equivalent more ol carbonic acid than can be furnished by carbonate
of lime, renders some modification of his theory necessary; and the
most probable explanation appears to be that the carbonic acid by
which the lime is held in solution in the mud furnishes the acid, and
perhaps indicates the existence of an unstable sesquicarbonate of that
substance ; which is not improbable from other facts in the history of the
union with that acid. This was suggested by my friend Captain Smith
of the Madras Engineers, and explains the circumstance sufliciently,

Like most points in physical science, these observations have other
and more extensive applications than that of affording an explanation
of the production of natron in this lake. Carbonate of soda is exten-
sively distributed over the surface of the soil in various countries, more
especially in the basaltic portion of Central and Western India, and in
the limestone districts of the south; the real relations of which have
been a subject of discussion amongst Indian geologists, and inferences
unsupported by fact have been drawn from it. In all the places where
I have met with it, or of which detailed information has been obtained,
muriate of soda and carbonate of lime existed in the soil, and the natron
was found on the surface of the moist earth or mud. Near Gundy-
cottah on the banks of the Pennar, eommon salt is interstratified with
the upper schistose strata of the argillaceous limestone on which the
sandstone rests ; and on the surface of the neighbouring soil, natron,
contaminated with much muriate of soda, is collected and used in
washing and in glass-making. The salt associated with the limestone,
and the water of a saline well dug through it, having the specific gra-
vity of 1002-5, contain common salt and a little sulphate without any
carbonate of soda, which is no doubt produced in the same manner as
the Lonar salt. T did not ascertain whether it was also a sesquicar-
bonalte, but I have examined a portion of native carbonate of soda from
ancther part of India, with which Mr. Faraday had the kindness to
furnish me, and I found it to be composed of a mixture of that salt
with muriate of soda and a little sulphate. The same is probably true
of the carbonates found in other countries in similar situations.* A
specimen, however, procured from the water of a deep well near Lon-
don, passing through the London clay into the chalk, which I received
from Professor Daniell, contained the carbonate ; but as the sesquicar-
bonate is decomposed by a low heat, no inference can be, founded on
the H‘n‘tmiﬂaliﬂn of specimens obtained, as this was, from the boiler of
an engine,

The absence of lime in the water of the Lonar Lake is a remarkable
* The carbonate of soda formed by the incineration of saline plants in the deserts of Nor-

thern India, and by the deflagration of nitrate of soda and eharcoal in the séuth of the Peniusula.
must not he confounded with the natron found in the soml,
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circumstance, but easily accounted for, as the sesquicarbonate of soda
and the water itsell precipitate the sulphate and muriate of lime,
notwithstanding the mutual decomposition they undergo when in a
semifluid state. The Lake of Ourmia, in Persia, is stated by Dr. Mar-
cet to contain no lime, although of a specific gravity of 1165-07, and
abounding in sulphates and muriates. This appeared very remarkable
in an inland sea nearly 300 miles in circumference, sitnated in a volea-
nic country. On referring to the works of travellers,* it appeared that
the streams flowing into it abounded in lime, which is deposited in
large quantity in the form of a beautiful travertine. The lake is shal-
low, and at certain seasons much of it is nearly dry ; the water is clear
and transparent, but the mud of the bottom is loaded with sulphuretted
hydrogen, and thick layers of salt, formed in it ander the water, are
re-dissolved on any agitation. No fish can live in it. All these pheno-
mena are exact counterparts of those exhibited at Lonar, but no infor-
mation is given as to the salt collected from its saline mud, except that
Sir John Malcolm states the salts are bitter and different from those of
the sea. I am, therefore, strongly impressed with the conviction that
sesquicarbonate of soda is formed {rom its waters as at Lonar, and pre-
cipitates the lime. Dr. Marcet, however, has given, in the Philosophical
Transactions for 1819, the results of an examination of a small quan-
tity of this water, which he states to be as follows :—

1. Precipitate from 500 grains of the water by nitrate of

BYIVEE, e i i e o e ha u e e a e e mle Tis ke s 2370
- By piltraie’of bargte: L AL LV U e h et SN LS TR 660
3. Magnesian precipitate by carbonate of ammonia and phos-

phate of goda 'y, 0l os, Shve i WAL IR © v N S

And he infers that, although it contains no lime, it yields twenty times
as much sulphuaric acid and six times as much muriatic acid as sea-waler
does. DBut Dr. Marcel had only 150 grains of this water to operate on,
and merely gives in a tabular form, along with many specimens ol sea-
water, the quantity ol precipitate caused by the varions reagents ; and
there is no evidence that the precipitate from muriate of baryta was not,
in part, caused by carbonate of soda. It is, at all events, worthy ol the
inquiry of future travellers.f

The Lake of Ourmia, like that of Lonar, contains poiash, which I
did not detect in the springs running into the latter, but its source
is no doubt in the decaying (and when I visited it, burning) trees on

* Sir John Maleoln's History of Persia; Sir Ker Porter’s Travels ; Ouseley’s Travels ;
Journal of the Geographical Society, vol. iii. &e.
% If a carbonate exists in the water, it must be of the same composition as that of Fezzan,

Maracaybo, and Lanar, as the carbonate would precipitate the magnesian salt, which the ses-
: L precip B
quicarhonate would not,
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the surronnding precipices. The sulphuretted hydrogen adhering to the
clay has been supposed 1o be derived from voleanic sources, but 1 have
observed the same phenomenon in the salt-waterinlets along the Indian
coast, wherever the bottom contained argillaceous and carbonaceous
matter; and it even goes so far asto form considerable guantities of
sulphur, and, I have reason to believe, sulphuric acid, although on this
point the proof is defective. The eftect is to be ascribed to the decom-
position of the sulphates of the water by the carbon ; and the clay proba-
bly only prevents its passing off’ into the air, or mixing with the water,
by the power of adhesion. Similar actions have gone on in [ormer tines
in the alluvinm on which the eity of Madras stands, and probably in
more ancient deposits.*®

The ancient crater of Lonar seems never to have been an aetive ernptive
vent, as no scori@ or lava currents can be traced around its margin,
which is too distinet and unaltered to admit of any probability of these
having been subsequently removed by denudation. A ceriain degree of
forcible elevation was sustained by the margin of the lake, when the explo-
sion orsubsidence happened from which the greatdepressiontookitsorigin.

From Lonar the basaltic district extends to the soath as far as Beder;
to the west, 200 miles to Bombay ; and northward, to the banks of the
Nerbudda, near the ancient cities of Indoor and Mhysir, reported to
have been buried at a remote period under veleanic eruptions. To the
east, the great basaltic country of Berar extends as far as Nagpoor; and
the Sichel range passes in a S.E. by E. direction to the confluence of
the Wurdah and Godavery, and towards the eastern ghits. Hot springs
and streams, loaded with carbonate of lime, oceur along the line of
elevation of these mountains at Mahoor, Urjunah, Kair, Byorah, and at
Badrachellum, a short distance above the pass throngh which the Goda-
very reaches the alluvial plains of the coast. The spring of Byorah is
surrounded by sandstone and limestone rocks, and carbonic acid escapes
with the water, which has a temperature of 110° and holds lime in
solution.¥ ‘That of Badrachellum, which rises in the sandy bed of the
Godavery, has a temperature of 140° and contains sulphuretted hydro-
gen, also sulphates and muriates of soda and lime. A sandstone, re-
sembling the cement of the Bangnapilly diamond breccia and the rock
of Won, protrudes from the sandy hed of the river near the spring; and
granite, basalt, and a red schist resembling that so common in the diamond
districts, oceur in the neighbourhood ; diamonds also are oceasionally

* No sulphuretted hydrogen can be detected in the water of the springs running into the
lake. The hot spring of Aphoni Simhoni, in the sandstone and basaltie distriet between the
valley of Berar and the Nerbudda, T have found to contain su.'l.plnl,w;ttmlﬂh\-{]mguu and muriate
of soda, without lime, v

T Jnurr_ml of the Asiatic Society of Bengal, vol, ii. p- 397,

ag
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tound. Other hot springs are reported to exist in this line of elevation ;
but that wild and little-known country, far removed from the residence
of any European, must long remain in a great measure unexplored.
‘T'he facts stated in the preceding pages prove that the basaltic rocks,
by which so much of Western and Central India is covered, are more
recent than the sandstone and argillaceous limestone of the basins of
the Pennar, Kistnah, Godavery, and of the mountains south of the Ner-
budda ; and that, notwithstanding the frequent oceurrence of these rocks
in a horizontal position, they have been subjected to violent operations,
which have in many instances elevated the strata and remarkably alter-
ed the rocks themselves. It also appears, from observations made on
the borders of the trap districts, and in other places where the primary
rocks and the sandstones and limesiones are not entirely concealed,
that the basalt has burst forth from numerous fractures in these forma-
tions, probably simultaneously, although often forming insulated masses,
It is possible, that more than one period of eruptive violence may have
occurred between the era of the formation of the greenstone dikes, so
common in the granitic districts, and the conclusion of the eruptions by
which the fossils were entombed ; but at present there is no proof of such
having been the case; and all observers have considered the eruptions
lo have been contemporaneous ; an opinion, to a certain extent, con-
firmed by the occurrence of the same fossils in very distant localities.
The sandstone and argillaceous limestone I have myself traced, from
the neighbourhood of Nagpoor nearly to the junction of the Wurdah
with the Godavery, bearing the same characters as in the vieinity of
the fossil beds; and I have collected specimens of the same rocks
at various places between this and Badrachellum and the diamond
mines in the neighbourhood of the Kistnah. 'I'his tract, for 250 miles, is
nearly an uninterrupted forest, and presents many difficulties in the
investigation of its geological structure. Trap rocks and basallic soil
occur in many parts of the course of the Godavery, and granite of the
usual characteris occasionally met with. Dr. Voysey, who investigated
great part of it with his usual accuracy, describes the sandstone as con-
stituting a range of mountains 60 miles in extent, to the north-west of
Badrachellom ; and the surface rock 20 miles south of Ellore (near
the alluvial plains of the Kistnah and the diamond mines), also at Mun-
gapelt on the Godavery, where [ found silicified wood resembling that
of Pondicherry.* TFossil wood was also seen by Myr. Geddes strewed

* Journal of the Asiatic Society, vol. ii. p. 402. The tenor of Dr. Voysey's observations in
this place seem to show that he considered the “clay slate,” in which he included the sand-
stone, to belong to the same formation as the limestone ; a conclusion I had formed betore
meeting with his paper, and which has not been expressly stated in any of his writings vet
gwven to the publie,
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over the country N.W. of this point, towards the junction with the
Wurdah., Where the sandstone of the Godavery meets the granile to
the west Dr. Voysey states that it can hardly be recognised as the same
rock, consisting of a conglomerate containing quartz, felspar, and
ronnded pieces of granite resembling that of the eastern ghiats. The
argillaceous limestone occurs in the same distriet, and is more widely dis-
tributed than Dr. Voysey supposed. He found it atan elevation of 2,600
feet above the sea, and exhibiting marks of great disturbance, dipping
to the 8.E., and at the summits of the hills intermixed with quartz rock.*
Dr. Voysey considers these formations at the lower part of the Godavery
to be the same as those of the Kistnah and Pennar; and in this opinion
I fully coineide, although I have found the continuity of the sandstone
and argillaceous limestone to be interrupted by a narrow band of gra-
nite, extending from the delta of the Kistnah to the granitie platform of
the Deckan. Some of the hills, however, have caps of sandstone. In
the present state of our knowledge it iz diffieult to form any correct
notion as to the dip and direction of these rocks. Indicationsof derange-
ment and elevation by the granite are, however, sufliciently apparent.
Sandstone and schists of the same characters, and associated wilh
the same rocks, are also extensively distributed along the great tributa-
ries of the Kistnah, in the Southern Mahratta Country, near the western
ghits, and a little to the south of the part of the basaltic distriet de-
seribed by Colonel Sykes (Geol. Trans. 2nd Series, vol. iv.). The
limits of this part of the formations have been but imperfecily traced.
According to Dr. Christie’s observations and my own, they are the same
as those of the Cuddapah district.t The occurrence of sandstones and
stratified limestones in this situation is a fact of great imporiance,
which has escaped the notice of those who have speculated on the
period of elevation of the great monntain chains of the peninsunla. It
was for this reason that I selected the line of section from Madras to
Atchera, on the western coast, within the limits assigned by Colonel
Sykes to the basalt, and near to which I discovered the sandstone below
the escarpment of the western ghits. (Section 2, map.) In the pagoda
of the town [ observed several quartzose sandstone pillars; and I dis-
covered the rock itself forming a small range of hills to the south of the
t{.swn, and dipping at a considerable angle to the N.W. The stone is
similar to that of the hills, near the Chinoor diamond mines. The rock
at the entrance of the inlet is laterite, having the appearance of hori-
zontal stratification ; and there are some indications of trap below it;
but of this I could not obtain positive evidence. Colonel Sykes, how-
ever, states that the basalt occurs a little to the south at Malwan ; and [

= 1"|IE_: structure of the wood is beautifully preserved : it is coniferous.  June 24th, 1839,
T Edinburgh New l:'hilusulrllicu] Journal, 1828 and 1829,
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found it at Colier, and other places to the north, underlying the laterite,
at the foot and on the escarpments of the hills. These facts are suffi-
cient to show that the elevation of the western ghiits in this part of their
course was posterior to the deposition of the sandstones, which, for the
present, must be considered as contemporaneous over all the distriets
described. I am aware of the uncertain nature of mineralogical cha-
racters, as characterizing different formations ; but in rocks exhibiting
such remarkable appearances and relations over such extensive areas,
and when no organic remains exist in them, I do not think it wrong to
place some confidence in the evidence they afford, more particularly in
the south of India, where the rapid changes of formations, so common
in Europe, are quite unknown.

The speculations of Elie de Beanmont on the age of these mountains
is founded on negative evidence and analogies which appear to me to
have little weight ; nor can I consider the remarks of Dr. Benza, found-
ed on his excellent researches on the geology of the Neilgherry moun-
tains, as more conclusive. 'The non-occurrence of stratified rocks and
of organic remains in a high granitic table-land affords no proof that
these mountains have not been recently elevated ; and the plentiful oc-
currence of ferruginous sandstone, containing brown coal, lignite, and
mineral copal, at the foot of the Travancore mountains, show that these
inferences have been too hastily drawn, when such gigantic generaliza-
tions were to be established.

Ace or tee Diamoxnp SANDSTONE AND ARGILLACEOUS LIMEETDHE.

With regard to the age of the diamond sandstone and argillaceous
limestones, my own conviction is that they belong to the more anecient
secondary, or even transition rocks; an opinion which is not at all
contradicted by their frequent occurrence in horizontal strata, as they
could not have been deposited in the situations in which they are now
found. The facts T have stated will enable others to estimate the cor-
vectness of an impression founded on the structure, geological relations,
and occasional nearly vertical position of the strata. On this subject
I would express no decided opinion, but recommend an examination
of the junction of these formations with the stratified and unstratified
primary rocks, with a view to this question.

The sandstones and limestones of Bundleecund and Malwa corre-
spond in many particulars with those ol the south of India, and have been
considered by all writers as belonging to the same formations. The
sandstone, Major Franklin considers to be the same as the saliferons
sandstone of England;* to which it has been objected, that the salt

* Geol. Trans. 2nd Series, vol. iii. part 1.
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diffused through the soil of Bundlecund may not be derived from this
source, as it has never been discovered in that rock. I have also ascer-
tained that salt occurs in all the formations of India, from granite to recent
allavium. 1 have, indeed, never met with a saline spring in the sand-
stone, but this I consider to be accidental, that rock being generally
placed in inaccessible situations. I have, however, found thin seams
of “salt, interstratified with the upper schistose layers of the argilla-
ceons limestone, in the immediate neighbourhood of a cliff of sand-
stone 300 feet in height, between the lower beds of which a similar
schist was interposed. A more important objection to Major Franklin's
opinion of the diamond sandstones belonging to the new red sandstone
is, that in the peninsula this sandstone, throughout 800 miles of latitude
and half as much of longitude, is superior to the limestone he has called
“Lias.” Nor can I find sufflicient proof in his memoirs, or in other
papers on the country between the Nerbudda and the Ganges, that this
limestone reposes directly on the sandstone; and it is evident that no
inference can be founded on its occurrence at a higher level in a
country so much altered by denudation and the intrusion of eruptive
rocks. But should it be herealter found that the limestone in certain
parts of Bundlecund does actually occupy a higher geological postion, the
fact would not be conclusive against the diamond sandstones of the north
and south, belonging (as everything indicates) to the same formation.
I am indeed of opinion that the argillaceous limestone and the sand-
stone constitute only one formation, although I do not think that they
should be spoken of as such in the present state of our knowledge. The
basalt which has broken up and penetrated these rocks to the north and
south of the Nerbudda is connected with the same system of trap rocks,
and was probably erupted at a period much more recent than either of
those to which the sandstones and limestones have been referred.

Inferences respecting the Fresh-water Fossils.

On the evidence on this subject afforded by the fossils imbedded in
or covered by the basalt I shall now make a few observations. For
the descriptions of the shells I am indebted to Mr. J. De Carle Sowerby.*

These fossils all belong to fresh-water genera, and to species which
have not yet been discovered recent. I have not been able to obtain
the seeds of Asiatic Chare, nor the valves of any Cypris inhabiting the
fresh waters of India. The shells, however, all differ from those in-
habiting the rivers of the neighbouring country, as far as Mr. Sowerby
and myself conld judge, by comparing them with a collection of recent
shells, which I made during a residence of several years at Nagpoor ;

* BSee Plates 2 and 3, and Description.
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nor do I think it possible that any of the larger shells could have escaped
my notice, did they still inhabit the northern branches of the Godavery.
Colonel Sykes, also, had the kindness to allow me to examine a
collection of recent shells, made by him near the western ghiits, consist-
ing of the same species as those of the Berar valley, and they are, of
course, different from the fossils. I also failed to detect amongst them
any of the shells contained in a large collection of recent land and
fresh-water Testacea from Bengal, presented to the Zoological Society
by Mr. Benson. It may, therefore, be inferred that the fossils do not
belong to recent species.

Gyrogonites have not yet been observed in any deposit more ancient
than the fresh-water formations of the basin of Paris. Cyprides occur
in the tertiary strata, and in the Weald clay below the chalk, and per-
haps in the Birdiehouse limestone of the Edinburgh eoal-field. Of the
other five genera discovered in these fossil beds, two have hitherto been
found only recent or in tertiary deposits, viz. Limnea and Physa ; and
the best characterized specimens of some of the others are referable to
the same period. It is, therefore, extremely probable that the basalt in
which these fossils are imbedded, and whieh has altered the rocks in
which they occur, belongs to the tertiary epoch; but to which period
I fear we have not the means of forming any decided opinion. Though
none of the species are recent, yet they are too few and in too ruinous
a state to admit of any general conclusions; althongh, from the very
great number of individuals collected in various localities, without add-
ing any fresh species, it is probable that nearly the whole which exist
have been procured. But when the vast extent of the country occupied
by the basalt is considered, and that a still greater tract was broken up
or disturbed at the time of its eruption, it will not appear improbable
that a rule, founded on the disappearance of marine shells in districts
exposed to no such extensive causes ol destruction of animal life, should
not apply.

In the preceding pages I have described the fossils discovered by
Mr. Geddes and myself in various parts of the Sichel mountains, and
the Valley of Berar, extending through the great frap district for 140
miles ; and I shall now shortly refer to other localities at great distances
from each other, where the same fossils have been found in similar rocks,
buried under the basalt.

Orner DISTRICTS OF Inpia IN WHICH SIMILAR FRESH-WATER SuE.LLs
HAVE BEEN FOUND.

Dr. Spilsbury discovered, eighteen miles from Jubalpoor, in an undu-
lating plain studded with irregular masses of trap, blocks of ¢« indurated
clay,” containing casts of fossil shells, for the most part silieeous, and
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resembling those discovered by Dr, Voysey in the Gawilghur range.*
At Saungor, nearly 100 miles to the north-west, reversed shells, stated to
be exactly the same as those of Jubalpoor, were discovered by Dr. Spry
in a bed of limestone, entirely surrounded by an amphitheatre of trap
hills, in which a lower range of compact sandstone is included.t This
fossiliferous limestone is covered by 17 feet of basalt, and rests on
a coarse siliceous grit, under which basalt is again met with. In the
same neighbourhood fine specimens of «ilicified palms are found. Ju-
balpoor and Saugor are situated to the north of the Nerbudda, in the
great Vindya range ; and in the same district fossil bones of mammalia
occur in limestone capped by basalt. The drawings of the shells differ a
little from each other,} but the fossils are stated to be the same ; and, as
far as Mr. Sowerby could judge, they do not differ from the Physa
Prinsepii. The similarity was more obvious in other specimens left in
India, and I have no doubt of their being the same. It is, however,
desirable that the specimens themselves, in the Museum of the Asiatic
Society of Bengal, should be compared, that the connexion of the northern
and southern portions of the trap formation may be placed beyond a
doubt. South of the Nerbudda, fossils are again met with in the moun-
tainous country, north of the sources of the Taptee, at a place called
Jirpah, near to which trap hills have broken through the sandstone. Dr.
Voysey. in speaking of the heat of the steel furnaces of Nirmul,
notices the occurrence of an “indurated clay” containing fossils at this
place, but he gives no further information regarding them.§ Tn a small
specimen of this rock, Mr. Sowerby recognised the Paludina Deccanen-
sis, and a portion of a larger shell, probably the Physa Prinsepii; and
the matrix is the same as the fossiliferous * indurated clay ” from Ga-
wilghuz; it also much resembles many of the varieties of chert in which
the Berar fossils are found. The third range of hills has been described
by Dr. Voysey under the name of the Gawilghur mounntains, and it
forms a very remarkable feature in the physical geography of Central
India. 1In this lofiy basaltic range Dr, Voysey discovered fossil shells,
the situation of which he has accurately deseribed ;|| but as his account
of them has been so far misunderstood as to induce M. Conybeare to
state that they occur in “ lias-like beds,”q[ and Colonel Sykes in a recent
deposit,*# it s necessary to mention that they are found in mountains in
greal part composed of basalt resembling that of the Giant's Caunseway,
but containing, more frequently, crystals of olivine, of basaltic horn-
blende, and carbonate of lime. 'This rock passes into a wacké, having

: Journal of the Asiatie Society of Bengal, vol. ii. p. 205. t Ibid. pp. 376, 639.
+ Ih:_ﬁ.‘p. o83, Plate 20, § Journal of the Asiatie Society, vol. i. p. 247,
Il Asiatic Researches, vol, xyij;. p- 187, T Report to the British Association, 1832,

** Geol. Trans. 2uq Series, vol, iy, p. 426,
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every variety of structure and induration known amongst trap rocks,
or into what has been called stratified basalt, from the parallelism of
its planes, “the summits of many of the ravines presenting a continued
stratum for many- thousand yards.”*

Ascending from the Taptee river, Dr. Voyseyt observed a group of
basaltic colnmns, and near the summit of the flat table-land of Jillan
he entered a pass presenting a perpendicular section, above the road, of
30 feet, and below it a rapid descent of between 40 and 50. The lower
part of the section, as well as the pathway, is composed of wacke, and
“lying on it is a stratum of earthy clay of different degrees of indura-
tion, 20 yards in length and about 2 feet thick, containing a great num-
ber of entire and broken shells,” which are much compressed, and do
not effervesce with acids. Some of them completely commix with the
matrix. This bed of clay possesses all the characters of a stratum,
which Dr. Voysey says seems to have been depressed by an overlying
mass, 15 feet thick, of the nodular basalt or wacké so common in these
hills. 'I'he vertical fissures, which are so “remarkable in trap rocks,
are prolonged from both the upper and lower rocks, into the shelly stra-
tum, althongh there is no intermixture of substance.” The stone in
which these fossils occur is similar to that of Jirpah, and of many of
the specimens from the Sichel range and the valley of Berar; and the
casts and fragments of the shells resemble those of the Paludipne and
other shells of that district. Between these mountains and the Sichel
hills, the great valley of Berar is included, but the two ranges closely
correspond in the natare of the soil and rocks, and in their fossiliferouns
beds. They are not, however, exactly parallel; nor do I think that we
are justified in classing them with the Vindya range to the north of the
Nerbudda, or with the range which separates the valley of that river
from the valley of the Taptee.

It is evident, from the same fossils being found in all these ranges,
several hundred miles distant from each other, and from the same
secondary rocks being broken up and altered, that the basalt of which
they are prineipally composed was, in part at least, erupted at the same
time ; and that the western and eastern ghiats must have partaken in
this great movement.

Shells, probably of the same genera, were also found by Dr, Voysey
in the insulated basaltic hills of Medcondahi and Sivalingapah, which

* Dr. Voysey, Asiatic Researches, vol. xviii. p. 127.

t Asiatic Researches, vol, xviii. p. 192, and Journal of the Asiatic Society of Bengal, vol. ii.
p. S04,

t In a specimen of this ehert in the Geolagical Society’s Museum, T have found a gyrogo-
nite of the same kind as those of Nirmul, and halves of a species of Cypris associated with
shells.  June 24th, 1839,
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yest on the granite of the Deckan, south of the Godavery, and are pro-
bably connected with the southern part of the great trap district, and
the hills of Bicknor Pett and Nugger shown in Section 1, Map. The
fossils are imbedded in the basalt, in a siliceous rock containing lime,
and corresponding in specific gravity, chemical composition, and ap-
pearance to the fossiliferous cherts of the Nirmul Hills. Sivalingapah
lies considerably to the west, but nearly in the same latitude as Nirmul.

The only other locality where fossil shells have yet been discovered,
within or near the great basaltic district, is five miles south of Rajah-
mundry, a large town on the Godavery, a little above the alluvial plains
of its Delta.®* They occur in some small hills ranging nearly W. and
E., and composed of conglomerate and red sandstone supporting wacké,
overlaid by limestone containing shells, which is again covered by
basalt. The shells arein the best condition in the upper part of the lime-
stone ; of many only the impressions remain, but the oysters, which are
the most abundant, are well preserved. The basalt and some specimens
of the chert, jaspers, &ec. from these hills, presented to me by Dr. Benza,
resemble the varieties found with the fresh-water shells of the Sichel
range, and the hills in which they occur, having the same direction, are
probably connected with the eastern termination of that range. They
are evidently associated with the sandstones of the diamond distriets to
the north of the Kistnah, and with the continuation of the eastern ghits ;
thus confirming the opinion above expressed, of these mountains being
of more modern elevation than is supposed by some geologists. 1Itis
impossible to separate the western ghats from the eastern in any theory
that can be formed, as they diverge from the same point, support the
same table-lands and the same stratified rocks; and where these
mountains meet at the Neilgherry Hills, the hornblende schist has been
noticed by Dr. Benza to dip in opposite directions from the eastern
and western mountains.

In the Journal of the Asiatic Society of Bengal, vol. iv. p. 565, and
Plate XLVIII,, fossil shells are figured, which bear considerable resem-
blance to some specimens of Unio from the Sichel Hills, but not suffi-
ciently to identify them. They form part of the Dadapoor collection of
Sub-Himalayan fossils, so ably investigated by Licutenants Baker and
Durand, and are stated by Mr. Prinsep, in a note, to be identical with
specimens collected by Colonel Burney with the bones of the Masto-
‘1‘{“: &c.in Ava. He adds, that they probably belong to the large and
thick species of Cyrena, noticed by Professor Buckland as occurring in
a blue and marly clay near the locality of the fossil bones collected by
Mr. Crawford (Geol, Trans. 2nd Series, vol. v.); but T found the spe-

* Dr. Benza on the Neilgherries.—Journal of the Asiatic Society of Bengal, p. 435,
August 1835,

by
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cimens of these shells in the Society’s collection to difler both [rom
those of the Sub-Himalayahs and of Central India.

Mr. Pentland, in the same volume of the Geological Transactions,
malkes the following observations on Indian tertiary deposits: * How
far the same formation may be prolonged in a southerly direction
along the peninsulas of Malacca and of Hindoostan it is impossible
to say; although we possess proofs of its existence at Madras, where
it contains the same species of shells as on the Brahma-putra, and at
Pondicherry, where it envelopes the great masses of silicified wood
found near that eity.” (p. 394.) The formation on which Madras
stands is, however, erroneously referred to the tertiary epoch, being a
recent alluvium, accuminlated by the joint action of the rivers and break-
ers, and containing the same shells as now inhabit the mud of the salt-
water inlets and sea-shore of the Carnatic.

With regard to the age of the silicified wood of Pondicherry, no facts
have yet been ascertained which can justify any conclusion. Tt is,
however, to be hoped, that a gentleman familiarly acquainted with the
tertiary and volcanic rocks of Greece and Italy will soon communicate
positive information regarding the geological relations of the sandstones
containing the silicified trees and the fossil shells,* the conical hollows,
obsidians, and other indications of volecanic action said to exist in that

neighbourhood.
ReLarivEe AGE oF THE LATERITE AND TRAP.

I shall conclude this paper by one or two remarks on the relative age of
the Laterite and Trap. Dr, Babington{ and Dr. Christie had observed
this rock, both below and above the ghits in the latitudes of Seringa-
patam and Goa, and I have traced it in the deep and narrow valleys of
Coorg, at various heights, from the level of the sea to several thousand
feet above it ; but as in all those places it rests on syenite or other gra-
nitic rocks, from the decomposition of which, in situ, there is much
reason to suppose that this remarkable formation is derived, no infer-
ence as to its age can be drawn from these facts. At Colter, however,
and other places on the coast of the great basaltic district, it rests on the
basalt, forming the summits of the hills, or an external layer over the
trap which constitutes the body of the hill. This superposition is
exhibited in ravines passing through the laterite, or where that rock has
thinned off so much that it can be separated from the basalt below,
which has most commonly a stratified arrangement, often highly inclined
and parallel to the precipitous face of the hill. It has also been observed

* The shells I have seen differ from those of Central India.
+ Geol. Trans. 1st Series, vol. v. p. 329,
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above the ghits, and in the table-land of the Deckan, between the
Godavery and Manjera rivers, resting on basalt ; it is, therefore, probable
that the trap has been protruded from below, since the laterite assumed
its present form. It would be improper, in this place, to enter into any
details regarding a formation which extends over much of the Malay
peninsula, Ceylon, the Coasts of Coromandel and Malabar, and Cen-
tral India. In different portions of these vast countries, several varieties
of this rock are met with, well deserving of attention, yet its general
character and composition is the same over 30 degrees of longitude
and 20 of latitude, and nowhere is any proof to be found of its being of
volcanic origin,® or the equivalent of certain European rocks, as sup-
posed by Elie de Beaumont. Under the name of laterite, however,
very different rocks have been included ; such as the ferruginous elays
and sandy beds underlying the alluvium of the Irawady, ncar Ran-
goon, and a ferruginous conglomerate now forming in many places
from decomposed and reconsolidated laterite or syenite, and contain-
ing fragments ol granite, and occasionally enveloping a recent land
shell.

Besides these, a rock, apparently of igneous origin, has been occasion-
ally confounded with laterite, and in the diamond districts is known to
the natives by the same name as is applied to that rock in the Mysore.
The thinner strata of the diamond sandstone of the Pennar have heen
observed to be bent in a remarkable manner by the intrusion of this
rock; and in other instances it had apparently escaped in a semifluid
state between the joints of the larger tables, carrying with it fragments
of the sandstone, whose angles are so well defined that I thought I
could trace the very spot from which they had been broken off. Not-
withstanding these appearances, the character of the rock differed so
much f{rom any varieties of basalt I had then ceen in India, that I
hesitated about referring it to the trap family, till I had seen varieties of
a red wacké much resembling it, constituting part of the basaltic moun-
lains of the island of Salsette. It is in a substance of this kind, inter-
stratified with sandstone, that Tavernier deseribes the diamond mincs
of Beejapoor to have been worked in former times. The transitory
nature of the political divisions of this part of India, and the decay or
desertion of many towns and villages, have hitherto prcmnled the iden-
tification of these mines ; but enough has been said to show the impor-
tance of cantion in reasoning on individual facts, relative to one of the
most singular and extensive formations anywhere to be found.

* Calder, Asiatic Researches, vol, xviii. Conybeare, Report to British Association.



44 FOSKILS OF THE EASTERN PORTION

Note,

The [resh-water shells described in the preceding pages must have
inhabited sheets of fresh water of which no traces can now be dis-
covered, in the configuration of the mountainous tracts in which they
for the most part occur. No natural lakes exist in these districts, nor
could shells have accumulated in such quantity in rivers similar to those
which now intersect the country. It may, however, be supposed that
the sandstone and limestone rocks of Berar had onece a position similar
to that which the same rocks now occupy in the basins of the Kistnah
and Pennar. Voysey describes these rivers as passing through the
Nulla-Mulla range by gaps or fissures “which have been produced by
some great convulsion, which, at the same time that it formed the beds
of these rivers, gave passage to the accumulated waters of some vast
lakes situated near the outlets.” ¢ The tortuous course of the Kistnah
is bounded for upwards of 70 miles by lofty and precipitous banks,
which in some places rise 1,000 feet above its level, the opposite sides
of the chasm corresponding in an exact manner. Ravinesof this descrip-
tion are not unfrequent all over the range, and the exact correspondence of
their salient and re-entering angles, together with the abruptness of
their origin, totally preclude the supposition of their being hollowed
out by the action of running water.”* Such seems also to have been
the case where the Pennar passes through a narrow gorge in the Gun-
dicottah sandstone hills. Through the upper part of its course, this river
flows over flat country covered with alluvial soil, at right angles to the
hills; but it finds an exit throngh them by a fracture in the wall which
in former times had apparently dammed up its waters. The strala
have been muchdisturbed, probably by the eruption of the basalt, which
is seen at the foot of the sandstone hills on the opposite side of the
valley, from which the Gundicottah range appears to have been sepa-
rated. Section 2nd, Map. It should, however, be stated, that ravines
formed in this sandstone, by the action of the streams now flowing in
them, exhibit abrupt precipices, the opposite sides of which correspond
to each other as Voysey has described.

The Sections accompanying this paper were constructed by Captain
Smith, of the Madras Engineers, F.R.S., from information contained in
my notes made during several journeys in the lines represented, and
from some published papers. The information is by no means com-

* Asiatic Researches, vol, xv, pp. 124, 124,
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plete, but, I believe, it will be found to be correct as far as it goes. 1In
consequence of the great length of the lines to be represented, and the
comparatively moderate height of the hills, it would have been impossi-
ble to have given the different formations of sufficient size to have been
seen in a distinet manner without great distortion of the strata, had the
whole distance been represented. Breaks, therefore, have been intro-
duced, representing the continuance of the same rock for the number of
miles specified in each instance. In the Baulpilly valley and in some
other localities (Sect. 2) the summits of the hills are almost inaccessi-
ble, and it has consequently been impossible to represent them as they
occur in the exact line of section. I have, therefore, been content to
exhibit the strata as they occur at their bases, with the exception of a
few of the hills which have been more carefully examined, and which
correspond in appearance to those which are as yet unexplored.

Section 1st passes from the Bangnapilly diamond mines to the valley
of the Nerbudda, with the view of connecting Section No. 1, across the
peninsula, with a line running north and south through its centre ; and
which might easily be continued to the Himalayah mountains to the
north, and Ceylon to the south.

Note to line 7 from the top of Page 9.

“In a specimen in the Geological Society’s collection, taken by Dr,
Voysey from a ‘greenstone dike’ passing through granite, at Guntoor
south of the Kistnah river, olivine is diffused amongst the other consti-
tuents of the rock.” June 25th, 1839.

EXPLANATION OF THE MAP AND SECTIONS,

The Map is intended only to assist the reader in following the description contained in the
paper, and to exhibit a general view of the distribution of the rocks ocenrring between the
Taptee and Pennar rivers. However imperfect this slight sketch confessedly is, it is hoped
tl:tnt, by embracing almost all the information vet obtained respecting this extensive region, it
will correct the erroneous opinion entertained by many of the simplicity of the geological
strun:tu‘n!. of the South of India, and afford a nucleus around which additional and connected
observations may be gradually arranged.

It !ms been found impossible to employ more than two colours for granite, gneiss and mica,
nlrllnljlte and hornblende schists ; for although many good observations have been made on the
distribution of these rocks in certain parts of the country, yet the boundaries have not, in ge-
neral, been clearly distinguished, nor is it always easy to do so. Where the stratified primary
rocks prevail more abundantly than granite, a purple tint has heen emploved,
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The diamond sandstone and argillaceous limestone appear to constitute parts of one forma-
tion, and it has therefore heen thought better not to distinguish them in a map of such small
dimensions ; though an attempt to do so has been made in the seetions. The laterite is intro-
duced only where it oceurs resting on basalt, at Beeder in the Deckan ; its limits are unknown.
Near Nellore, a nearly similar formation rests on the primary rocks, and is probably formed
from their decomposition in situ,

The trap is represented the same colour as in the illustrations to Col. Sykes’s Memoir on
the Deckan (Geol. Trans. vol. iv. PL. XXV 2nd Series), to enable the reader to connect the dis-
triet represented in Col. Sykes’s map with that contained in the accompanying map.

The Section, fig. 1, at the top of the Map, extends from Bundlecund, beyond the north
boundary of the map, to the Bangnapilly diamond wmines, situated between the 15th and 16th
degrees of north latitude.

Section, fig. 2, extends across the Peninsula from the coast near Atchera (lat. about 16%) to

Madras.

EXPLANATION OF THE PLATES.

PraTe 1.

Fig. 1. Section of the Bangnapilly Diamond Mines.
Fig. 2. Section of the Lonar Lake and surrounding rocks.

PraTes II. & IIL.

Organic remains colleeted by Mr. Malcolmson, and described and engraved [in orig.] by
Mr. James de Carle Sowerby.

Fig. 1. Chara Maleolmsonii. Oblong, spheroidal, with 10 ribs ; three of the ribs are pro-
duced at the apex. Natural size and magnified.

This capsule is composed of 5 tubes, each of which is curled twice round. The figures re-
present a east of the interior, the tubes being split down, and the outer halves broken away
and left in the ehert. The specimens are silicified, and constitute alinost the entire mass of
the rock in which they occur, associated with Physe and Paludine.

Fig. 2. Cypris cylindrica. Twice ns wide as long, almost eylindrieal ; front very slightly
concave ; the outer surface, which is very rarely obtained, 1s punctured.

Fig. 3. Cypris subglohosa. Subglobose, triangular, inflated ; front coneave.

The outer surface of this crustacean is punctured as in C. eylindrica.

Both species oceur abundantly in grey chert, with the Univ Deceanensis and other shells ;
and in various specimens of chert and indurated clay containing Gyrogonites, Paludine, Physe,
and Limnei, from the Sichel hills. The fossils are converted into caleedony.

Figs. 4 to 10. Uio Deccanensis. Transversely oblong, rather compressed ; margin inter-
nally waved ; shell very thick ; surface finely strinted. Fig. 6 is in limestone from the north-
ernn descent of the Sichel hills ; the others are in chert from Muonnoor. Natural size.

This speeies has often a ridge, which bounds the posterior portion, and is variable in size
and elevation ; it is most eonspicuous in the limestone specimen, fig. 6, and in o east in chert
from Munnoor, fig. 7. Fig. 8 is possibly a very young individual, before the margin had as-
sumed its wavy form. Fig. 9 is from a part of a group of many individuals of nearly one size
badly preserved in the same limestone as fig. 6; but as they are regularly oval, and do not
show a waved wargin, they may belong, as well as fig. 10, which is in grey chert from Mun-
noor, to a species distinet from U, Deccanensis. Some flattened specimens from this limestone
are 2} inches broad.

ng!‘. 11 and 12. LMnio fumida, Trﬂuﬁfursvly ohovate, smnl‘ll.h, g-lhhllﬂl.‘.: ]"INtEI‘il'I!.' ‘;‘Ntfcmit}'
rather pointed 5 beaks near the anterior rounded extremity.  Natural size,
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The section of the two valves united is regularly heart-shaped. The shell s rather thin,
and it has something of the contour of Cyrena. It occurs in the snme limestone with fig. 6,
and the substance of the shell is replaced by caleareous spar, which eannot be broken so as to
show the hinge.

Fig. 13. Limnea subulata. Subulate, elongated, smooth; spine equal in length to the body ;
whorls five. Inanearly white, soft, siliceous stone from Munnoor and Chieknee. Natural size.

Figs. 14,15, and 16. Physa Prinsepii.* Ovate, rather elongated, smooth, spire short ; body-
whotl largest upwards. Fig. 16, in a soft siliccous stone from Munnoor. Fig. 14 in chert
from Munnoor, and fig. 15 in chert from Chicknee; the drawing represents the shell as wider
than it is. Many of the specimens are crushed. The largest, fig. 15, are 2} inches long and
upwards of an inch broad. Natural size.

Figs. 17 to 19. Melania quadri-lineata. Subulate, whorls about eight, with four strize upon
each ; aperture nearly round. Fig. 17, in grey limestone from the same locality as G and 11.
Fig. 18, in softish chert from Chicknee, associated with Physa Prinsepii. TFig. 19, in fine
reddish grey chert, protruding from basalt near Munnoor, appears rather shorter in form than
the others, but the spine is not perfectly exposed or entire. Natural size.

Figs. 20 to 23. Paludine Deccanensis. Short, conical, pointed, rounded at the base ; whorls
5 or 6, slightly convex, aperture round. Fig. 21 is in chert from Munnoor ; and figs. 20 and
92 in indurated clay from between Munnoor and Hutnoor, the cavity of the shells being filled
with calcedony. The voung shell hasa slight carina shown in fig. 20. Fig. 23 appears to he
a crushed specimen ; it is in laminated, indurated clay, Munnoor. This shell oceurs, with
Physa Prinsepii, in a beautiful green siliceous mineral at Munnoor ; at Chicknee, and at the
bottom of the Nirmul pass. All the specimens natural size.

# My, Sowerby hag, with much propriety, named this fossil aflor Mr. James Prinsop, F.R.8.. and Sccrelary to the
Asintic Bociety of Bangal ; to whom Oriental sclence and literature are more indebted than to any other individual.—
J. G. M

ErnarTus. B

For “ Plate 1.” p. 17, read * Plate 11.”
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Eatracts from Dr. Vovsey's Private Journal, when attached to the
T'rigonometrical Surcey in Southern and Central India.*

From Secunperapap To BEEDER.

Saturday, 9th January 1819.—I quitted the Cantonment, Secunder-
abad, at three o’clock. I met Major Hopkinson at the bund of the tank,
who was making or repairing the road destroyed by the overflow of last
season ; he was in the act of directing the removal of alarge block of
the greenstone. He told me that the vein was continued beyond the tank
in a northerly direction, but that it could not be traced further south ;
also that the large vein crossing the road to the Residency was continued
in the same direction to Hyauttnuggur twelve miles distant. He men-
tioned the singular discovery of cairns and Druidical circles by W. P.
of the Artillery, one of which had been opened lately of a curious forma-
tion, and several bones had been found in it. The granite continues to
wear exactly the same aspect here and on the road we have travelled
from Secunderabad, the loggan stones and tors being very numerous.

Sunday, 10th January 1819.—Halted the whole day at Chinchawalee
ka Durga, and in the afternoon visited the tombs of Goleonda,—large
cupolas supported on square pilasters of granite of an extraordinary
length ; some of thern were at least 20 feet high, of solid stone. The
tomb is in the centre of the hall, formed by the eupola, and is made of
greenstone. Of this stone we discovered a vein abont 10 feet wide and
running east by south, the same direction as those in Hyderabad ; the
sides were composed of granite, intermixed with the greenstone, which
affected the form of rhomboidal blocks, and was penetrated by quartz
veins. From the top of one of the tombs we had a very fine view of
the fort of Golconda, which is not so strong as it is supposed to be.
Granite. No diamonds. The characteristics of this country, and strik-
ing ones they are: loggan stones and tors of the most grotesque appear-
ance, generally smaller than their support or pediment, and in many
instances piled together by threes ; their origin T shall hereafter speak
of :—tanks of large dimensions, varying from twenty to thirty miles in
cireumference, formed by dividing the bed of a natural lake formed
during the rains into two paris by a large mound or bund, through
which several locks suffer the waler lo escape, asit is wanted to fertilise

* Reprinted from the Journal of the Asiatic Society of Bengal, vol. xix, 1850, p. 201 #f seq.
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the other half of the bed, converted into paddy fields ;—the trap or
greenstone running twenty miles E. by 8., of which I have seen three
miles ; this stone is used for lingams and gods by the Hindus and for
tombs by the Mahomedans.

Monday, 11th January 1319.—We travelled through a country simi-
lar in all respects to the one we had quitted, except that the granite tors
‘assumed a still more grotesque appearance as we advanced, until within
two miles of Puttancheroo, when the granite suddenly ceased to be visi-
ble, and a fine plain of alluvial soil was spread out before us, covered with
trees and bearing the strongest proofs of great capability for cultivation.

Tuesday, 12th January 1319.—The country between Puttuncheroo and
Begumpett, on which the village is built, consisted of the same fertile
soil and plain, bounded on the east and west by low granite hills still
preserving their peculiar features, when, on our arrival at Begumpett,
the granite suddenly re-appeared in our path and formed the hill on
which it stands. On descending we found a stiff bluish clay, which
continued to the place of our encampment, Susdanuggur, on the borders
of a tank.

Wednesday, 13th January 1819.—We travelled through the same
plain; low granite hills making theirappearance until we nearly reached
Wondole, when quartz rock, forming considerable elevations, running
in N. and 8. direction; this rock continued for a mile and a half, and
then disappeared two or three hundred yards from Jogypett, the place
of our encampment. There the rock rises highest, perhaps 50 feet.
The quartz appears to have been once covered by an iron clay deposit
fromthe quantity of pisiform iron ore found on it, and from that formation
being found in the ravines and rents at the sides and bottom of the hills.

Thursday, 14th January 1819.—We .passed through Jogypett, and
crossed a plain abount seven miles in breadth, between the quartz rock and
the hill on which Colonel Hampton's flag was fixed ; the sides were
covered with angular and rounded masses of a rapidly decomposing
areenstone or hornblende rock, on breaking which the grey colour of
the decumpasing surface was found extending into the black crystalline
rock for about two lines. 'The soil formed by its decomposition was very
rich, and retentive of moisture. The form of the surrounding elevations
was nearly similar, and had nearly the same N. and S. direction. The
stone had no perceptible effect on the magnet.

Monday, 18th January 1819.—We quitted Tadmanoor for Jogypett.
I had a better opportunity of observing the scattered lumps and masses
of granite which are strewed without order on the plain at the foot of
the quartz rock. I observed no difference in its structure from that of
Hyderabad. On descending the hill I passed, just before the sun rose,

through a stratum of air in which the evaporation was rapidly going on,
ig
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producing a very cold sensation. When I came to the boltom, as I had
gone faster than to allow the inferior stratum to be affected by the same
cause, the warmth was very agreeable, but, as I could go no lower, it
speedily became cold as before, until the sun rose and counteracted the
effect of the evaporation, I forgot to observe that the quartz rock is
crystallized in rhombs, some of the angles of which are very perfect.

Tuesday (Mungul ), 19th January 1819.—We crossed the quartz rock,
which is not above three hundred yards in breadth, and, on descending
into the plain watered by the large tank of Jogypett, soon met with
lamps and masses of granite, which gradually inereased to the river
Manjira, of which it formed the banks. On crossing the river, now about
its medium height, we observed with surprise veins of white granite
passing through the syenitic granite, which forms its banks. The rock
containing these veins is much more susceptible of decomposition from
the hornblende which it contains than the veins of red and white gra-
nite, and the appearance produced was like a fretwork, when the
broad surface of the rock was exposed ; when an edge was left to the
action of the atmosphere it was in small diagonal ridges.

This formation appeared confined to a space of a few hundred yards
only on the right bank of the river.

Itis worthy of remark that this river, after we ecrossed it at Begum-
pett, takes a considerable turn to the N., and that its bed no longer con-
1ains calcedonies there found in it. The mud, however, is the same, and
appears to be that rising from the decomposition of the trap rock of
Tadmanoor and elsewhere. After passing some elevated minor granitic
hills we pitched our tents on the borders of a lake at the foot of the
station Suldapoorum.

Wednesday, 20th January 1819.—The mixture of granite and syenitic
granite extends to this place, as I observed masses of the syenitic: gra-
nite imbedded in the former near my door; it reminds me of the same
appearance at Teeperty, near Neelgondah. - As I have specimens, I
shall have an opportunity of comparing them.

Thursday, 215t January 1519.—About half way up the blocks of gra-
nite disappeared, and the paths presented the decomposing trap rock of
nearly the same nature with that of Tadmanoor hill ; its decomposition
forins the same rich soil as on that hill ; I found amongst it specimens
of a substance intermediate between heliotrope and hornstone. From
the top I counted thirty-three lakes, and should have counnted more
had the horizon been clear; the hill is not above two hundred feet
in height;’ my barometer fell +% inch. The neighbouring mountains

were slightly elevated above us, and their direction and form nearly
" that of the one we were on, N. and S., and round backed, with two or
three slightly conical and more elevated summits in the range ; in one
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instance a range of low hills appeared to cross diagonally, indeed the
direction of all was very indistinet and most commonly curvilinear.

Friday, 22nd Jenuary 1819.—For several miles alter quitting Sulda-
poorum, I passed through a beautiful forest of teak, mango, Ficus Indica,
tamarind, and other fine trees and shrubs mostly leguminous; the
soil was partly granite and partly decomposing greenstone, but where-
ever rocks were visible they were invariably granitic. Ata small village
situated on an immense divided mass of granite a trap vein (primitive
greenstone) erossed my road, running E. by 8.; another about two
miles further became visible, of larger dimensions, and was lost in the
jungle. In a short time we were surrounded by granitic rocks with the
same features which distinguish those of Hyderabad ; huge masses with
a concentric lamellar structure, loggan stones, tors, &e. but with a large
quantity of detritus at the feet.

In the alluvium at the foot of the pass to Chittial was found a large
breceia containing handsome specimens of anmlethyst quartz, accom-
panied by quartz, and cemented together by a siliceous sand, strongly
impregnated with iron.

Sunday, 24th January 1819.—1 gained the top of the hill after break-
fast, and on my way found a considerable quantity of earthy brown and
ved ironstone lying scattered in the ravines and in the spaces between
the granite rocks. I had no means of judging whether it formerly be-
longed to any formation such as the iron clay, but it certainly resembled
that found in it.

Monday, 25th January 1819.—The ranges of hills appear to run prinei-
pally N. and S. from to the east of north. As I descended I found a
substance resembling eale tuff, in quartz,in aravine lying on the surface,
and apparently bronght down by the rain from higher ground. 1 rode
to Maidurh and round the hill on which the fort is seated ; it resembles
very much that of Goeleondah; I passed a river running {rom west to
east, and some strange tors and loggan stones.

Tuesday, 26th January 1819.—The road lay this day through a tole-
rably rich country, whose soil wasof the black argillaceons kind arising
from the decomposition of the transition trap, although, on advancing,
without apparently changing our level, we met with the old granitic
sandy soil, which is that of Ringumpett; and in its neighbourhoad,
where our tents are pitched, is a large grained granite with very hand-
i bluish grey felspar. 1 forgot to observe that the forms of the
granitic rocks were more varied than I had yet seen them, forming
every description of loggan stone and tors that can be conceived.

Wednesday, 27th Januwary 1819.—The soil alternated from the black
cotton suil,_ as it is called, to the sandy granitie, and the only rocks we
saw in this extensive plain were granitic in small lumps and masses.
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As we approached the river Manjira they were profusely spread on its
banks and in the middle of its stream ; here and there in its bed we
observed small pieces of calcedony and cornelian. About three miles
from our station, Ringumpett, T observed a very small-grained reddish
granite, much used in the buildings of the village.

Our station was on the transition greenstone, differing in no respect
from that of Tandmanocor,—the same black thirsty soil covered with the
Poa cynosuroides (Kusa grass), also the Semicarpus anacardium and
Butea frondosa. Atalower part of the hill due east from the station [
observed in a stone, different from any other I had previously seen, several
turritulites and bivalves. The stone is of a bluish grey colour, alternat-
ing from that to a blackish grey, containing transparent spots of stalac-
titic silica; its fracture is for the most part conchoidal, even with sharp
edges itis hard, easily frangible, and specific gravity about 2:0. T have.
since found, in another part of the hill nearly due north from the station,
large nodules of corroded and vesicular flint, and masses of the former
stone passing into flint ; some of the masses were a foot and a half in
diameter. I also, in nearly the same direction from the station, at the
distance of half a mile, saw the transition trap laid bare ; it affected the
columnar form, and was everywhere split and divided, without any
appearance of stratification ; in some cases I found on the surface con-
centric layers rapidly decomposing, enabling me to remove two of its
coats.

Friday, 29th January 1819.—1I went this day to the southward and
westward, as I had previously been to the other quarters of the station.
The cultivation has evidently extended all over the hill, fully account-
ing for the smallness of the shrubs and trees on it; ravines proceed in
every direction from the top, forming in the rainy season large torrents,
supplying the Manjira with the mud which it then deposits on its
banks. In the lower grounds I saw wheat, cotton, ricinus, and linseed
in eultivation and in flourishing erops. We had scarcely arrived at the
bottom of the hill and about half a mile from the first village, when the
granite appeared in an abrupt part of the road ; near its first appearance
we found precisely the same mixture which I have twice before no-
ticed, viz. at the Manjira and Repurlah; near it was a bed of meerschanm.
The granite, with its customary attendants in the shape of loggan
stones and tors, soon succeeded, with here and there masses of green-
stone rolled and scattered without order. The jungle prevented me {rom
tracing their origin. In the evening I visited the fort, and saw at least
a radius of thirty miles of the surrounding country ; we were still in the
vast plain, but now more broken in upon and diversified with rocks of
granite. This is now redder, and contains veins of a still redder gra-
nite. Tt has also less of the appearance of concentric layers, and has a
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more stratified look. The fort is miserably dilapidated ; we were ad-
mitted without the least ceremony. The country appears destitute of
springs, and depends entirely on the rainy season and a few rivers for
its supply of water.

Sunday, 31st January 1819.—In the evening I observed in the banks
of a small nulla, dry in most parts, and containing only a muddy water
tasteless of any saline impregnation, an inerustation of carbonate of
potash, from and apparently by the decomposition of the felspar of the
alluvial* granite of which its sides were composed, acidified by the
atmosphere.

Monday, 1st February 1819.—A short mareh from Sauhrampett to
Bachapilly ; the granite continues to be red and of asmall grain ; about
half way a vein of greenstone passed theroad. After breakfast I ascend.-
ed the hill, which has a fine prospect in a southerly view bounded by a
range of hills running east and west ; their outline was rather different
from those I have been amongst for some time past; being more peaked ;
the Manjira, taking a N.W. direction, is in the plain between. The
mountain, or rather hill of Bachapilly is almost insulated, and may be
seen on all sides at several miles distance, although not 200 feet in height.
It consists almost entirely of granite in large irregular masses piled one
on the other without order.

Tuesday, 2nd February 1819.—I left Bachapilly this morning for the
river Manjira, its nearest approach being about four miles E.S.E. of
the hill. -The road lay through jungle, with heaps of granite atintervals
in hillocks, and irregularly strewed over the ground ; two miles from the
encampment the road was crossed by a primitive greenstone vein taking
its usual direction. On arriving at the river I found its banks and bed
lined and filled with granite ; on the right bank the black alluviam was
thirty feet above the level, and perfectly horizontal on the top : the bed
consisted of granitic sand, a few pieces of calcedony not very frequent,
and a few shells of the same species I had previously found on crossing
it first.

I should have observed that I saw magnetic iron sand mixed with
the mud on the bank of the river; also in a stream which emptied
itself into the river, a trace of the efflorescence of carbonate of potash.
Our encampment is not above the level of the banks of the river, there
being no difference in the barometer observed at each place.

Wednesday, 3rd February 1819.—The hills have no regular course or
ﬂ?‘ﬂ:liﬂﬂj one of the proofs of which is that the river runs in the midst
ol them.

Thursday, 4th February 1319.—I saw also near the village of Bacha-

* So in original, diluvial is probably intended. —Eps.
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pilly some singular veins of granite rising through a greenstone or
syenitic greenstone, very similar to what I had before observed on the
banks of the Manjira: the veins, having resisted decomposition much
better than the containing rock, remained projecting two feet in some
instances. It is remarkable that a shift of the veins had taken place:
the granite vein was sometimes white, sometimes red, like that at the
Manjira ; the course of what we could discern of this formation, which
lay in a field formerly in cultivation and over which the jungle
was spreading, was E. by S. Visited the Bears’ Rocks, a granitic
elevation of thirty feet, distant E. by S. from the station about 400
yards. Tts base consists of a large grain containing red felspar, white
compact ditto, and hornblende, forming altogether a beautiful stone ;
through this mass a vein of syenitic greenstone, differing in width from
three feet to a few inches, runs for about fifty feet; this is again crossed
by veins of a finer granite nearly resembling that higher up, which is in
large blocks apparently placed without order, but an eye accustomed
to these rocky elevations, almost peculiar to this country, discerns in
these masses the remains of a concentric coat of granite. The remains
of strata filled with these granitic veins are very common between.

Friday, 5th February 1819.—On our road through the plain the same
kind of granite to which we had been so long accustomed was frequently
seen in irregular masses. 'T'wo miles from Bachapilly we crossed a small
pulla running in the direction of the Manjira. Immediately before
entering Polelum a large deposit of quartz rock running E. and W,
about half a mile, resting on granite ; it was of the same description
as that at Jogypett. Our road then lay through a plain of black cotton
soil, when, after a tedious journey through a thick jungle, in which no-
thing was to be seen excepting masses ol granite, and now and then
lumps of greenstone, we began to ascend a hill composed of greenstone,
having the same characteristics as that of Tandmanoor, containing foli-
ated zeolite in abundance and calcedony lying loose in the ravines, and
on its surface high Kusa grass ( Poa cynosuroides ).

Sunday, Tth February 1819.—1 quitted the hill with Everest early to
go to Kowlass. We descended one of the ravines so common on these
hills and soon came to the usual kind of granite, but could not observe
the junction of the strata; we again began to ascend by a very long
road, until the junction between the trap and granite was very distinct,
and on looking around us each of the numerous elevations in sight ap-
peared covered with the same kind of trap resting on granite. It is
worthy to remark that many trees on the hill are destitute of leaves,
whereas in the valleys and ravines they appear to preserve them late
in the season. We now began to ascend the hill on which the fort of
Kowlass stands, in which there is nothing externally different from that
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of Medenkah Goleondah; the fort and basis of the hill are of granite,
both red large-grained, and grey small-grained ; on its northern side
and near the summit a very considerable vein of greenstone crosses
the path, ranning E.S.E. and W.N.W.; its northern or upper edge is
well defined and consists of greenstone porphyry, containing both
erystals of felspar and smoky quartz in the upper part of the vein, but
lower down the hill the stone is a coarse greenstone very subject to
decomposition, which takes place in a concentric manner and very similar
1o that of the hill of Boorgapilly, which is more secondary and contains
zeolites ; its lower edge is less well defined, and, instead of being bound
by the granite as on the other side, it is spread for several yards over
the granite, lying directly upon it: the breadth of the whole is from
about 40 to 50 feet ; its length we had it not in our power to ascertain.
After my return I visited the village of Boorgapilly, the environs of
which consist of a very rich soil formed by the decomposition of the
trap ; in which soil, where it has not been disturbed, the zeolite has
been re-crystallized in silvery plates.

Wednesday, 10th February 1819, —We crossed a nulla after descend-
ing the hill of Kowlass, running east to Manjira. We passed through
a large plain of the black cotton soil and arrived at Beechicondah,
through a pass of granite rocks in which were many loggan stones, and
angles were taken. I reduced the temperature of Fahrenheit from 85°
to 59°, at half past three o'clock p.a.  The hill or hills are composed of
red syenitic granite, very similar to that at Bachapilly, though of a
smaller grain. T had an opportunity of observing the communication
between this plain and the one which it follows. The whole is flooded
during the rainy season, and affords an easy explanation of the univer-
sal appearance of the black cotton soil, except in the neighbourhood of
those hills which are covered by granite alone.

We passed several little rivers on their way eastward to join the
Manjira. An explanation of the cause of the total absence of trap on
some of the hills must still be sought for.

Thursday, 11th February 1819.—Through the continnation of the
plain to which Beechicondah is the pass. For some distance granitic
sandy soil, when a river produced its usual accompaniment—the black
cotton soil of the trap. We passed Mudnoor, at the back of which,
1o the N.E,, the granite commences, surmounted by the trap. As we
crossed the fields and ascended the hills of Bhuktahpoor, calecedony with
green earth, ‘heliotrope, amygdaloid wacké, with zeolite, stilbite, and
carbonate of lime coloured areen, were found in great abundance, and
very fine specimens,

The western side of the hill on which we are encamped is composed
of the erystalline transition greenstone, butin the valleys and towards
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the eastern side it consists of wacké enclosing large specimensof foliat-
ed zeolite or stilbite with amygdaloidal pieces of green earth, which has
given its colour to carbonate of lime also contained in it. The wacké
is of a greenish grey colour, and is destitute of crystals of olivine or of
basaltic hornblende.

Friday, 12th February 1819.—1I visited a ravine about a mile due east
of the hill, in which the trap was much water-worn. In one part it
had very much the external appearance of the Rowley Rag Basalt de-
seribed in Thomson’s Annals, being semicolumnar. In another part it
consisted of nodular concentric masses, of which the external coats were
decomposed, leaving rings around alump of more compact nature unde-
composed, on others a number of concentric circles visible, of various
sizes, according to the quantity of the mass decomposed.

Our servants have brought in a number of very handsome specimens
of—

Waclké, contg. Foliated zeolite.

Ditto, .. Green earth.

Ditto, .. Green carbonate of lime.
Ditto, .. Nodular mesotype, heliotrope.
Ditto, with Green earth and calcedony.
Diitoe, .. Jasper ditto ditto.

Saturday, 13th February 1819.—The surrounding hills and acelivities
are of two descriptions. The lowest ave of granite, are rugged, consist-
ing of masses heaped one on the other, and of loggan stones. The
lower are generally east and west, level at their tops, with now and
then rounded summits terminating by rather an abrupt slope, and con-
taining valleys having the appearance of the embrasures of a fortification ;
I recollect seeing the above hills menticned by Colonel Mackenzie in
his Journal. The basis of all these hills is granite, reddish and of a
small grain.

Sunday, 14th February 1819.—List of minerals found on the hill and
in the neighbourhood of Bhuktahpoor, during a residence of four days

there :—

Basis of the hill, granite, of a reddish grey colour and small grain.

Granite. Green earth.
(ireenstone, earthy, contg. Calcedony.
Zeolite. Qnuartz.
foliated. Cacholong.
radiated. Striped agate.
Heliotrope. Wack¢, concentric.

Carbonate of lime. .« globular.



SECUNDERARBAD TO BEEDER. 57

Wacke, amorphous, Carbonate of lime.
cellular. Green earth.

Amygdaloid, contg. Brown ditto.

Zeolite. Calcedony.

Thursday, 1Sth February 1819.—We quitted Bhuktahpoor at four
o’clock this morning. I had employed the three preceding days in
visiting various parts of the neighbourhood. I found three streams of
water descending from the hill in different directions supplied by
infiltration : the temperature of one was 10° lower than that of the
atmosphere, which was 83°. The wacké was not very general, and
appeared only in beds of small extent, the general rock being an earthy
greenstone with no erystals of any description. I found in all the
sides of the streams the efflorescence of the carbonated alkali; and I
am at a loss to determine whether it proceeds from the soda of the
zeolite or the potash of the green earth. A dense precipitate was occa-
sioned in water from a spring in the neighbourhood of the camp by
alum in powder. I arrived at Daigloor a short time before sunrise;
about a mile distant I crossed a river, the bed of which was composed
of large blocks of red erystalline granite contained in a breccia com-
posed of limestone cementing quartz and red felspar; the sand of the
bed was similar to that of most other rivers that I have seen, taking
their rise from the trap hills and flowing through granite country, con-
sisting of the deébris of those two rocks, as well as calcedonies and land
shells of three sorts—bueccinum, helix, and pupilla; the right bank of the
river resembled exaetly that at Ramaleddypett, being lofty and com-
posed of the black cotton soil. I passed over other ranges of the trap of
low height, until our descent into the plain through which the Mubnar
passes, the right bank of which is also very steep.

At Adainoor the granite forms more than one-halfthe height of the hill,
and is covered at the top by a very compact greenstone, with crystals of
felspar, and a few cavities not filled with any substance. 'The course
of these trap hills was very distinctly scen from this pointdue E. and W.

Saturday, 20th February 1819*—I passed through the village of
Mengoor, near which, on the banks of a small nulla, the thermometer
sank to 47° just before sunrise: in its neighbourhood I also saw
a bed of lithomarge lying on the alluvium, which rested, as usual, on the
trap. The fields on my rightand left were full of gram and corn erops ;
nevertheless, I observed that a large quantity of land had been thrown
out of cultivation, The approach to the Godavery was over waving
land consisting entirely of trap and alluvium ; now and then beds of
amygdaloid, with green earth and wacké, were seen, and within a mile

g * Continued from page 212, loc. cit.
y -
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of the river small blocks of granite rising through the alluviam, so
rounded that I found it impossible to bring away specimens. My
visit to the rocks was first paid; I found them to consist of granite,
forming the banks and bed of the river; the former were about forty
feet high; of this height the granite occupied one-half, and the
remainder consisted of black cotton soil ; the river was shallow indeed.
I crossed its deepest part, and found it vary from two to four feet in
depth, its bed consisting of granitic sand mixed with a few calcedonies
and agates, and, on the borders, magnetic iron sand; I did not see
shells. In the crevices of the rocks I found some pieces of stilbite or
radiated zeolite. The height to which the river rose two years ago was
pointed out to me, it might be about thirty feet above its present level :
it had washed away the corner of a wall surrounding a handsome
pagoda built of black basalt : it must now, no doubt, have changed its
bed materially, since tradition places the pagoda, many years ago, far
from its banks, The temperature of the river at twelve o’clock was 749,
the same with the air. The basalt of which the pagoda is built is in
some parts of the building finely polished. It contains olivine. The,
granite much resembles that found near Bachapilly at the Bear's Rock.
It is porphyritic, containing large crystals of red felspar in a crystalline
cement composed of quartz, compact felspar, and mica. This is the
prevalent rock. A porphyritic greenstone lies near it, apparently in
beds, in which the crystalline felspar is compact and of a green colour
arising from green hornblende. I believe them to be the same with
those of the Bear’s Rock at Bachapilly. The distance from Thevalinga-
pett hill is twelve miles, and the sole rock is the trap, sometimes basallic,
cometimes wacké on the elevations, and in the plains black cotton soil.

Monday, 22nd February 1819.—O0On quitting this place the thermo-
meter stood at 47°, and the temperature of water at hall-past five o’clock
a.M. was 43° ; a march of seven miles brought us to Monegal,—nothing
but trap, of which I am heartily tired.

Tuesday, 23rd February 1819.—The formations in this part of India
differ materially from those of Europe ; no chalk, no intermediate rocks
between the trap and granite. The whole field of view, probably, an
extent of twenty miles. The ravines of the formation are much deeper
than usual.

Sunday, 27th February 1819.—Large beds of wacké began now to
appear, generally lower, or at the bottom of the more elevated trap hills.
On arriving near, a temple with a basaltic column, similar to one I had

seen on the banks of the Godavery, struck me, and I made an attempt
to draw it.

Monday, 28th February 1819.—The river-bed differed very little from
that of the Mulinar. I followed it until I came to the same or a similar
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appearance, which had before struck me ; large masses of red granite,
imbedded in a coarse cement of limestone, containing erystals of felspar
quartz, &ec. I drew a sketch of the banks, which bore a great resem-
blance to those of the Mulinar and Manjira. We arrived at Buhtalipoor.
In the evening I visited the formation of wacké, to ascertain a fact
mentioned in Thomson’s Annals confirmed. It was not calcedony in
wacké.

Tuesday, 1st March 1819.—The configuration of the hills was very
striking, with the same form I have before noticed, {ewer peaks, and
lying at right angles to each other in many instances. Once or twice
I observed a complete quadrangle, all but one side, the opening being
towards the plain.

Wednesday, 2nd March 1319.—A rugged road, from the frequent
ascent and descent of the trap hills. On one of them I observed a vein
of quartzose rock passing into flint running E. and W. I crossed the
Scinde ; the bed consisting entirely of black trap or basalt, very com-
pact. At Dapky I lowered the temperature of Fahrenbeit from 92° to

62° at sunset. I noticed a bed of lithomarge on my road.

" Thursday, 3rd March1819.—The hill on which the flag is fixed, about
four miles and a half from Oudeghir, is covered with calcedony amor-
phous cellular with impressed crystals, and striped mammillary onyx,
some imbedded in the cavities of the basalt; amongst them I found
one piece of green amorphous calcedony. Five hundred yards from the
tent I saw, on the side of a hill exposed by a slip, imperfect columns,
of basalt resembling precisely the description in Thomson’s Annals,—
the Rowley Rag basalt. Oudeghir (the fort) stands on one of the flat
hills so frequently mentioned, surrounded on every side by the semi-
columnar basalt.

Friday, 4th March 1819.—1 rode through the town of Oudeghir, which
is entirely built of basalt. It is the largest native town I have seen,
some of the streets wide and the houses neat. My sketch of the
hills to the northward of the fort, when seated on a neighbouring hill
on a level with it, is the best I could take; it ill represents the singular
rise, one above the other, of the basalt, the hills representing to the eye
an appearance of distinet strata, which reminds me of the Isle of
France ; beds of carbonate of lime are very frequent. I noticed on my
way some columnar basalt in a large deposit to the left of the town.

Saturday, 5th March 1819.—In the evening I rode to the right of the
town, and came to something very much resembling the iron clay, not
very dissimilar to that of the Cape of Good Hope.

Sunday, 6th March 1819.—In the evening I rode to the basalt; I
_fDllnd one column, of eight sides, more than a metre in diameter; the
dnterstices were filled with green earth, and sometimes with the globu-



60 EXTRACT FROM DR. VOYSEY'S JOURNAL.

lar wacké.  In some of the columns I noticed depressions and clevations
for the reception of a corresponding piece, as in the Giant’s Causeway
and Staffa. To the westward and southward all the hills have the
same appearance, and I have no doubt that they are the same formation.

Monday, 7th March 1819.—1 wandered over some hills to the left of
Oudeghir, where I found trap tuff, wacké, and carbonate of lime
(tuffaceous) in abundance, containing crystals of zeolite, apparently of
fresh formation. At the bottom semi-columnar basalt, very black and of
great specific gravity. On the right of the town there are very exten-
sive ruins of houses and other buildings. 'The stream which struggles
through the valley is fed by the infiltration from the hills. We passed,
on our road to Doongong, over many pavements of basalt, some of them
semi-columnar, with the interstices filled up by a secondary formation
or ingestion of basalt; we saw also two remarkable elevations nearly
north and south. In the neighbourhood of Doongong, vast quantities of
wacké and basalt and trap tuff, alternating frequently and without
order.

Wednesday, 9th March 1819.—The land is waving as usual, with a
few abrupt acclivities from two to three hundred feet in height. The
trap appears less subject to decomposition, having a very thin coat of
soil, and in many parts it was found impossible to drive in the tent-
pegs.

Thursday, 17th March 1819.—1I found on the road the basaltic trap
as usual, and in the neighbourhood of a ruined building some of the iron
clay in lumps, apparently brought from some distance.

Saturday, 19th March 1819.—Reached Dammergidda at sunrise, and
proceeded to the Manjira, which I crossed, and encamped at Chillelah,
in sight of Beeder, distant about five coss, seated on a hill. The lelt
bank is of the black alluvium, about filteen or twenty feet high, some-
times muech less; the right bank rises to upwards of sixty feet in height,
forming a hill of considerable size, on which Chillelah is seated ; the
bank is composed of large masses of an earthy and crystalline brown
limestone, very much water-worn, and containing large cavities, which
appear to have been formerly filled by pieces of waecké, in some places
containing large masses of flint, and in others forming a compound
rock, being a cement to a rocky compound of wacké basalt, clay, and
flint. Near the upper part it has the appearance of regular stratifica-
tion, and on its top wacké, easily decomposable, is spread over it. 1
have yet to observe it more closely. The carbonate of lime contains a
small portion of alluvium. 2

Sunday, 20th March 1819.—1 bathed twice, and collected on the bank
of the river a large quantity of the iron sand, which I suppose to contain
iron ore, very little of it being taken up by the magnet. 1 also found
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very fine clay. I took a ride in the evening and a skelch of the hills
near Beeder.

Monday, 215t March 1819.—I took a more accurate survey of the
banks of the Manjira in the neighbourhood of Chillerjee. The confu-
sion or mixture of the two rocks is much greater than I at first imagin-
ed. I noticed, close to the present level of the river, a rock of compact
basalt, which, at the distance of three or four feet, becomes wacké,
passing into the admixture of carbonate of lime and lumps of wacké,
and that again into the porous limestone containing clay and green
earth, presenling externally large cavities ont of which those substances
have been washed ; above the limestone is a brownish wacké on which
the town is built; the height of the whole is about forty or fifty feet: the
banks below and above were composed of the black alluvium, but I
was told the limestone was found in considerable quantity both above
and below. The height of the river was rather distinctly marked,
during the rainy season, by the impression it had made on the founda-
tions of a mosque built on its bank.

Tuesday, 22nd March 1819.—A short distance from the hill on which
Beeder stands the soil gradually changes from black to a reddish tinge,
from the decomposition of the iron clay of the range, of which and on
which Beeder is built. This is the greatest elevation of the iron clay
that I have seen in India, the barometer indicating 2,000 feet above the
level of the sea. In some places, particularly in those excavations near
the fort, it resembles very much the iron clay of Nellore, containing in
its vesicles lithomarge, and the wells are generally very deep, one mea-
sured forty cubits ; the temperature of the water was 78°. The iron
clay contains lithomarge as usunal, and it approaches a plumb-blue colour.
I ascended the tower on which the flag was, and could not avoid no-
ticing the flatness of the isolated mountains which had before struck
me in so many instances,

Wednesday, 23rd March 1819.—I noticed greenstone, granite, and
basalt in different parts of the building, which was chiefly composed of
the iron clay and bricks.

Friday, 25th March 1819.—1 rode this morning down the hill into the
plain to the northward; the iron clay presented in no instance an
appearance of stratification, but I noticed in several instances a gradual
transition from it into wacké and thence into basalt, of which there are
numerons little elevations in the neighbourhood. I noticed also litho-
marge in considerable quantities, both in beds and in the rock itself. I
re-ascended to the southward, finding the iron clay vary in form, and in
some instances degenerating into an ochery soft clay. It must be
observed that the iron clay itsell is very soft when first guarried, and
becomes induraled on exposure to the air.  "T'o the south-east a curious
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sight presented itself in the form and disposition of the hills, of whieh
I made a sketeh taken in a different direction; the flattened summits
were here most distinetly seen with the bevelments of the usnal angle ;
around these were several small conical summits entirely isolated ;
some, on the contrary, were of a flattened rounded form, intermixed,
consisting evidently of basalt.

Saturday, 26th March 1819.—I recommenced my observations on the
hill of Beeder, and this morning rode to the north-westward. I every-
where saw the basalt at the foot of the hill passing into wacké and iron
clay; in one place the transition did not occupy more than three feet, and
was very distinct. This easily explains the depth of the wells in the fort
and the tower j the very porous iron clay being unable to hold the water,
it drips through, until it meets with the basalt. It is proper here to ob-
serve that in most instances the vesicles or pores of the rock had the ap-
pearance ol long hollow tubes, always vertical. The basalt was not con-
fined to the valley, but was found in a considerable number of elevations
of all forms, around. I observed on the western side several springs just
above the level of the basalt. The singular improvidence and want of
foresight in the builders of the fort was very evident in several places:
finding the rock so very soft and easily worked, they excavated or rather
cut it down even with the wall; it has subsequently mouldered, and
the wall has been precipitated with it. The high land, projecting into
the valley or plain through which the Manjira runs, like a number of
buttresses, resembling very much that at Sudghir, is seen to the west-
ward ; to the verge of the horizon to the eastward the hills have a more
abrapt and irregular character. The magnetic needle did not appear
to be affected by the iron clay rocks. I visited a manufactory of Beeder
buttons : the basis pewter; the design, whether of flowers or other pat-
tern, is chiselled out of the black ground by an instrument fitted for
the purpose, a paper is pressed strongly over it, which takes the sharp
edges of the design, and this paper is placed on a thin sheet of silver*
for the purpose of cutting it into the requisite forms; these are then
inlaid, and the edges of the pewter pressed down, so as to enclose the
cilver completely.

Sunday, 27th March 1819.—Temperature of two springs on the N.W,
side of Beeder 76°, of neighbouring water 73°. I again examined the
passage of the basalt into the iron clay. In some places the passage
from the almost columnar basalt into nodnlar, and then into the iron
clay, is very distinct; on the other hand, in other places the basalt
appears to pass under it, and in some instances forms a causeway in the
path, at the side of which rises the iron clay.

* Copper and silver ncarly equal parts.
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Monday, 28th March 1819.—I ascended the minaret and had a fine
view" of the country : the whole to the southward, castward, and west-
ward had the appearance of a vast elevated plain; to the north it termi-
nates in the projecting buttresses of iron clay into the valley through
which the Mayna runs, and which is ten miles in breadth.

Tuesday, 29th March 1819.—From Beeder we began immediately to
descend to that ground which appeared from the minaret to be an exten-
sive plain, consisting of numerous elevations and depressions, or a
collection of several plains intersected by deep ravines. The whole
consisted of iron clay, but on our road to Shelapilly four zones of the
black cotton soil intersected our path, running due north and south ; the
difference was strongly marked. 'T'he iron clay soil was almost inca-
pable of cultivation, and the other presenling its usunal appearance of
fertility. We are at present encamped on one ol these zones, having a
direction nearly north and south : at the foot of a conical elevation of forty
feet, composed entirely of earth from the top, the iron elay is seen on
each side at the distance of a quarter of a furlong. Query, is this hill
the focus whenece this muddy eruption has issued ? One more is visible
in the plain about two miles distant. The earth at the depth of
two or three feet is sufficiently moist to allow it to be made into a ball
with the hands., Temperature 5° below the atmosphere.

Wednesday, 30th March 1819.—1I visited the small hill T have beflore
mentioned, and found reason to suppose it artificial. The black soil
was in some places intermixed with the trap clay, and in others was in
indistinet zones, all with N. or N. by W. direction.

Thursday, 31st March 1819.—We descended from the iron clay dur-
ing the night, and in the morning found ourselves on the black soil in
a level plain. I found considerable guantities of carbonate of lime in-
termixed with the wacké, which is here found in the same nodular
masses with a hard kernel which I have before noticed at Bhuktahpoor.
The soil contained a large quantity of carbonate of lime, effervescing
considerably with acids,

Friday, 1st April 1819.—I crossed three nullas on my road to Seda-
shewpett, during a journey in the dark, all running eastward, along a
ridge of gently undulating and sightly elevated land, as seen to the
eastward as day broke, apparently a continuation of the Tadmanoor
range, and taking the same direction. At daybreak I fell in with large
masses of granite lying in the black soil, and in a ravine saw plainly
that it formed the substratum covered with the cotton =oil, ullhuugh not
in all parts, the soil being granite in the highest part. To the west-
ward are seen the flat tops of the trap hills and the peculiar abrupt
termination of the iron clay of Beeder. The soil in which we are is
nearly all granitic. The intolerable heat of the day has prevented my
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excursions for some time past. The valley in which we are is hotter
than at Hyderabad. . |

Monday, 12th April 1819.—I traced the trap veins into the granite
and farther east than I could follow it; it is precisely similar to thatof
Goleondah, Suldapooram, &e. I nowhere observed it in contact and
passing into the granite. It extends as far as the eye can reach in an
easterly direction, sometimes forming considerable elevations, and at
others, sinking beneath the surface, is scarcely visible.

Thursday, 22nd April 1819.—Twenty-six grains of the green carbo-
nate of lime were dissolved in nitric acid ; result to be hereafter men-
tioned. About three miles to the N. W. of the cantonment I observed
a long deposit of quartz rock. The whole of the above green lime was
dissolved except 3} grains of green earth, which remained behind on the
filter.

Thursday, 29th April 1819.—Specific gravity of caleedonic agate
from the Godavery, 260.

64h May.—Specific gravity of Tadmanoor basalt, 2-216.

11th May.—Specific gravity of flint from Medcondabh, 2:63.

13th May.—Epidote from Multapoor.

SIL gr. .............................. e rq-;-a-alﬂ-
13{h May.—Green hornblende from the Carnatic.
SP. gr. ................. EE e L . ---|||r||¢3'243-

30¢h May 1519.—Here commences my expedition with Everest during
the rainy season.

4th June 1819.—To the left of the road before reaching Hyderabad I
observed a deposition or bed of quartz rock which T ascended, but was
nol able to discern its termination on either side, its direction was due
north and south. The granite in the bed of the river Mussy was
reddish, inclining to grey. The evening closed too soon on me to allow
of any observations before reaching the camp.

5ih June 1819.—1 arose with the sun, and ascended the hill, which
rises about 100 feet above our encampment. I observed a vein of the
greenstone precisely resembling that of Golecondah and Secunderabad,
‘13 direction E. and W. as usual. The granite is of a greyish colour,
containing large erystallized masses of felspar of a similar colour to
that observed at Ardinghy.

I no longer observe loggan stones; the granite is more compact and
less liable to decomposition. About a mile from the station, in a
westerly direction, I observed a long vein or deposition of quartz rock
ranning north and south, probably a continuation ol that observed
yesterday ; also on the ground numerous small concretions of car-
bonate of lime.

Gth June 1819.—1 quitted the camp early for Chitterghat. The
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granite was generally of the reddish grey colour, with loggan stones,
but fewer than I have observed in other parts.

7th June 1819.—We arrived at Ballapooram, distant eight miles from
our last station : the vein of greenstone was observed to our right running
nearly east and west. At one period it crossed our path and we lost
sight of it; soon after, at this place, we had heavy rain during four honrs.

8th June 1819.—We passed through Hyattnuggur, and saw a trap
vein to the right of our road, which accompanied us for a considerable
distance ; it re-appeared at Seringhur, on the side of a granite hill.

gth June 1819.—The granite between Seringhur and Mulkapoor we
found to be at times very red and close-grained. 'The trap vein was
frequently in our path, but very much decomposed, and by an inex-
perienced eye would not have been distinguished from the granite.
At Mulkapoor it assumed its usual character.

This place is situated at the northern extremity of a valley about five
miles in length by one and a hall in breadth ; the hills rise on each side
to the height of nearly 600 feet; they are of granite, which for the most
part is of a grey cclour, containing large crystals of bluish grey felspar.
The large trap vein crosses this valley, which is nearly north and south,
and disappears on the eastern side amongst the rocks. It is here of
large dimensions, and appears to contain large pieces of epidote, as I
found large pieces of that mineral at its foot.

10th June 1819.—1I was one hour going to the top of the hill, where a
flag was fixed. I found the granite much whiter than that below, which
contains hornblende and compact felspar. '

The view was very much bounded by the mist. I observed a few
loggan stones, and the same irregular appearance of the rocks as in the
neighbourhood of Hyderabad. The barometer stood at ten o'clock at
20° 4', thermometer 84° ; below the hill at 70° &, thermometer 80°. In
the evening I visited the trap vein. I found a considerable quantity of
epidote, also a few pieces of amethyst quartz; the vein runs due E. and
W. I was afraid to trace it on account of the tigers,

17th June 1819.—1I saw several veins of the trap running in a differ-
ent direction from that usual to them; they appeared, however, to be
continuations of that large one which I observed at Mulkapoor.

18th June 1819.—On the road I observed several trap veins and de-
posits on the mountains, but was not able fo inspect them more closely
on account of the jungle. At this place two veins were observed,
the one due E. and W., coming from a considerable distance, and a
small one, on which was a pagoda, nearly at right angles to it, of small
extent.

19th June 1819.—1I reached Secunderabad this morning.

g
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Notes, chiefly Geological, across the Peninsula from Masulipatam to
Goa, comprising Remarks on the Origin of the Regur* and Late-
rite ; occurrence of Manganese Veins in the latter ; and on
certain traces of Aqueous Denudation on the Surface of Southern
India. By Captain Newsovp, F.R.S., Assistant Commissioner,
Kurnool.f

MasvLipaTan stands on the sea coast in nearly 16° N. lat., and about
twenty-eight miles N. from the principal northerly embouchure of the
Kistnah.

The adjacent country is the flattish maritime plain which, according
to Benza, extends between the mouths of the Godavery and the Kistnah.

The alluvial sands that cover the surface rest on a bluish black tertiary
or post-pliocene clay, resembling regur, imbedding terrestrial marine
shells of existing species, and apparently identical with the black clay
beds underlying the cities of Madras and Pondicherry, and other places
on the Coromandel Coast. In many places the overlying sand is aggre-
gated into a loose sandstone of a nodular form, and often perforated with
sinuous and straight cavities, the work of pholades. The structure of
this sandstone, which contains fragments of recent shells, is here con-
cretionary. The cementing matter is clay and carbonate of lime, with a
little oxide of iron. The sand continues to cover the plain to the distance
of fifteen or sixteen miles inland, partially underlaid by these beds of
black clay, to within some miles of Bezwarah, when the gneiss is first
seen to outerop from these recent strata.

The plain of Masulipatam, it is quite clear, once formed the bottom
of a lagoon, or marine lake, and was elevated and dried up probably
in the post-pliocene period. The channel of the Kistnah, which it is
likely supplied much of the fresh water, appears to have suffered a
southerly deflection from the elevatory forces and consequent alteration
of surface.

AtBezwarah the gneiss rises into a ridge 600 feet high, running N.E.
and S.W., its dip confused and contorted. Through a gorge in this ridge,
at right angles with its direction, runs the Kistnah. No evidence could
be discovered of the Kistnah's having cut the channel through the

* Regur, the black, tenacious, but usually fertile soils of Central and Southern India are
known by this name.—Ebps.
+ Reprinted from the Journal of the Asiatic Society of Bengal, vol. xii. p. 984,
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ridge : it appears to have been originally formed, like the transverse
river courses, through the chalk escarpments of the Weald, by the eleva-
tory forces that raised the strata to their present position. The features
of the original fissure have doubtless been modified by the abrading
power of the river, which, when swelled by the freshes, entirely fills the
gap, about a mile in width, its sides rising rather precipitously from the
river's banks.

Beyond this ridge, which is of no great length, the surface of the
country appears flat as before, and the rise from the coasts searcely
perceptible. With regard to the theory of the tract between Bezwarah
and Condapilly having once formed the bed of an extensive lake, my
friend Mr. Malecolmson has justly observed, that “a careful survey of
the hills from the summit shows that they are short insulated ranges,
such as are found over the Circars and other tracts rising from a level
country; and that, had a lake existed in the plain above, every slight
rise of the river would have carried its waters round their shoulders to
the north and south.” :

The gneiss composing the ridge of Bezwarah is garnitiferous. Cleave-
landite often replaces the common felspar, and renders the gneiss
liable to decay. It contains large veins of quartz, and is intersected by
greenstone dikes, the presence of which may serve to account for the
distortion observable in its strata. .

A little to the N.E. of Bezwarah are the diamond mines of Malla-
velly, where the gneiss is in some places covered by a conglomerate
sandstone, resembling the diamond conglomerate of Banganpilly and
Kurnool, and of which it appears here as an outlying patch. The dia-
monds are, however, dug for in a bed of gravel composed chiefly of
rolled pebbles of guartz, sandstone, chert, ferrnginous jasper, conglome-
rate sandstone, and kunkur, lying under a stratum of dark mould about
a foot thick. Dr. Benza traced the conglomerate sandstone hence by
Ellore and Rajahmundry to Samulcotah.

From Bezwarah by Condapilly to the vicinity of the Warapilly ghit,
the hypogene schists, chiefly agneiss and granite, oceur. East of Wara-
pilly these rocks are covered by the northern termination of the Cudda-
pah limestone beds. The diamond sandstone associated with this
limestone stretches still further north, as already mentioned, by the dia-
mond pit of Mallavelly to Samulcotah.

A little north of Warapilly, granite and the hypogene rocks continue
to Hyderabad, and forty-eight miles to the N.W. of that city to the vil-
lage of I"*'[Wnﬂpill}r, on the Beeder, where they are covered by the great
overlying trap formation.

. Most of the rocks about Hyderabad are of granite ; that of Moeb Ally
is of the laminar variety, often approximating to gneiss, The rock on
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which stands the eelebrated fortress of Goleondah rises in the eentre of
the valley of the Moossi,aboutsix or seven miles westerly from Hyderabad,
and is composed of a granite with reddish felspar, translucent quariz,
with dull dark-green mieca, and a few ecrystals of hornblende. Of this
granite, which resembles that of Syene, the domes and outer walls of
the Mausolea of the old Goleondah kings are built. Through this royal
cemetery runs a dike of a dark erystalline greenstone, nearly E. and W,
which is probably identical, from its direction, with a dike observed six
miles west of this, between the British residency and the great tank of
Hussain Saugur. The rocks of the dike bear evident marks of the
chisel, and, no doubt, furnished material for the sepulchres of the
Golcondah kings, which are constructed of thisor an exactly similar
greenstone exquisitely polished.

From Goleondah the road towards Beeder lies, for the first few miles,
over the low granitie ridges which form the northern side of the valley
of the Moossi, to Lingumpilly, near which the ridge gently sinks into
an undulating plain. Between this village and that of Puttuncherroo,
which is sitnate about eighteen miles W. by N. from Hyderabad, the face
of the country has a gentle N.W. declination towards the bed of the
Manjira. Granitic rocks constitute its basis as far as Cammumpilly,
about fifty miles W.N.W. from Hyderabad. The granite is both of the
small-grained, red felspathic variety, and large-grained. Both varieties
are met with at Kundi and Moonopilly, forty-eight miles from Hyderabad.
The small-grained is seen to penetrate the other in sinuous veins.
There is also a third variety, fine-grained, containing mnch quartz and
imbedded nests of a dark steel-coloured miea. Veinsof reddish felspar,
with actinolite and a little quartz, also are seen. Both granite and
gneiss, and the veins by which they are intersected, are penetrated by
dikes of basaltic greenstone; the largest dikes observed were east of
Puttuncherroo, a little west of Lingumpilly and Mootinghi ; also at
Sedashipett and Yernanpilly. The Mootinghi dike runs nearly N. and
S., the rest preserve an easterly and westerly direction. The felspar of
the granite and gneiss, near the line of contact, is deprived of its lustre
and translucency, and becomes opaque and white like poreelain; the
mica either almost disappears, or shrinks and beecomes hard, compaet, and
of a ferruginous aspeect, while the rock ¢n masse acquires a tendeney to
split into rhomboids. Near the line ol eontaet with the overlying trap,
a reddish felspathie zone is observed similar to that deseribed as occur-
ring on the trap and granite boundaries at Gurdinny in the Southern
Mahratta Country, south of Bejapore, which passes into pegmatite soil.
The soil from Hyderabad and Goleondah to Puttuncherroo is generally
the light reddish sandy detritus washed down from the granite heights
in the vicinity, occasionally mingled with nodules of a ferruginous clay
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resembling the débris of laterite. A little to the N. and W. of Puttun-
cherroo the granitic soil thins out and disappears, leaving exposed the
sheet of regur that underlies it, and which oceurs first at intervals,
but afterwards as an almost continuous sheet from Moonopilly to Beeder.
Between Puttuncherroo and Moonopilly the strips of granite alluvium

with which it is alternated appear to have resulted from the decay of
salbandzs and bosses of granite, which formerly outeropped from the
bed of the regur, but have since crumbled down by a process of wea-
thering, which I have described elsewhere ; and, being washed by the
rains, have covered the surrounding soil with a sandy detritus, thus
(see Plate I. Diagram, fig. 3) :—

A. Undecomposed granite.

BBB. Decomposed granite, forming an alluvial surface soil.
CC. Regur.

Near Sedashipett a stratam of kunkur intervenes between the regur
and the granite. The surface of the regur, where it overlies the trap from
Moonopilly to Beeder, is often intermixed with the detritus of the out-
cropping trap and laterite rocks associated. The soil resulting from the
disintegration of the former is easily distingnishable from the regur by
its much lighter and reddish tinge, arising from the peroxidation of the
protoxide of iron it contains. The detritus of the darkest portions of
the trap, even hefore peroxidation takes place, have a greyish or green-
ish-brown hue, totally dissimilar to the regur.

Boundary of the great overlying trap formation of the Deccan.—A
little to the W. of Moonopilly, rounded and angular fragments of the
trap of the overlying formation are seen lying on and partially imbed-
ded in the regur, with seattered, rugged, scabrous blocks of a compact
eream and buff-coloured limestone passing into chert. The latter con-
tained a cast of a small fresh-water shell resembling a Physa.

Ascending the gentle slope beyond the village of Cummumpilly the
overlying trap was first seen in silu in a section afforded by the steep
bank of a nulla. The trap is petrographically identical with that of
Bejapore. The structure is at once sheeted like that of modern lavas,
imperfectly columnar and globular. The globular trap disintegrates by
a process of concentric exfoliation. The concentric coals weather into
a brown speckled, friable wacké, which, falling off and washed away
by the rain, leaves the hard spheroidal nuclei of basalt secattered on
the surface,—frequently in such numbers as to present the appearance
of having been showered down by some volcano. These spheroids
vary in size from a pigeon’s egg to a 1G-inch shell.

Recent conglomerate.—A few miles to the south of Sedashipett, a low
flat-topped range of hills is seen, which, from the calcedonies, jasper, and
fragments of trap brought down by the nulla, are probably of trap.
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These transported pebbles have been formed into a solid bed cemented
together by lime, and form clifis from three to ten feet in thickness on
the nulla bank. Small rounded fragments of laterite are also included
in this recent conglomerate, which is also seen in the beds of other
rivalets between Moonopilly and Beeder. These conglomerates rarely
extend more than twenty or thirty yards from the present channels of
the streams, and generally not above several feet. The lime contained
in the water of the stream and its tributary springs has evidently assisted
in the consolidation.

About four or five miles S.W. from Moonopilly the low range of hills
there seen was found to be of trap; the highest peak capped by a late-
ritic rock resembling that of Hor Muth south of Bejapore, deseribed pp.
6 and 7, No. 2 Geological Notes. This laterite, near its junction with
the trap, passes into a bed of erimson-spotted, lithomargic earth, resem-,
bling that of the Neilgherries, and is slightly impregnated with calcare-
ous matter. T'he trap occupies the lowest situations, and constitutes
the basis of the plain to Beeder, where it is overlain by an extensive
bed of laterite 200 feet thick.

Laterite Bed of Beeder.—The laterite bed of Beeder commences about
sixteen miles E.S.E. from that city: it is first seen resting on the trap
in a bed about 100 feet thick, forming a hill, shaped like a truncated
cone, about two miles S.W. from the village of Sungum. Thence it
continues capping the trap with little interruption, and forming the
surface rock of the level and extensive tract of table-land on which the
city of Beeder stands. The laterite bed terminates to the west about
twelve miles W.N.W. from Beeder, descending to the plain by a short
but steep declivity, and at its basis the trap is again seen. It is about
twenty-eight miles in extent from E.S.E. to W.N.W., and about twenty-
two miles from W.S.W. to E.N.E. Its average thickness is about
100 feet, and maximum 200 feet; it rises from the trap of the plain in
abrupt and sometimes precipitous aceclivities. The eliffs supporting this
table-land of laterite on the northern and eastern sides are from 100 to
200 feet high, but much lower and less abrupt on the west side, where
the general level of the country appears torise. The general direction
of the cliff line, marking the termination of the bed near Beeder, is E.
by 8., but the outline is irregular, the cliffs forming salient and re-en-
tering angles.

The plain on the summit is almost one monotonous level, and less
broken by nullas than is generally the case on table-lands. This
appears in part owing to the rain water being mostly drained off through
the porous structure of the rock before it has time to collect.

The height of this table-land above the sea, as barometrically taken
by Voysey, is 2,359 feet, abont 200 feet lower than the indications afforded
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me by means of the boiling-point of water. Sheets of bare laterite
impart a barren appearance to portions of its surface. The soil resulting
from the disintegration of the laterite is brown or reddish, gravelly or
pulverulent, according to the varying petrographical structure of the
parts of the rock of which it is composed. The soil formed from the
dark and siliceous varieties is usually sterile, but that from the softer
and more argillaceous varieties is carefully cultivated, producing abun-
dant mungari, or early crops. The yellow juare and bajra grown on it
are said by natives to be sweeter than those produced by any other
soils. It seems probable that among other causes of the sterility for
which lateritic soils have been abused may be ranked that of the porous
character of the laterite when it forms the substratum which earries off
the water, particularly from the loose siliceous varieties of the soil, be-
fore it has had timeto fertilize the surface. In the more clayey kinds
of the soil the water is longer retained. In the immediate vicinity of
Beeder the soil does not lie thick, and ‘the trees have a stunted appear-
ance, particularly the mango trees that shade most of the Mausolea and
tombs in the precincts. Wherever there is a sufficient depth of soil and
capability of retention of moisture its chemical nature is certainly
not against arboreous vegetation, as the picturesque banyan tree in
front of the cavern spring in the Farabagh can testify. On the summit
of the table-land a few narrow belts of the regur occur outeropping
from the alluviam. Voysey counted four well-defined zones of the
cotton soil on this elevated insulation, between Beeder and Shelapilly,
running N. and 8, and lying between ridges of laterite, termed by
him “iron clay.” The fact of its being thus found on the tops of
hills, and covering the bottoms of valleys and plains, at a distance from
any river's course and out of the reach of present inundations, militates
strongly against the theory of the regur being a fluviatile deposit, as
thought by some. :

The principal wild shrubs growing in the lateritic soil on the surface
are the Pulas, the Kutlungi, or Chungu Cheltu ; the Cassia auriculata,
the Anana squamosa, Asclepias giganlea, the Bair (Zizyphus Jujuba ),
the Acacia, the Cara thorn, and the small-leafed Burratiri.

Petrographical character of the Beeder Laterite.

The laterite of Beeder, generally speaking, is a purplish or brick-red,
porous rock, passing into liver-brown, perforated by numerous sinuous
and tortuous tubular cavities, either empty, filled, or partially filled, with
a grayish white clay, passing into an ochreous, reddish and yellowish
brown dust ; or with a lilac-tinted lithomargic earth. The sides of the
cavities are usually ferruginous, and often of a deep brown or chocolate
colour : though generall y not more than a line or two in thickness, their
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laminar structure may frequently be distinguished by the naked eye,
Before the blow-pipe it melts into a black clay attracted by the magnet,
but is rarely so ferruginous as to entitle it to the character of an ore of
iron, thongh some of the nodules are picked out and smelted by the
natives. 'The interior of the cavities has usually a smooth polished su-
perficies, but sometimes mammillary, and stalactiform on a minute
scale. The hardest varieties of the rock are the darkest coloured and
most ferruginous, The surface masses of the softer kinds present:a
variegated appearance. The clay and lithomarge exhibit lively coloured
patches of yellow, lilag, and white, intersected by a network of red, pur-
ple, or brown. The softness of this rock is such that it may be cut
with a spade,—hardening by exposure to the sun and air, like the laterite
of Malabar. The surface of the harder or more ferruginous varieties
is usually barren, flat like a pavement, and often presents a glazed or
semi-vitriied appearance. The débris of this rock, washed from its
surface by the rains, is often sten accumulating in low situations, and
reconsolidating into a nodular conglomerate; when the fragments of the
laterite have been much rolled they assimilate externally to pisiform
iron ore, but have neither its specific gravity, internal concentric stroe-
ture, nor distinguishing lustre. The felspathic cement agglutinating
these nodules is often of a deep brown colour, passing into various
lighter shades according to the guantity of iron it contains, and is
evidently composed of the more powdery parts of the parent rock.
This alluvial laterite is seen in all lateritic areas in the south of India,
and is as easily to be distinguished by its nodular and pisiform charac-
ter, its position and the thinness of its beds, from the true laterite, as the
reconsolidated débris of quartz, mica, and felspar is from the true
granite rocks ; at the basis of which it is often seen in India to accu-
mulate in beds of some thickness and tenacity. In tracts where kunkur
and limestone prevail, as near Bejapore and Bangwari, the lime often
enters into the cement of this lateritie alluvial cang]'umerate.

Sections of the Laterite presented by the cliffs and wells of Beeder.

In the sections afforded by the faces of the cliffs and deep wells of
Beeder the laterite sometimes presents a homogeneous cellular structure
from summit to base. Generally speaking, however, it becomes softer
and more sectile as it descends; and the cavities in the lower portions
are better filled than those higher up. This may be attributed in some
measure to the action of the rain, which, falling on the surface, perco-
lates through the cavities of the upper portions of the rock, carrying
downwards much of the ochreous and lithomargic earths they contain,
untii at length the cavities of the lower parts of the rock become so full
that they form an impervious bed, where the water colleets in hollows



MASULIPATAM TO GOA. 73

and cavities. Here it accumulates until it either trickles through the
passes of the side of the cliff; or finds its' way out by some of the nearly
horizontal joints that intersect the rock. Such are the sources of the
shallower wells and springs observed in the substance of laterite rocks.
The deeper wells and springs are usually found at its basis, where it
rests upon the impervious trap. Near the line of junction the trap is
almost invariably observed to be in a state of disintegration, either as
friable wacké, or as a brownish or greenish grey clay. The laterite is
no longer hard or porous; its cavities are broken up or filled with
lithomarge and ochreous earth, and, in short, it presents a dense bed
of clay variegated with shades of purple, red, yellow, and white. This
_clayey state of disintegration of both rocks is ascribable chiefly to the
collection here of the percolated water from above. The line of de-
marcation between the two rocks is not easy to distinguish, as the clays
are intermixed by the water; that of the trap is easily to be distin-
guished, at a little distance from the contact, by its greenish hue and
soapy feel ; that of the laterite is often meagre to the touch, and either
white or tinged of various shades by iron. 'The disintegration of the
trap rock rarely extends more than four or five feet below the junction.

The tabular cavities in the laterite have not unfrequently a horizontal
direction, and, where numerous, impart a somewhat laminar structure
to the rock. They are observed to be most numerous where the water,
being obstructed from passing lower down, is compelled to find its way
to the sides of the cliffs; empty sinuous tubes, having a general vertical
direction, are also observed varying from a few lines to one or two
inches in diameter passing through the rock ; one was traced thirty feet
until it disappeared in a projecting portion of the cliff. These cavities
are sometimes lined with drusy crystals of quartz. The surface of the
interior is generally ferruginous and shining, and sometimes mammil-
lary and stalactiform.

Veins of manganese in the laterite—I am not aware that any writer
on laterite has noticed the occurrence of veins of manganese asso-
eiated with oxide of iron in this singular rock, a mineral which has
probably afforded the beautiful lilac colour seen in its lithomargic
carth. At the western base of the cliffs, about sixteen miles W. by N.
from Beeder, and a mile and a half from the village of Hulfergah, on
the left of the road leading down from the table-land into the plain, the
laterite is seen penetrated by a great number of veins, which, at first
sight, from their darlk aspect and singular direction, might be taken for
those of basalt. ‘I'hey are composed of black, often earthy manganese,
combined with iron. The veins are extremely tortuous and crossing
each other in every direction, and give a reticulated appearance to the

rock. On the sides of these veins the laterite is so hard as to stand out
10 g
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in relief from the weathered portions of therock. The veins are usually
thicker near the bottom of the cliff; fining off as they ascend, until they
are gradually lost in the substance of the laterite; others are horizontal.
As they diminish from an inch to a line in thickness, they gradually
lose the deep bluish-black colour, becoming mixed with the*matter of
the matrix, and pass into a brown, yellowish-brown, and, lastly, a
purplish thread, which is lost in the substance of the rock.

The bluish-black substance of the veins is compact and hard, in some
parts; sectile and earthy in others, easily frangible. Before the blow-
pipe, per se, it is converted into a black slag affected by the magnet;
with borax it fuses into a bead of amethyst-coloured glass.

The indurated sides of the veins are of a mottled reddish-grey eolour,
resembling indurated lithomarge : portions of the greyish-white clay in
their vicinity acquire an almost vitreous hardness and a cellular fritty
aspect ; a dull greenish enamel lines most of the cavities in the laterite.
The lithomarge is slightly indurated. The gritty parts of the rock
exhibit traces of calcarcous infiltration. The greyish-white clay fuses
into a greenish enamel, similar to that lining the cavities. The pure
lithomarge undergoes little alteration before the blow-pipe,—does not
fuse, but becomes indurated, darker, and more mottled. The impure
varieties exhibit in the reducing flame minute greenish globules.

The lithomarge, and the greyish white and coloured clays, all emit

air-bubbles when placed in water ; they also slightly decrepitate, butdo

not fall to pieces ; with water they form a plastic clay. The purer
varieties of lithomarge are little adhesive, feel meagre; the streak and
fracture is earthy : that of the white clays shining, they feel slightly
greasy to the touch.

It must not remain unnoticed that near to the base of the laterite
¢liff, in which the manganese veins just deseribed oceur, rans a dike of
compact and exceedingly tough basalt, occupying the space of a few
yards in breadth between the laterite and the trap of the plain. There
I was unable to discover any veins of manganese either in the latter or
the basalt. : :

The basalt of this dike is seen, in the bank of an adjoining nulla, to
assume both the globular and eolumnar strueture.

Valley of Denudation.—At the N.E. extremity of the cliffs of Beeder
an instructive example of a valley of denudation and excavation, about
a mile in breadth, is afforded, of which the following is a seetion. It
shows at the same time the immediate superposition of the laterite on
the overlying trap of the Deccan. (Plate I. Diagram, fig. 4.)

AA are cliffs of laterite from 120 feet to 90 feet high, once evidently
a continuous bed over BBB, sheeted trap and amygdaloid, and occupy-
ing CC. 'Thespace DD, hard, ferruginous masses of laterite. Though
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evidently mueh water-worn and disrupted, they have successfully
maintained their position against the transporting effects of the stream,
which not only stripped off the laterite and denuded the subjacent trap,
but excavated the latter to the depth of many feet, having the hard mass
Ba in the centre, and the valley of denudation and excavation DD.

This valley runs E. by S., and over the plain at its eastern extremity
are scattered the harder nodular fragments of the stripped laterite
mingled with regur, and the recent lateritic alluvium of the adjacent
cliffs.

Economical uses of the lalerite of Beeder.—The laterite, particularly
its closer varieties, has been largely used in building the city walls ;
in the revetements of its ditches, wells, &c. and in the construction of
the more common cemeteries. The principal edifices, walls, and bas-
tions of the fortress are of the trap. The laterite quarries of Beeder
resemble those on the coast of Malabar and Canara, but are deeper,in con-
sequence of the sectile beds, which are usually preferred, lying deeper
below the surface than in Malabar, where the far greater moisture
of the atimosphere may have some effect in preserving the moisture and
sectility of the upper parts of the rock. Both rocks harden on exposure
to the air. There is little appearance of stratification in the eliffs ;
and, on the other hand, no tendeney to a prismatic, columnar, or globular
strueture. The rock has much the appearance of those enormously
thick-bedded sandstones, where, in cliffs even of 200 feet high, there is
no alternation of other beds ; and the rock appears one unstratilorm
trap, often eleft, by vertical fissures, into columns and pinnacles.

I have dwelt longer upon the subject of the Beeder laterite than at
first sight might appear to merit, but I may plead in extenuation that it
is the first bed seen, beyond the granitic and hypogene area, resting on
the overlying trap, a rock (the nature of the rock on which it rested
had been differently stated by Malcolmson and Voysey, by the for-
mer as granite, but the question, however, by this visit has been set at
rest for ever) which probably belongs to the tertiary period. Calder, to
whom we are indebted for the only general view of Indian geology
hitherto published, and whose ideas have been quoted by some emi-
nent European geologists, terms laterite “a contemporaneous rock
associating with trap, and commencing only where the overlying trap
ends, a little to the N. of Bankote, or Fort Victoria, and thence covering
the primitive rocks of the ghits and W. coast to Cape Comorin.” Now
the laterite of Beeder and many other localities, some of which will be
described in the course of this paper, lies beyond the area of the rocks
termed primitive by Mr. Calder, and rests upon the overlying trap ; it
has never been observed underlying or alternating with it; therefore,
the only proofs available, viz. that of superposition and non-alteration,
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tend to prove its more recent and non-contemporaneous origin,—a point
of great importance. The existence in it of veins of manganese, and of
large beds of the same mineral I afterwards discovered in the laterite
area capping the granitic and hypogene rocks of the Kupputgode range
in the South Mahratta Country, are remarkable facts worthy of note,
for, until we find beds and veins of this mineral in the granitic and
trappean rocks underlying the laterite, we must be slow to admit the
theory advocated by several geologists of the latter being nothing more
than the result of the recent disintegration of the former rocks in situ.
The beds of lignite discovered by General Cullen and myself in the
laterite of Malabar and Travancore, and the deposits of petrified wood
in the red hills of Pondicherry, in a rock which, though differing in
structure, I consider as identical in age with the laterite, and other facts,
too long for enumeration here, point rather to its detrital origin like
sandstones. I do not ever recollect having seen, in the laterite resting
on the overlying trap, any fragments of the calcedonies or zeolites that
often so greatly abound in the rock immediately below it, a fact which,
while decisive against the decomposition in sifu theory, would lead us
to the inference that the laterite owed its origin to the detritus of other
rocks than the overlying trap.

Laterite, by many geologists in Europe, is supposed only to fringe
our coasts and exist as a thin cap on the ghit summits ; every day, how-
ever, is adding to our knowledge of its extent in the interior of the
peninsula ; and it is evident not only that it must have covered it for-
merly to a much greater extent than at present, but that it has since
been much breken vup by the subsequent denudation, of which, on the
small scale, Beeder affords a specimen (vide Section). The effects of
this denudation, however, are visible on the grand scale in the interior
of Southern India, where the tops of mountains of granite, hypogene
rocks, and sandstone, many miles asunder, are seen capped with late-
rite in almost horizontal beds, and little or no laterite in the intervening
plains and valleys, as in MacCulloch’s description of the great denu-
dation of the red sandstone on the N.W. coast of Ross-shire. It is im-
possible to compare these scattered and detached portions without
imagining that the whole intervening country has once been covered
with a great body of laterite, enormous masses of which have been re-
moved by denudation. The same remarks might be applied with some
modification to the subjacent sandstone. Some fragments of this great
denudation may be recognised in the laterite gravel and eclay, which
overspreads the surface of many parts of the country, and which, when
reconsolidated, it is often difficult to distinguish from the true laterite,

from which it has been derived, and for which it has often been mis-
jaken. :
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From Beeder to Calliany, trap and laterite.

It is now time to resume our journey towards the old Jain city of
Calliany, more lately the metropolis of the * kings, a provincial city under
Aurangzebe, and now under the Nizam.,

From the foot of the cliffs of Beeder a plain, based on trap amyg-
daloid, abounding with calcedonies, zeolites, and calc spar, broken only
by a few slight undulations, extends to Calliany, near which the surface
undergoes a aentle but considerable ascent ; a few belts of the reconso-
lidated laterite gravel just described cross the road resting on the trap,
and are evidently derived from some high laterite cliffs to the W. and
N. of the city, to which I traced the débris. On one of these heights
stood a few denuded laterite cliffs, about twenty or thirty feet high,
insulated from each other by spaces four or five feet wide, and re-
sembling those already delineated in the Beeder valley section. A piece
of calecedony was picked up in the gravel, but none could be discovered
in the unfractured laterite. The trap, in the form of wacké, here un-
derlies both the laterite and its detritus; the line of demarecation is
perfectly defined and distinet.

Bazar excavated in the laterite cliffs of Calliany.

Nearer Calliany the bed of laterite gravel is succeeded by laterite,
which forms a low ridge of hills immediately to the west of the town.
A street has been cut from the rock running along the side, about mid-
way up the ascent, in the secarp of which a long row of now deserted
houses and shops has been excavated, and, also, small caves supported
by pillars of the laterite left untouched while excavating. 'T'he bases of
the cliffs in the vicinity are quarried for the softer variety of the laterite,
which is carried off in baskets, ground with water into a plastic clay,
and nsed as a water-prool covering to the tops of the flat-roofed houses
of Calliany. The laterite is here called by the natives, from its worm-
eaten appearance, Kire ka putthur, or Silika putthur, 'The Tamuls call
it Chori kulloo, vettic, and culloo ; and on the Malabar coast it is termed
Stika culloo.

The wells here are of considerable depth. The temperature of one,
95 feet to the surface of the water, was 78° 5’ ; temperature of air in
shade, 89°; the boiling-point of water, 206° 5’ ; temperature of air, 84°,

The soil between Beeder and Calliany is principally lateritie, mixed
with the detritusof thesabjacent trap, crossed in afew situations by zones
of regur, often blended with the trap and laterite soils; the low flat-topped
hills avoided by the route appear to be of laterite resting on the trap.

* MSS, illegible.
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From Calliany to Gulburgah.

The laterite continues from Calliany to a few miles beyond Murbi, a
distance of about fifteen miles, forming long flat-topped ranges of hills
rising about a hundred feet above the general level of the table-land,
and running E.S.E. They are separated by narrow, flattish valleys,
having a similar direction to that of the hills, and to that of the wider
valley separating the Beeder and Calliany laterite cliffs. They present
the usual appearances of valleys of denudation, and in many places the
‘trap and amygdaloid underlying the laterite have been exposed. -

At Murbi the laterite table-land of Calliany is descended to a terrace
or step of comparatively level land, where the trap and its associated
wacké, amygdaloids, and kunkur, are the only rocks met with. A little
N. of Gulburgah, another terrace, formed by these rocks, is descended
to the still lower level on which the city stands in the valley of the
Bhima, abount twelve or fourteen miles to the north of the present chan-
nel of this fine river. About ten miles south of the city, beds of lime-
stone outcrop from the trap between the villages of Nundipoor and Sin-
noor, and continue forming the bed of the Bhima at Firozabad, dipping
slightly towards the 8.W. The limestone continues, on the opposite or
south bank of the river, about four miles alittle to the N.E. of the village
of Gownully, where it is again overlaid by the trap. Plate I. Diagram,
fig. 5, is a rough section from the table-land of Calliany to the south
bank of the Bhima, comprehending a tract of land about fifty miles N.
and 8., exhibiting extensive denudation, both laterite and trap having
been stripped off the subjacent limestone exposed in the valley of the
Bhima. On the south side of the valley the trap re-appears, but the softer
laterite has been entirely swept away.

W | Rolled and waterworn fragments of the
trap occur in and on the soil and gravel
toverlying the limestone, at a distance of two
or three miles from the present channel of
) the river, and far above the reach of iis
highest floods. The traces have all the appearance of having been
formed by the action of waler.

BB. Trap once forming
a continuous sheet.
C. Limestone.

Iron smelting at Murbi.

It must not be omitted to mention that at Murbi, near the edge of the
Calliany table-land and the adjacent village of Boghirry, the more
ferruginous nodules ocecurring in the laterite are collected, roasted,
coarsely pounded, and smelted. The furnace at Murbi is a small one,
and capable of smelting about one Kucha maund of twelve seers per
diem. The ore is subjected three times to the action of the fire,—twice
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to reduce it and cleanse it from dross by beating the half-molten mass
with heavy hammers; and the third time to form it into bars, and
other forms convenient for agricultural implements, which are sent to
Gulburgah and Calliany. These markets are also supplied with iron
from Mogumpilly in the Koil Talook. The ore, which is in the form of
nodules, often exhibits, on {ractured surfaces, stripes of hmmatic red
earthy ore, alternating with others of a metallic iron blue. It is sold
by the people who colleet it to the iron contractor on the spot at the rate
of three and a half Hyderabad rupees the Kucha maund of twelve seers.

Lithologic character of the Firozabad Limestone and Traps.—The
denuded limestone in lithologic character closely resembles that of
Kuddapah, Kumool, Warapilly, and Talicota ; no fossils were found init.
The prevailing tint is a greyish blue; strings of small spherical cavities
occur in it as in the limestones just alluded to, some empty, others filled
with a brown ferruginous dust.

The trap has often a porphyritic structure, imbedding crystals of a dull
olive-green mineral, which in disintegration assume a greenish-brown
tinge, and finally fall out, leaving cavities in the rock. They are not
unlike some varieties of olivine, a mineral occasionally seen in this trap;
a great development of kunkur is observed in its fissures previous to
coming on to the outeropping of the limestone.

The Bhima River.—The Bhima is about six hundred yards in appa-
rent breadth at Firozabad ; its temperature, 78° Fahr.; temperature of air,
90° ; approximate height of bed above sea by boiling-point, 1,730 feet.
The waters were swollen and muddy from the monsoon rains (June),
and running at the rate of twoand a half feet per second. A tumblerful
of the water deposited about & * its bulk of a fine reddish brown sediment,
which effervesced with dilute sulphuric acid, evidently the débris of the
trap, amygdaloids, and limestone rocks, over which it passes. The banks
are shelving, and composed of the laminar greyish-blue laminar lime-
stone, covered with silt and regur, and their surface strewed to a con-
siderable distance on either side with rolled fragments of agates, calce-
donies, &c. marking the extent of the floods.

The bed has been hollowed in the limestone, exposing shelving sur-
faces of the rock, in some places perfectly bare, others covered with silt
or a gravel from the size of a pea to that of an egg, fragments of trap,
and limestone, caleedonies, jasper, and agates. In consequence of the
disorders committed by the irregular Arab soldiery, the town of Firoz-
abad had been almost deserted, and the Ambikars with their basket-boats
had quitted the ferry which was now unfordable, and the water running
with considerable rapidity. The village people collected a number of
pumpkins, and about noon they succeeded in netting these together

* So in MSS,
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and constructing a tolerable raft, with which the stteam was easily
crossed.

The sources of this fine river rise in the western ghits a little to the N,
and S. of Poonah ; aflter watering the fertile plains of the country of the
Mahrattas, where its banks are famous for the breed of horses and
mares, from which the hardy cavalry of this warlike race has been
chiefly supplied, and, flowing south-easterly towards the Bay of Ben-
gal, over the almost continuous sheet of the great overlying trap for-
mation of the Dececan, it joins the Kistnah on the granite and hypogene
area of Hyderabad, about fifty miles direct distance S.E. from Firozabad.
It contributes to the Kistnah many of the Pietri duri of the overlying
trap formation that are rolled along its bed over more than half the
peninsula.

Trap Formation from the vight bank of the Bhima to the Laterile of
Inglisswara.

The trap again covers the limestone a little to the N.E. of the village
of Gonnully, about four miles from the river: the latter rock is seen out-
cropping for the last time at the base of a low hill of trap between
Gowncolly and Sunnoo. The trap is amygdaloidal, veined with kun-
kur, and imbedding calcedonies and cale spar.

From Sunnoo to Jyattaky the calcedony is seen both in veins and no-
dules, and passes into plasma; the colour varies from the lightest tinge
of apple-green to the deep hue of heliotrope into which it passes; in
some translucent varieties the colouring matter is deposed in delicate
moss-like filaments ; the colouring matter of the plasma has not been
exactly ascertained by chemists, but it seems to be similar to that of the
heliotrope, both disappearing before the blow-pipe.* The colour of this
variety of plasma, when exposed to the reducing flame, changes to a
purplish white, the plasma becoming opaque and easily frangible.
I have little doubt that the red spots of the variety of calcedony termed
heliotrope are derived from thin beds of fine bright-red bole, which are
often seen alternating with the trap, and in nests, in this vicinity.

The surface of the country to Sindaghi presents the long, low, flat,
step-like elevations of trap, separated by plains along which the route
lies, and running in a S.E. direction. The soil is usually the detritus of
the trap and laterite, in belts and patches of a grey colour and dark red,
sometimes sandy ; the vegetation stunted, consisting chiefly of the
acacias, the Cassia auriculata, and Hingun thorn. On a fallen blighted
acacia amid the low jungle, I observed a chameleon perched motionless
with his head erect and jaws wide open, as if; indeed, making a meal
of the afternoon breeze. His skin—which mimics the prevailing hues

* Perhaps silicate of iron? that of heliotrope being the ved oxide 7—Eps.
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of surrounding objects; blue when basking. beneath a cloudless sky,
and emerald when shaded by the forest’s verdure, had here so strongly
assimilated that of the black and ashy-white stem on which he lay, that
at first T thought it was a singular excrescence ol the wood itself.

A little tothe N.W. of Sindaghi the summit of a ridge is observed
covered with globular masses of a compact basaltic trap, underlain by a
bed of the fine red clay imbedding a profusion of zeolites, also heliotrope,
plasma, geodes of calcedony lined with quartz, crystals, semi-opal,
cacholong, agate, and cale-spar, resting on a greenish-grey wacké,
Both rocks are veined and interstratified with kunkur of a somewhat
cancellar structure. The horizontal layers of kunkur are often {from ten
to twelve inches thick. The softer wacké and amygdaloid in weathering
often leaves the harder layers of kunkur projecting from the surface.

(Plate I. Diagram, fig. 7.)

A, globular basaltic trap; B, red amygdaloid; CC, kankur layers;
D, wacké.

From Sindaghi by Ipperghi to Ingleswara the aspect of the country
iz much the same as from the Bhima to Sindaghi, but the plains become
flatter, more extensive, and more intersected by nullas. At Ipperghi
the trap assumes the rich brownish-purple or chocolate hue of the trap
of Bejapore, and is seen in the bed of the rivulet resting on a beautiful
red zeolitic amygdaloid : the line of contact is marked and distinet.
Heliotrope and plasma are less common here.

Indications of the laterite are perceived, before reaching Ingleswara,
in beds ofits detritus re-eemented by a brown ferruginous and calcarcous
paste ; also, fragments of chert and a variety of limestone porphyry. As
anficipated, the laterite was found capping a ridge of trap and wacké
a little to the S.W. of Ingleswara, presenting a similar development of
the lithomarge near the line of contact with the trap as observed at Bee-
der. The latter rock passes into a friable greenish wacké, and also into
a dark amygdaloid, containing spheroidal cavities, often filled or lined
with green earth,

The hill of Ingleswara, marked by an old tower, is principally com-
posed of wacké penetrated by flattish, apparently compressed, veins of
fibrous arragonite. On the top of the hill are scattered globular and
angular fragments of basaltic trap, while, partially imbedded in the soil
covering its sides, are rongzh, seabrous-looking blocks of a light-coloured
rock, resembling altered limestone passing into chert. These bloecks are
mostly angular, from generally six inches to two feet thick, have a whitish
exierior =0 rough in aspect and touch as, in these respects, to resemble
trachyie; and, when fractured, the small glistening red and white cal-
careous crystals they imbed might at first sight be taken for those of
glassy lelspar. The softer and more crystalline portions of this singu-

11 4
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lar rock effervesce with acids. 1t oceurs also in detached blocks, on
the wacké at the base of the laterite chiffls S.W. of Ingleswara. The
rock here is more compact, homogeneous, less crystalline in structure,
and exhibits dark dentritic delineations. Some fragments are partly
coated with a thin bluish white enamel, which is apt to assume a botry-
oidal form ; on its surface are seen numerous small white globules of
white enamel. Among the lateritic débris intermingled with these blocks
are interspersed numerous nodules of a black cineritious looking mineral,
containing cavities filled with an impure, earthy, brown manganese;
their black outer crust is often so indurated as to give fire with steel.
Before the blow-pipe, per se, it reddens slightly and exhibits minute
globules of a bluish:white enamel. The following section will exhibit
the position of these blocks of cherty limestone as they occur on
the sides of a valley of denudation and excavation, a mile in width,
(Plate T. Diagram, fig. 6.)

A, Laterite, overlying trap at B, and stripped off at E and Bb.
B,Bb, Trap.
C, Gilobular basaltic trap.
DD, Blocks of whitish scabrous limestone, passing into dust; and
half imbedded in lateritic gravel.
E, Valley of denudation and excavation.

The limestone has very much the appearance of the fresh-water lime-
stone of Nirmul, Moonapilly, and Koolkonda between Gulberga and
Muctul, and has evidently been broken up and altered by the basalt.

The angularity of the fragments and their little water-worn appear-
ance prove that this bed must have been deposited and existed in sifu
at no great distance from the present locality. The blocks were not
observed in the centre of the valley, from which it may be inferred that
the limestone was only a littoral deposit, or that its fragments were car-
ried away by the aqueous current by which the valley was excavated.
The laterite elifls of Ingleswara, like those of Beeder, Sondur, and on
the western coast, are cavernous: one of the caves near the summit
is held sacred by the Hindoos, The entrance was barred by a locked
gate; it is said by the natives (credat Judeus) to communicate with
another similar cavern on the hill of Nageswar, also said to be of late-
rite, about three coss to the S.W. Near the mouath is one of thoze rem-
nants of the strange ophitic adoration that prevailed over great part of
Southern India in the shape of an image, of which the npper portions
resemble those of a young female, and the lower terminating in the
coils of a serpent.* Ingleswara is famed in Hindoo annals as the place

* We have in the Museum o double image of this kind formed by two female busts with
serpent terminations,—Eps,
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where the nuptials ol Buswapa, the founder of the great sect of Jungums
and Lingayets, and the overthrower of the Jain dynasty of Calliany,
were celebrated. The small latevite hill of Hori Muth, his birth place, is
at a little distance.

From Ingleswara to about eleven miles S.W. of Bagwari, trap,
wacké, and amygdaloid form the basis of the plain where its southern
limit is again crossed to the hypogene area. A reddish felspathie zone,
similar to that already noticed in the Bigapore Noles, intervenes between
the trap and the gneiss, which is first seen to outcrop in the bed of a
nulla between the villages of Hungraghi and Wondal, where a section
is afforded showing the thinned-out edges of this great coulement of
trap resting on and coating the reddish intervening felspar zone. This
zone, or salbande, is probably nothing more than the altered gneiss.

The mica in the gneiss is replaced by hornblende, and at a little dis-
tance the gneiss passes into hornblende schist. Both rocks are highly
inclined, dipping westerly ; gneiss, felspathic-veined and interspersed
with quartz, continues to the left or north bank of the Kistnah to
Chimlaghi, where it disappears under the bedsof a bluish limestone
resembling that of Firozabad. The gneissis in some situations capped
by laterite fragments of a greyish blue and buff limestone ; the latter
crystalline and effervescing feebly with acids, and penetrated by tortuous
veins ofthe dark chert. A few globular boulders of granite and green-
stone are scattered over the low hill of Chimlaghi, out of the reach of the
floods of the Kistnah. They have a rugged water-worn exterior. The
hill itsell is capped with a layer of kunkur, varying in thickness from
a few inches to five feet, imbedding nodules of a ferrnginons clay and
angular fragments of a grey and dark-coloured chert, a bed of which is
seen intervening between the limestone and the gneiss. The kunkur
bed rests npon disturbed strata of the bluish limestone, so much broken
up that it was impossible to ascertain the dip or direction of the rock.
The gneiss underlying the limestone imbeds erystals of cale-spar.

From the junction of the Kistnah and the Gutpurba, near Chimlaghi,
by Kulladghi, to the west of the falls of Gokauk on the eastern flank of
the western ghiits, a limestone and sandstone formation, supposed to be
identical with those of Cuddapah and Warapilly, extends with partial
outeroppings of the hypogenes and a few patches of overlying trap and
laterite. The nature of the rocks composing the summits of the ghts
immediately behind the falls of Gokauk has not been noticed. A little
further south they are composed of the hypogene schists and granitic
rocks, covered partially, to the sea at Goa, Vingorla, and Malwan, by
laterite. North of Malwan the overlying trap is almost the exclusive
rock scen to Surat. Of the aeology of the Southern Muratha Country
I intend speaking more fully in a subsequent paper.
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On some Petrified Shells, found in the Gawilgerh Range of Hills, in
April 1823. By the late H. W. Voysey, Esq., Assistant Sur-
geon, H, M.’s 67th Foot.*

Tms remarkable range of hills is called by Arrowsmith, in his last
map, the Bindeh, or Bindachull (Vindhya or Vindhydchala) hills.
The same name is, however, given to a lofty range of hills on the left
bank of the Godavery, as it passes through Gondwana, and also to those
near Gwalior, I shall, therefore, distinguish them by the name of the
Gawilgerh range, particularly as, alter repeated inquiries,’T have never
been able to discover that they were so designated either by the inhabit-
ants of those hills or of the neighbouring plains. They take their rise
at the confluence of the Parna and Tapti rivers, and, running nearly E.
and by N, terminate at a short distance beyond the sources of the Tap-
1i and Warda. To the southward, they are bounded by the Valley of
Berar, and to the north by the course of the Tapti. The length of the
range isabout one hundred and sixty English miles, and average breadth
from twenty to twenty-five miles.

On the southward side they rise abruptly from the extensive plain of
Berar, the average height of which is one thousand feet above the level
of the sea, and tower above it to the height of two and three thousand
feet. The descent to the bed of the Tapti is equally rapid, although the
northern is less elevated than the southern side of the range. The out-
line of the land is generally flat, but much broken by ravines, and by
aroups of flattened summits, and isolated conoidal frustra. The sum-
mits and the flat land are, generally, remarkably destitute of trees, but
thickly covered by long grass, In the ravines and passes of the moun-
tains the forest is very thick, and, in many places, almost impervious.
"The inhabitants are principally Goands, whose langnage, manners, and
customs difler remarkably from those of the Hindoos. At present their
chief occupation is hunting and cultivating small patches of land, which
produce a coarse rice and millet. In former years the cultivation
must have been very exlensive, since there are the ruins of numerous
hill forts and villages, which derived their chiel subsistence from the
surrounding lands.

Many opportunities are afforded of studying the nature of this moun-
tainous range in the numerous ravines, torrents, and precipitous de-
scents which abound in every part. A Wernerian would not hesitate in
pronouncing them to be of the “ newest floetz-trap formation” ; a Hut-

* Reprinted from the Asiatic Researches, vol. xvii. p. 187,
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tonian would call them overlying rocks ; and a modern geologist would
pronounce that they owed their origin to submarine volcanoes.

I shall not give them any other name than the general one of trap
rocks, but proceed to describe them, and state with diffidence the in-
ferences which, T think, obviously present themselves on an attentive
study of their phenomena.

1st.—The principal part of the whole range is formed of compact
basalt, very much resembling that of the Giant’s Causeway. It is found
columnar in many places, and at Gawilgerh it appears stratified, the
summits of several ravines presenting a continued stratam of many
thousand yards in length,

2nd.—The basalt frequently and suddenly changes into a wacken, of
all degrees of induration, and, I may say, of every variety of composition
usnally found among trap rock.

8rd.—Into a rock which may be named indifferently, nodular-wacken
or nodular-basalt, composed of nuclei of basalt, usually of great specific
gravity, surrounded by concentric layers of a loose earthy mass resem-
bling wacken, but without cohesion, which, on a superficial view, con-
veys to the mind the idea of a fluid mass of earth having, in its descent
from some higher spot, involved in its course all the rounded masses it
encountered, and subsequently become consolidated by drying. A very
slight inspection is sufficient to detect the true cause of this appearance,
which is owing to the facilities of decomposition of the outer erust,
depending on difference of structure and composition. In none of the
conglomerates, or pudding stones, do we observe any traces of this
structure, and, as it is common to the most erystalline greenstone,
porphyritic greenstone, and those rocks usually denominated syenite,
there can be little doubt that it is owing to the development of a peculiar
concretionary structure by decomposition. In a small ravine, near the
village of Salminda, two thousand feet above the sea, I saw basalt of a
perfectly columnar structure, closely connected with a columnar mass
formed of concentric lamellz, enclosing a heavy and hard nucleus. Near
this ravine I had alsoan opportunity of observing the graduoal and per-
fect passage of the columnar basalt into that which has been called
stratified, from the parallelism of its planes,—the composition being
identical, and, without doubt, cotemporaneous. These changes and
passages, from one rock into the other, are so frequent and various as to
render it impossible to refer the most of them to either of the rocks I
have above mentioned as types. I shall, therelore, proceed to deseribe
those which are distinct];-,r marked and their accompanying minerals,
In external appearance the columnar and semi-columnar basalt closely
resembles that of the Giant's Causeway, possessing the same fracture,
internal dark colour, and external brown crust. It is equally compact
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and sonorons, It, however, containg, more frequently, crystals of olivine,
of basaltic hornblende, and of carbonate of lime. The fusibility of each
is the same. Perhaps the basalt of the Gawilgerh range more nearly re-
sembles in every respect that of the Pouce Mountain in the Mauritius,
This is, however, of very little importance, since everybody who has
travelled much in trap countries knows well what great changes in
composition and structure occur even in continuous masses. Among
the minerals, calcedony and the different species of zeolite are rarely
found in the columnar basalt, but they are ol frequent occurrence in that
which is semi-columnar. The wacken, or indurated clay, is as various
in character and composition as the basalt, and, unfortunately, I have no
type with which to compare it, as in the case of the basalt of the Giant's
Causeway. Its colour varies with its constituents, but is most usually
gray. Itis easily frangible, very frequently friable, and is almost al-
ways porous and amygdaloidal. Itappears to be composed of earthy
felspar and hornblende, with a considerable proportion of oxide of iron.
It is always easily fusible into a black scoria, or glass, according to the
quantity of zeolite which it contains : of all the trap rocks, it abounds
the most in simple minerals, They are :—

Quartz.

Calcedony and calcedonic agates, enclosing crystals of carbonate
of lime.

Common and semi-opal.

Heliotrope.

Plasma, or translucent heliotrope.,

Stilbite.

Analcime.

Natrolite.

Tethyophthalmite.

Felspar.

Carbonate of lime and green earth,

I have never been able to discover in it either augite or hornblende
in distinct crystals. When the surface of the land is strewed with
these minerals it is a certain indication that the rock beneath is
wacken. With regard to the situation of this roek, T have rarely seen
it on the summits of hills, but much more frequently at their basis,
and forming the flat, elevated plains. I shall have occasion to adverl
to this rock again, when I proceed to describe the petrified shells.

'I'he nodular basalt is, perhaps, the most common form of trap in thig
mountain range, as well as in other parts of India. It more commonly
forms the surface than either of the rocks, and is as frequently seen ol
the summits as it is at the basis of the mountains. It rarely abounds
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in minerals of any kind. Itis the principal source of the rich, black
diluvian soil of India, commonly ecalled black cotton soil. I have liule
to add to the former deseription of it. Its external structure is some-
times beautifully developed by decomposition, since in a mass of about
gix inches diameter it is possible to count above twelve concentrie layers,
and, on striking the nucleuns a slight blow with a hammer, one or two
more layers are broken off. Itis owing to this facility of decomposi-
tion, that the annual rains carry down such vast quantities of alluvial
soil from its surface, which is, moreover, always strewed with an abund-
ance of nuclei in various stages of decomposition. It is owing to the
difficulty with which the roots of trees penetrate this rock that they are
so rare on its surface, and never grow to any size ; yet this cirenmstance
does not prevent the Andropogon contortum and nardus from growing
in the most luxuriant manner, which sufficiently proves the fertility of
the soil. -

On ascending from the Tapti, I observed in a nulla a group of ba-
saltic columns, one of which was two feet in diameter, and six-sided.
When near the summit of the flat table.land of Jillan, I entered on a
pase formed on one side by a perpendicular section of the rock from twen-
ty-five to thirty feet, and on the other by a rapid descent of forty or fifty.
The lower part of the section, as well as the pathway, is composed of
the wacken, or indurated clay, of the kind I have before mentioned, of
about ten feet in thickness; lying on it is a stratum of earthy clay of
different degrees of induration and purity, twenty yards in length, and
of about two feet in thickness, containing great numbers of entire
and broken shells. This possesses all the characters of a stratum, since
the horizontal fissures are parallel, and are prolonged, with a few inter-
ruptions, through the whole extent. The accompanying sketch will
serve to give a tolerably correct idea of the mode in which the stratum
appears to overlie the lower rock, and to have been depressed by that
which is superincumbent. The upper rock consists of about fifteen feet
in thickness of the nodular basalt, or wacken, the nnclei being of all
sizes. The vertical fissures, which are so remarkable in trap rocks, are
prelonged from both the upper and lower rocks into the shelly stratum,
although there is no intermixture of substance.

The stratum is composed of a highly indurated elay, fusible before the
blow-pipe into a fine black glass, and neither it nor the shells it contains
effervesce in acids. The shells are, for the most part, flattened, and
belong either to the genus conus or voluta. It is not possible to con-
ceive that so fragile a substance as a thin land-shell should have been so
completely flattened without fracture, unless it had been previously soft-

ened by some mode, which at the same time produced a suflicient degree
of pressure to effect its flattening.
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I have attempted, in the annexed sketch, to give a representation of
the degree of flattening, but I fear that it can only be well understood
by the specimens themselves.

Neither the rock nor its contained shells effervesce in acids. West-
ward, the ground is covered by the débris of a shelly conglomerate,
much more indurated and impregnated with green earth, exhibiting
cavities and shells in relief : from the shape of the former there can be
no doubt of their having once contained shells. Some of the shells are
entire, but are rarely flattened. The matrix appears to be siliceous, and
in some cases approaches to imperfect heliotrope. It is not fusible be-
fore the blowpipe.

I may here mention that, in a report to the Marquis of Hastings, in
June 1819, I mentioned the existence of shells in trap rocks at Med-
condah, at a height of 2,000 feet above the sea. The hill was composed
of nodular trap, and lying on its surface were numerous pieces of sili-
ceous stone, containing shells of the genera turbo and cyclostoma. The
specific gravity of the stone varied from 2° 0’ to 2° 5': the shells did
not effervesce in acids, although some of them preserved their external
polish. Internally, some of the stones appeared to pass into flint, par-
ticularly those of small specific gravity, whilst their external surlace
effervesced in acids. Some of the small shells were completely chang-
ed into calcedony. Specimens of these shells are lodged with the
Asiatic Society.

It is a remarkable fact, that the only remains of animals hitherto
discovered in India should be found in trap roeks, and under quite pecu-
liar circumstances :—1s¢. They are found in situations where there are
‘no indications of the former existence of lakes. 2nd. Both the shells
and maltrix are destitute of carbonic acid. 3»d. The former are in many
instances squeezed flat without fracture, and in some cases completely
commixing with their matrix.

These effects could only have been produced by the agency of heat,
and, consequently, the modern theory of sub-marine or sub-aqueous
valeanoes will best serve to explain the phenomena, These shells
were deposited in the stratum of clay in which they are now found,
and, when forced up by the mass of wacken beneath, they were, most
probably, at the same time covered by the nodualar basalt. Thus we
have heat, to drive off the carbonic acid and soflten the shells under a
pressure, which assisted the process, and at the same time flattened them.

I have too numerous collateral proofls of the intrusion of the trap
rocks in this district amongst the gneiss to allow me to doubt of their
voleanie origin. T shall take an . early opportunity of completing the
history of the trap rocks of India, for which I have collected materials
for several years past.
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On the Geology of a portion of Dukhun, East Indies. By Lieutenant
Colonel W. H. Svkss, F.R.S., F.G.S., F.L.8.*

[Read January 23, 1833.]

My personal observation of Dukhun (Decean) and Konkun (Conean)j
is not confined to the boundaries laid down in the following geological
memoir; but as the rock and mineral specimens remaining at present in
my possession are from Dukhun only, I have not thought it proper to
extend my details beyond the limits I here prescribe to myself, although
1 might venture to do so from notes taken at different periods, without
exposing my accuracy to question. I will, however, in closing this
paper, offer a few observations on the trap and other formations of India;
the amazing extent of the former not appearing to have been appreciated
hitherto in European geological works.

Boundaries.

My tract § is bounded on the west by the range of mountains usually
denominated by Europeans the # Ghats,” from a misinterpretation of
ihe term Ghdt, which simply means a pass, the proper name of this
range being the « Syhadree” ; on the north by the Mool river, as far as
Rahooreh ; on the east by a direct line from Rahooreh to the city of Ah-
mednuggur, and subsequently on the north-east by the Seena river until
its junction with the Beema river below Mundroop ; on the south-east
by a line from Mundroop to the celebrated city of Beejapoor; on the
south by a line from Beejapoor to the town of Meeruj; and from this
place the boundary in the south-west is the Kristna and Quina rivers, to
the hill fort of Wassota, situated in the Ghits. The western boundary
line extends, as the crow flies, about 144 miles ; the northern, 72 miles ;
eastern and north-eastern, 159 miles; south-eastern, 41 miles ; southern,
80 miles; and south-western, 88 miles. Agreeably to observations made
by myself and the officers of the revenue survey in Dukhun, the tract
lies between the parallels of north latitude 16° 45" and 19° 27, and east
longitude 73° 30’ and 75° 53', and, roughly calculated, may be said to
comprise an area of about 26,000 square miles.

* Reprinted from the Transactions of the Geological Society of London,vol. iv. Second Series.

T With respect to the pronunciation of native words, the “u” is the  in “hut,” and the
“a" the a in “qll,*

T See Map,
12 4
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Stratification.

Previously to entering into deseriptive details, I will state, in a few
words, that the whole of the country comprised within my boundaries
is composed of distinetly stratified trap rocks, without the intervention
of the rocks of any other formation. Whether at the level ol the sea or
at the elevation of 4,500 feet, in all and every part beds of basalt and
amygdaloid are found alternating, whose superior and inferior planes
preserve a striking parallelism to each other, and, as far as the eye can
judge, to the horizon. Barometrical measurements and the course of
rivers indicate a declination of the country to the east-south-east and
south-east. From the town of Goreh, latitude 19°-03 and longitude
74°-05, on the Goreh river, following a mean course for the river until it
falls into the Beema, and subsequently continuing a mean course for the
Beema until its junction with the Seena river, the distance is about 200
miles, and the declination 671 feet : there may, therefore, be a trifling dip
of the strata; bnt as a succession of low terraces occurs in that distance,
the apparent horizontal position of the strata may be unaffected by the
above difference of level.

Dr. MacCulloch, describing the overlying or trap rocks, says *these
masses are generally irregular, but sometimes bear indistinet marks of
stratification.”* As Dr. MacCulloch’s language implies the rare occur-
rence of stratification, instead of its being a distinctive feature, at least of
the Indian branch of the trap family, I deem it necessary to quote the

few authors who have written on Indian geology, in confirmation of the
fact I have stated.}

* (Classification of Rocks, p. 466. ,

t “These mountains (the Vindhya range), like every other in Malwa, appear to be distinctly
stratified, consisting of alternate horizontal beds of basalt or trap and amygdaloid. Fourteen
of these beds may in general be reckoned, the thinnest at the top, and rapidly increasing in
thickness as they lower in position, the basalt stratum at the bottom being about 200 feet
thick.” Again, at page 327, he says: “In the upper plains of Malwa every point of view =
presents the same uniform and distinetly streaked appearance noticed in the Vindhya range.”—
Captain Dangerfield, in Geological Notices of Mulwa, in Appendix No. 2 to Sir John Malcolm’s :"
Central India, pp. 322-327. ¥

Dr. Voysey, in a paper on the Geologieal and Mineralogical Structure of the vicinity of Nag-
poor, says: * From the summit of the hill of Sitabaldi the difference in the outline of the rocks
eastward is very perceptible. The jflaitened summits and long flat outline, with the numerous
gaps of the trap hills, are exchanged for the ridgy, peaked, sharp outline of the primary rocks.”—
Physical Class of the Asiatic Researches, p. 127.

In a second paper in the same work, on some petrified shells in the Gawilgerh range of trap
mountains, extending for 165 miles along the left bank of the Tapti river, from its source to the
city of Boorhanpoor, he describes the principal part of the range as formed of ** compact basalt
very much resembling that of the Giant’s Causeway. It is found columnar in many places,
and at Gawilgerh it appears stratified ; the summits of several ravines presenting a continued
stratum of many thousand yards in length.”—Physical Class of the Asiatic Researches, p. 130,
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Ghals.

The Dukhun rises, by a succession of terraces or steps, very abruptly
from the Konkun.®* Its valleys and table-lands have a mean elevation
above the sea of about 1,800 feet. The Konkun is a long strip of land
from thirty to filty miles in breadth, lying between the Ghits and the
gea; the mean elevation of this strip is less than 100 feet; but it is
bristled with isolated hills, or short ranges, some of which attain an eleva-
tion equalling that of the Ghats. Numerous shoulders or salient angles
are thrown out from the Ghats from the western or Konkun side, and by
means of these the ascent to Dukhun is effected ; with what difficulty
will be understood when I state that the military road of communication
between Bombay and Poona, up the Bore Ghat, rises nearly 600 feet in
a mile. The western portion of my tract along the crest of the Ghits is
exceedingly strong: spurs of different lengths extend from the main
range to the eastward and south-east, leaving many narrow tortuous
valleys between them, some of which have the character of gigantic
cracks or fissures; other valleys, although occurring less frequently,
when looked at from the neighbouring ranges, appear as flat and smooth
as a billiard-table, even to the crest of the Ghits, but when traversed are
found to be ent up by numerous narrow and deep ravines.} Stupend-
ous scarps, fearful chasms, numerous waterfalls, dense forests, and
perennial verdure complete the majesty and romantic interest of the
vicinity of the Ghits. As the spurs extend to the east and south-east
they diminish in height, until they disappear on approaching the open
plains in my eastern limits, between the Beema and Seena rivers. The
area of the table-land on their summit often exceeds that of the valley
between them : such is the case with the spur bordering the left bank of
the Beema river for forty miles from its source, occupying, in fact, the
whole country between the sources of the Beema and Goreh rivers. The
spurs are rarely tabular for their whole length, but narrow occasionally
into ridges eapped with compact basalt, and subsequently expand into
extensive table-lands. The spur originating in the hill fort of Hurree-
chundurghur affords a good example. The fort is about eighteen miles
in circwnference : on the east it presents a salient angle to the neigh-
bouring mountain ; absolute contact, however, only commences at about
400 feet from the top of the searp, leaving a gap and an extremely nar-
row ridge, over which lies a diflienlt footpath of communication between
the valley of the Malsej Ghat and that of the Mool river. The spur
then widens; some lateral ramifications shoot out, on one of which is
situated the fort of Koonjurghur; at the Brahmun Wareh Pass it narrows

* See Plate V, t The valley of the Malsej Ghit, for instance.
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considerably, but not into a ridge ; it subsequently expands into the ex.
tensive and well-peopled table-land of Kanoor and Parneir, twenty-fonr

miles long by twenty broad, having diminished in height, by a succes- .

sion of steps, from 3,894 feet in Hurreechundurghur to 2,866 at Brahmun
Wareh, 2,474 at Parneir, and 2,133 on the terrace of Ahmednuggur.
From Ahmednuggur the spur bends southward until it iz finally lost in
the neighbourhood of Sholapoor. It is, in fact, the margin of a great
platean, which has a mean elevation of about 300 feet above the valley
of the Godavery river, and over which the rivers Goreh, Beema, Seena,
&c., take their course. The basaltic caps of the ridges appear more or
less columnar, from numerous vertical fissures ; the weathering of these
exposed rocks produces pillars, spires, towers, houses, and other forms

of works of art.* Another feature of these spurs is the occasional

occurrence of their table-lands of small hummocks or conical hills with
a truncated apex. Dr. Voysey} mentions ¢groups of flattened sum-
mits and isolated conoidal {rustra” in the Gawelghur trap mountains.

One of the longest of the spurs originates in the Ghats north-west of
Satarah, and rans nearly east-south-east, about 110 miles, towards
Punderpoor.

The spur immediately south of Poona, on the ramifications of which
are situated the formidable fortresses of Singhur (4,162 feet), Poorundhur
(4,472 feet), and Wuzeerghur, adjoining Poorundhur (at nearly the same
clevation), has an extent of ninety-five miles. The accompanying
section (Plate V. fig. 2) represents this spur.

Valleys.

Much having been said respecting valleys of exeavation, I think it may
be acceptable to offer a few observations on the valleys between the
spurs. I shall describe only those that present the greatest contrasts lo
each other.

Valley of the Mota River.—The valley of the Mota river, south of

Poona, originating in a mass of hills on the edge of the Ghits, is so

exceedingly narrow, that for some miles the bases of the opposite hills

frequently touch each other, leaving, at intervals, little horizontal plots,
of a pistol-shot in width. These plots occur in terraces, on lower levels

as they extend eastward.
Vale of the Under—The valley of the Under river, north-west of
Poona, presents a perfect contrast to the last. It is level for twenty

miles, running east and west to the very edge of the Ghiits ; and a per-
son can stand at the head of the valley upon the brink of a scarp rising
almost from the Konkun. Here, at the source of the river, it is nearly

* See Plate V. figs. 1 and 2 on the Konkun; and Plate IV, fig. 1.
t Physical Class, Asiatic Researches, p. 189,
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gix miles wide. The river Under runs down the valley 150 [eet below
the level of the eunltivated lands,

Vale of the Bawm.—The neighbouring valley of the Baum river, un-
like that of the Under, originates about seven miles from the crest of the
Grhits, at a spot where the mountain masses separate info two spurs,
Hence it continues level for fourteen miles, gradually widening east-
ward. The Baum river, like the Under, runs at a level of 150 feet be-
low the cultivated lands ; these lands, in fact, being upon one terrace,
the river upon a second and lower terrace.

Vale of the Beema.—The next valley on the north is that of the Beema
river. The river rises on the elevated table-land above the Ghits, at
3,090 feet, and within the first few miles it tnmbles over several terraces.
The valley, for eighteen miles, is oceasionally as narrow as that of the
Mota river.

Vale of the Goreh.—Next on the north oceurs the valley of the Goreh
river, which, from the source of the river to Munchur (twenty-nine
miles), is exceedingly narrow and tortuous. Here it expands into the
broad horizontal plain of Kowta, ten miles wide.

Vale of the Malsej Ghal.—In conclusion, as a contrast to the first part
of the Goreh valley, I must mention the valley of the Malsej Ghit, on the
south of the Dakhun base of the fort of Hurreechundurghur. It isseve-
ral miles wide, and literally as level, even to the brink of the Ghits, as
if smoothed by art. Many of the valleys of the Ghits, particularly that
of the Mool river, from the continued scarped character of the marginal
mountains, and the flatness of the bottom for miles in extent, look like
fosses to a Titan’s fortress.

If all these valleys be valleys of excavation, the present rivers could
scarcely produce such, were we to suppose their powers of attrition in
operation {from the origin of things even to the end of time !

Those of a fissure-like character might have resulted from the up-
heaving of the beds of trap from below the sea, and the consequent
probable fracture of the surface ; but the same explanation will not apply
to those valleys associated with the preceding, broad, flat, and margined
by searped mountains, which valleys are as wide at their origin at the
crest of the Ghits, and at the sources of the rivers which run through
thein, as in-any part of their length,

Terraces.

As the rise from the Konkun to the Dukhun is by terraces, so the
declination of the country eastward from the Ghits is by terraces; but
these oceur at much longer intervals, are much lower, particularly in the
eastern parts, and escape the eye of the casnal observer. In the neigh-
bourhood of Munchur, on the Goreh river, there are five terraces rising
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above each other from the east to the west, so distinctly marked that
the parallelism of their planes to each other and to the horizon gives
them the appearance of being artificial. An artificial character also
pervades the form of many insulated hills; some of which, viewed
laterally, appear to have an extensive table-land on the summit, but, seen
endways, look like truncated cones. Conoidal frustra in the Gawelghur
range have been already noticed. Other insulated hills are triangular
in their superficial planes, as the forts of Teekoneh (three-cornered)

and Loghur.
Lscarpiments.

Stupendous escarpments are occasionally met with in the Ghats. In

these instances the numerous strata, instead ol being arranged in steps,
form a continuous wall. At the Ahopeh pass, at the source of the Goreh
river, the wall or searp is fully 1,500 feet high;* indeed, on the north-
west face of the hill fort of Hurreechundurghur, the escarpment can
scarcely be less than double that height. On the other hand, the steps
are somelimes effaced, and a hill has a rapid slope. This originates in
a succession of beds of the softer amygdaloids, without any basaltie
interstratification ; their superior angles disintegrate, and a slope results.
But most usnally three or fonr beds of amygdaloid are found between
two strata of compact basalt; the former disintegrates, leaving a slope,
which is not unfrequently covered with forest trees, forming a pic-
turesque belt: the basaltic scarp remains entire, or it may be partially
buried by the débris from the amygdaloids above ; but its great thickness
usually preserves it from obliteration, and it rises from the wood below
with majestic effect, its black front being finely contrasted with the rich
and lively green of its sylvan associate, It isthese sirata, arranged in
slopes and searps repeated three or four times, and so commonly met
with in insulated and other mountains in Dukhun, that constitute the
amazing strength of the hill forts of the country, leaving a snccession of
natural walls encireling a mountain. This feature did not escape the ob-
servation of Captain Dangerfield in Malwa, who says, “ From the great
difference in the resistance made to decomposition by these trap and
amygdaloid beds, their exposed ends acquire a very distinet degree of
inclination and character; the amygdaloid forming a great slope, and
affording a loose mould covered with vegetation, the trap retaining its
original perpendicularity and dark bareness.”

In the alternation of the strata there does not appear to be any uni-
formity ; but the general level, thickness, and extent of a stratum are
preserved, as in sedimentary rocks, on both sides of a valley ; the basalt
and hardest amygdaloids being traceable for miles in the parallel spurs

¥ Plate V. fig. 1. + Malcolm’s Central India, Appendix, p. 322
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or ranges ; but the imbedded minerals, and even the texture, vary in
very short distances.

Columnar Basalf.

A great geological feature of Dukhun is the occurrence of columnat
basait. The basalts and hardest amygdaloids run so mueh into each
other that the line of separation is not always readily distingnishable,
excepting of course the lines of horizontal stratification. 1 observed
the prismatic disposition more marked and perfect in the basalt strata
than in the amygdaloids, and the more or less perfect development of
determinate forms was dependent on the compactness and limited
constitnents of the rocks. Basalts and amygdaloids, however compact,
with many imbedded matters, rarely formed columns. Perfect columns
were generally small, of four, five, or six sides; but the prismatic strue-
ture sometimes manifested itself in basaltic and amygdaloidal columns
many feet in diameter. A bare mention of the places where they occur
will testify to their extended localities.

On the low table-land of Kurdah near Serroor, between sixty and
seventy miles east from the Ghits, columnar basalt oceupies an area of
many square miles. Small columns are seen in most of the slopes of
the very narrow sinuous valleys of the flanks of the platform, and fre-
quently the tops or terminal planes of columns are observed on the
table-land forming a pavement. The perfect columns in the flanks are
generally small, four, five, or six-sided, and rest on a stratum ol basalt
or amygdaloid. In some spots the columns are articulated, in others
not. In a mass of columns in the face of the table-land towards Serroor
the columns are of different lengths, but spring from the same level.
More articalations having been washed from the outer columns than from
the inner by monsoon torrents dashing over them, a pretty flight of steps
remains. The eolumns of this table-land are for the most part ereet, but
sometimes stand at varions angles to the horizon, usually at 45°. In
one instance, near the village of Kurdah, they lean from the east and
west, towards a central upright mass : these are about fourteen feet in
length, and are not articulated. In a mass of columns facing the west,
and two miles south of the cavalry lines at Serroor, some are bent and
not articulated ; they are, nevertheless, associated with straight columns,
‘which are articulated. At Karkullah, thirty miles north-west of Poona,
between Tellegaon and Loghur, a hill has been scarped for the great
military road. Very numerous small columns occur in the escarpment, .
and they lie piled upon each other in a horizontal position; the only
instance of the kind within my knowledge in Dukhun. 'T'wo or three
hundred yards west of the village of Yewtee, Purgunna Kurdeh, in the
rocky banks of a rivulet, imperfect columns are seen. On the right
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bank they are so marked as to have excited the attention of the natives
(an unusual event) ; and they are danbed with red lead, in the manner
of Hindoo deities, and venerated.

At Kothool, twenty-two miles south of Ahmednuggur, there is a thick
stratum of close-grained gray homogeneous basalt in the face of the hill
on which is seated the temple of Khundoba. Vertical and horizontal
fissures are seen in the lateral plane or exposed edge of this stratum, but
they are so far from each other as to leave huge blocks between them,
giving the appearance of the superstratum of the hill being supported by
massive articulated pilasters. Parts of the exposed edge are detached
from its mass, leaving tude columns four or five feet in diameter, eight
or ten high, and composed of three or four weighty stones disposed to
assume geometrical forms. In the watercourses near Kurroos, Turraf
Ranjungaon, columns are observable. The basalt is bluish gray, com-«
pact, bas a vitreous hue and sharp fracture. The columns occur very
abundantly in the slope of the hills, on either side of a very narrow valley
running westward from the village of Ankoolner, Ahmednuggur Collee-
torate. They are five or six-sided, articulated, and from a foot to two
feet and a half in diameter, and of various lengths ; the lateral planes
perfect, but in some instances the sharpness of the angles has been
affected by weathering. The texture is close-grained, colour almost
black, and they affect the needle.

At Jehoor, near the source of the Seena river, in an insulated hill, an
obscure columnar disposition is met with in a rock, in which in other
places I had not seen the slightest trace of it. A stratum of red, cellular,
amygdaloid, filteen feet thick, has sub-columns in its exposed edges eight
or ten feet in diameter. In the banks of a watercourse running into the
Hunga river, half a mile east of Parneir, on the elevated table-land
between the cities of Ahmednuggur and Joonur, basaltic columns are
very numerous; they are five or six feet high, not articulated, and are
not quite perpendicular. This formation is evidently extensive, as the
ends of columns, chiefly pentangular, appear in the bed of the water-
course for some distance, forming a pavementof geometrical slabs. The
ends of columns of different lengths also appear in the southern bank at
intervals, forming flights of steps. The basalt of which these columns
are composed is very close-grained, almost black, with shining specks
of a metallic lustre. The rocky banks of the Kokree river at Jambut, in
the plain of Joonur, exhibit a strong inclination to a large columnar
gtructure. In the hill fort of Singhur, at an elevation of 4,162 feet, at the
western end of the fort, there is a sheet of rock which has the appear-
ance of a pavement of pentangular slabs. The slabs are no doubt the
terminal planes of basaltic columns. The same is observed in the hill
fort of Hurreechundurghur, about seventy miles north of Singhur; alse

# Wi
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in the bed of a watercourse one mile north-east of Barlonee, near the
fortress of Purrunda, 112 miles east-south-east of Singhur; and, lastly,
in the bed of the Mool river at Gorgaon, Poona Collectorate. These
pavements extend to Malwa, as Captain Dangerfield mentions their
ocenrrence in the beds of the Chumbul and Nerbuddah (Nermada)
vivers.®* The other localities of basaltic columns, or a marked disposi-
tion to this structure, were in a well at Kumlepoor, between the fortress
of Purrunda and Barlonee, near the left bank of the Seena river; at
Kheir, Turruf Raseen, in the face of a headland, abutting on the Beema
river, on which the town stands in the ascent to the temple of Boleshwur,
Turruf Sandus, Poona Collectorate; and, finally, in the scarps of a
mountain running down into the Konkun, and seen from the Naneh
Gihit, about three miles distant. Here the Giant’s Causeway in Ireland
is brought to mind ; but the scale of the mountain is infinitely more
magnificent, being fully 400 feet high. There is a double row of
columns; but from their inaccessible sitnation T could only examine
them through my telescope, and cannot testify, therefore, to their perfect
development; but the accompanying sketch (Plate VI. fig. 1) will give a
just idea of their appearance to me.

Captain Dangerfield only once speaks of columns. They lie about a
mile from the Nerbuddah (Nermada), between Mundleysir and Mhysir,
at 696 feet above the sea: they are either vertical or highly inclined.
General Hardwick has published a lithographic sketch of them.t Ihave
already stated that Dr. Voysey found columnar basalt in many places in
the Gawelghur range.

Bckistose' Struciure.

Following the preceding formation, [ may mention, that in some few
places a schistose structure was met with; but its extent was limited to
a few yards, the lamelle were vertical, from an inch to three inches in
thickness, being perfecttables, with parallel bounding planes. The rock
in which this structure occurs is a simple, indurated, gray clay, which
flies into fragments under slight blows from the hammer. At Dytneh
near Serroor some very perfect specimens have led the inhabitants to
connect mystic influences with so artificial a development of inorganic
matter. The spot is danbed with oil and red lead, and venerated.

Ba_mit en boules.,

Another characteristic feature is the general diffusion of those rounded
or oval masses of compact basalt, with concentric layers like the coats of

an onion, which the French geologists denominate * Basalt en boules,”
and ourselves nodular basalt.

* Maleolm’s Central India, Appendis, pp. 329, 330, T Ihid, p. 323,
13 g
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These concretions are usually found at the base of hills, buried in the
débris from the decomposing strata; but in the Konkun, between Choke
and Campolee (the latter at the foot of the Bore Ghat), two villages on
the high road between Bombay and Poona, T met with them lying on
the surface over a considerable area. They occur in a similar manner
on the table-land of the ball-practice hill at Poona. At Koothool (already
mentioned), in the slope of the hill, and in the débris at its base, and
along the edge of the table-land near Paubul, they are abundant ; but
the finest specimens are seen near the village of Karkullah, thirty miles
north-west of Poona, associated with horizontal basaltie columns. The
hill has been cut away, to form the great military road. In making the .
escarpment the balls were met with, and it being impossible to cut
through the nuclei in vertical sections, it was either necessary to leave
them projecting or to remove them altogether: in the latter case cavilies
remained eqnal to the hemispheres of the nuclei; and the vertical sections
display from ten to fifteen concentric layers of friable gray stone, which
in some instances I have found to affect the needle. I compared speci-
mens of the nuclei with a mass brought by me from the Solfatara at
Naples, and found them quite similar in aspect, colour, hardness, and
great weight. This formation excited the attention of those gentlemen
who have visited the northern and eastern parts of the great trap region ;*
but Dr. Voysey was guite mistaken in supposing it formed the basis of
the Western Ghits. Captain Coulthard speaks of it in Sagar.} DMajor
Franklin also noticed it in the trap of Sagar, in lat. 23° 51/, and long.
78° 44/, at 1,933 feet above the sea, as “{requently globular; the nuclei
of the decaying masses varying in size from an egg to a large bomb-
shell, and their decomposing concentric lamelle being generally very
thin, and often very numerous.”§

Dikes.

I now pass to the basaltic dikes, several of which came under my
notice in different parts of the country. They are all vertical, and I did

* Dr. Voysey says, *“ The nodular wacké or basalt is one of the most common forms of trap
in the extensive districts composed of the rocks of the family south of the Nermada ( Nerbuddah)
river. It occurs perpetually in the extensive and lofty range of mountains (the Gawelghur)
situated between the Purna and Tapti rivers, and appears to form their principal mass. It 1s
found equally abundant throughout the whole of Berar, part of the provinces of Hyderabad,
Beeder, and Sholapoor, and appears to form the basis of the great western range of trap hills
which separate the Konkun from the interior of the Dukhun.”—Pihysical Class, Asiatic
Researches, pp. 126, 189,

FhE The baze of the lulls 1s ill'.'lll‘il!.bl_'l,l' broader than the summit; and if the sides of a hill are
smooth and even, balled trap, often a concentric lamellar variety, will he the principal component
matter, decomposing and decomposed into a predominating workable clay, still showing the
parallel converging layers,”"—Ibid, p. 8. :

3 Ihid, p. 30,
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not ohserve that they occasioned any disturbance or dislocation in the
strata of basalt and amygdaloid, through which they passed.

Two dikes run obliquely across the valley of Karleh (35 miles north-
west of Poona), and intersect each other; they are about four feet thick
and cut amygdaloidal strata. A prismatic disposition is cenerally
ohservable in the fracture, and from one of them I obtained a square
prism, which lay at right angles to the walls of the dike. The texture
is compact. The military road running throngh this valley and down
the Bore Ghit to Panwell is frequently crossed by ridges which I
presume to be the outerops of dikes. A dike is seen on the southern
slope of an insulated hill, near the villages of Bosree and Digghee, 73
miles north of Poona.®* It is about four feet thick, has a transverse
prismatic fracture, is compact, and runs from the bottom to the top of
the hill; but it is not discoverable in the northern slope. It is visible
from the cantonments at Poona. A similar dike occurs in the hill at
Ombreh, twenty miles north-north-westof Poona. But the most remarl-
able dike runs vertically, from east to west, through the hill fort of
Hurreechundurghur. It is first seen, of a thickness of six or seven feet,
in the ascent of the mountain on the sonth-east from Keereshwur, about
400 feet below the erest of the secarp. The path of ascent into the fort is
intersected by it, and its prismatic [racture, at right angles to its planes,
offers a few available steps in the aseent. Tt is traceable for about 300
feet in perpendicular height. On the top of the mountain, within the
fort, about a mile to the westward, it is discoverable at intervals, eutting
through basaltic and amygdaloidal strata. I could not ascertain whether
or not it appears in the western scarp of the mountain, the point to
which it direets its course being wholly inaccessible.

The gentlemen whose geological memoirs [ have quoted rarely advert
1o the subject of trap dikes, and their notices are very brief. Captain
Dangerfield says, “The trap of the southern boundary of Malwa is much
intersected by vertical veins of quartz, or narrow seams of a more com-
pact heavy basalt, which appears to radiate from centres.”f Beyond
the continuous trap region of the peninsula, Dr. Voysey notices a basaltic
vein in syenite, near the Cavary river at Seringapatam, which must have
been propelled upwards, as it broke through an oblique seam of horn-
blende in the syenite, and carried the pieces up above the level of
the hornblende vein.f #On the eastern coast,” Mr. Calder says,
“from Condapilli northward, the granite is often penetrated and

apparently heaved up by injected veins or masses of trap, and dikes of
greenstone.”§

* See Plate V. fig. 1. + Malcolm’s Central India, Appendix, p. 330.
1 Physical Class, Asiatic Researches, part i. p. 22 § Thid, part i.p. 10
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Ferruginous Clay.

The next distinctive feature is the occurrence of strata of red ochreous
rock, in fact, MacCulloel’s ferruginouns clay underlying thick strata of
basalt or amygdaloid, precisely as is seen to be the case in the Giant’s
Causeway in Ireland. Tt passes through every variety of texture, from
pulverulent, friable, and indurated, to compact earthy jasper. The stra-
tum is from an inch in thickness to many feet. The rock makes a red
streak on paper, with the exception of the very indurated kinds, and
does not affect the needle. It is pulverulent near the basaltic columns
at Serroor, friable under sub-columnar red amygdaloid, near the source -
of the Seena river, indurated under basalt at Kothool. Although hard,
it is here so cellular as to have the appearance of sponge, and, reduced
to powder, looks like brickdust. L

In the scarps of the hill fort of Hurreechundurghur and a mountain
near Joonur, in which are excavated numerous Boodh cave temples, it
is found compact and homogeneous, and is, in fact, an earthy jasper.
In these localities it lies under from 300 to 600 feet of basalt. In the
former locality it is about three feet thick, in the latter one foot. At
Nandoor, north-north-west of Ahmednuggur, in the valley of the Goda-
very river, it is found as a porphyritic stratum many feet in thickness,
and is used as a building stone. The imbedded matter consists of very
minute crystals of lime. At Wangee, lying nearly in the latitude of
Barlonee, but differing 18 miles in longitude, and at Barlonee, it occurs
as an earth; as both places lie on the same level, T have no doubt
the stratum is continuous between them. It occurs abundantly in the
Ghats, frequently discolouring the rivulets, and giving a ferruginous
character to the soil over a considerable area. When thin, and under
heavy beds of basalt or amygdaloid, the exposed edge of the stratum
projects, is rounded, and double the thickness of the stratum itself, as
if it had once been in a tenacious fluid state, and squeezed out by the
superincumbent basalt. Such is the case at Jehoor, and an illustrative
specimen accompanies this paper.

Pulverwlent Limestone.

Limestone is met with, in the Dukhun, only in three states : pulve-
rulent, nodular, and crystalline. The first occurs in thin seams on the
banks of rivers and watercourses and at the base of hills in débris.
The seams are {rom an inch to three feet in thickness, covered by a few
feet of black earth. Sometimesin whiteness it resembles pounded chalk,
and is then used by children to smear their writing boards.

Tn this state it oceurs at Jehoor and Islampoor, near Ahmednuggur.
At Kurkumb and at Salseh, ten miles south of the fortress of Kurmaleh,
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it is met with under black earth in unusnally thick sirata, and of a pe-
culiar whiteness. Major Franklin notices * a stratum of earthy lime-
stone, white as chalk, at Sagar, occurring under a stratum of amorphous
uap.’*

Nodular -Limestone.

The nodular limestone, which is the well-known kunkur} of India
(kunkur being a native word for nodule), occurs, like the preceding,
disseminated or diffused in the soil, and also on the surface. T have
never seen the nodules of a regular erystalline form. ‘They vary in size
from a marble to a twelve-pound shot, and many of them are exceed-
ingly irregular in shape, particularly those dug from the banks of rivers.
They are sometimes obscurely lenticular. They are so abundant in
certain localities that they appear as if showered upon the earth, and
disguise its colour. Dr. Buchanan mentions the same in Rajmahl.
When upon black soil they are usually minute and tolerably uniform
in size; on other soils their form is variable. In the Ghats neither pul-
veralent nor nodular limg, is met with. It is unnecessary to particu-
larise the localities of the nodular kind, as it is of common oceurrence
eastward from the hilly tracts of the Ghits, and is the only source of
lime for mortar, a class of persons making a livelihood by collecting the
larger nodules. When carefully burnt, they make an excellent cement.
Captain Dangerfield describes “the occurrence (in Malwa) in some
parts, particularly near the bottom of the small hills and banks of the
rivulets, of a thin bed of loose marl or coarse earthy limestone.”§

Captain Coulthard says, * In Sagar a white patch of this limestone
mouldering by the weather is the source from whence comes the parti-
cles of kunkur, mixed with the black basaltic earth of the neighbouring
valley, in such proportion as to add increased fertility to it; and if a
rivalet meanders through that valley (and such is generally the fact),
patches, made up of aggregated particles of the same, will here and
there be found ; and this it is which the native families pick out and
work into lime.’§ Captain Coulthard refers the origin of the nodules
to limestone rock underlying basaltic strata, but I cannot trace them to
such a source, not having seen strata of compact limestone, properly so
called, in the Dnkhun. The only specimen of compact limesione met
with by me was in the bed of the Beema river near Puandurpoor. It
was an insulated, amorphous, gray mass, four or five feet in diameter.
I looked upon it as an aggregation of the pulverulent particles of the

* Physical Class, Asiatic Researches, part i. p. 30.

T The Mahratta word is not spelt with an * a.”

1 Maleolm’s Central India, p. 328.

§ “Trap of the Sagar District,” Physical Class, Asiatic Researches, p. 60.
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lime disseminated in the neighbouring banks. A specimen of it ac-
companies this paper. '

Crystalline Limestone.

Lime in a crystalline state occurs only as an imbedded mineral in the
amygdaloidal strata, in quartz geodes, and in the nucleus or compact

part of masses of mesotype or stilbite. It is rare compared with the
preceding varieties,

Loose Stones.

Another feature of Dukhun is the occurrence of immense quantities

of loose basalt stones, as if showered upon the land ; also masses of rock

heaped and piled into mounds, as if by the labour of man. Their par-
tial distribution is not less remarkable than their abundance. For the
most part, the stones have a disposition to a geometrical form, and it is
by no means rare to meet with prisms of three or four sides and eubes
almost perfect : stones with one or two perfeet planes are very common.
Their texture is close-grained, and the colour verging to black.

At Dehwuree, Hungawaree, Behloondee, Kothool, and Dytneh, in the
Ahmednuggur Collectorate, they are very abundant. At the last place
they cover fields several acres in extent so thickly that the black fertile
soil on which they rest is not discoverable : they vary from an ounce to
several pounds in weight. Amongst these I picked up a perfect square
prism. In neighbouring fields, most unaccountably, there is not a stone
to be seen: patches of sheet rock oceur in their vieinity. Other loeali-
ties are the top of the Neem Durra Grhit near Ahmednunggur; the junc-
tion of the Beema and Seena rivers below Mundroop; right bank of the
Seena at Kurmaleh; between Knrjut and Meerujgaon; and generally
it may be stated that the precipitous slopes of the low table-lands of the
Desh (open or flat country) are very strong and rocky. For ten miles
between Jeetee and Soagaon, Ahmednuggur Collectorate, the fields,
and even the road, are so thickly strewn with large basalt stones as to
render caltivation difficult and travelling penible.

Rocky Heaps.

The singular heaps of rocks and stones above noticed oceur at Kanoor,
Patus, Kheir, between Kurjut and Meernjgaon, and at other places in
the Desh, but not in the Mawals, or hilly tracts of the Ghits. The
heaps are from twenty to seventy feet in diameter, and the same in
height: when composed of rocky masses without small stones, blocks
of three or four feet in diameter and with a disposition to determinate
forms, are piled upon each other, constituting rude pillars. In certain
parts of the country from fifty to sixty of these heaps are seen within the
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area of a couple of square miles, and it excites surprise that the inter-
mediate ground is destitute of stones,

Sheets of Rock.

Mention must not be omitted of the constant recurrence of sheets of
rock of considerable extent at the surface, and totally destitute of soil ;
this is particularly the case in the Mawals, or hilly tracts along the
Gihits., They abound with narrow vertical veins of quartz and chalee-
dony. When of sufficient thickness, the vein splits in the centre, parallel
to the surface of its walls, the interior being drusy with quartz erys-
tals : the walls consist of layers of chalcedony, cachalong, hornstone,
and semi-opal. - These veins supply the majority of the siliceous mine-
rals so abundantly strewed over Dukhun.

The localities where the sheets of rocks particularly struck me were
Lakungaon, on the plain of Joonur, and generally in the valley of
the Goreh river ; at Kothool, Purgunna Kurdeh ; at Kheir and Raseen ;
in the hill fort of Hurreechundurghur; most markedly between Kool-
durrun and Pairgaon on the Beema river. At Aklapoor, on the Mool
river, they were very extensive; and at Angur, Mohol, Kurjut, and
Patkool. Generally, in the eastern and south-eastern parts of my
tract, much decomposing amygdaloid is found at the surface of the low
table-lands or terraces, which, in favourable monsoons, is equal to the
support of Jowaree ;* but a small deficieney in the rains occasions the
destruetion of the crop.

Structure and Mineral Composition of the Trap Rocks.

The structure and mineral composition of the trap rocks in Dukhun
vary exceedingly in short distances, even in the same stratum ; never-
theless the predominant character does not disappear, although the
basalt in a continuous bed may pass several times from close-grained,
compact, and almost black, to gray, amygdaloidal, and externally de-
composing. The same observation applies to the amygdaloids. A
variety of compact basalt, of an intense green colour, is susceplible of a
brilliant polish, and rivals the celebrated Egyptian kind. It is of great
weight and remarkable hardness : the natives use it to work into idols
for their temples, pedestals to the wooden columns in their mansions,
and slabs for inscriptions. 'The bulls of the size of life, always placed
belore the temples of Mahadeo, are cut out of this variety at Raseen,
Waurwund, and the renowned Boleshwur. Some of the pedestals in
the galeway of the Mankeswur palace at Teimboornee look like mirrors.
In the temple at Pooluj, south of Punderpoor, there is a slab six or seven

* Andropogon Sorghum,
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feet long and 2} broad, covered with an inscription in the Kauree lan-
guage ; and in Punderpoor the streets are paved apparently with the
same basalt. At Jehoor, and near Ahmednuggur, is found a compact
kind like the last, but not so heavy. It has a crystalline character and
sharp fracture, and has angular siliceous pebbles imbedded : an ocea-
sional pebble is loose in its cell. In the Happy Valley near Ahmed-
nuggur the basalt is compaet and smooth, with reddish, flat, transparent
crystals imbedded. Tt opposes a feeble resistance to the hammer, and
flies into fragments, some of which have right angles. The basalt, even
of the true columns, iz not of a uniform texture in different localities @

at times it is blackish or gray, and very small, granular or compact; at-

others, earthy and ferruginous, particularly externally. The basis of
the amygdaloids is clay, with' more or less hornblende disseminated :
they embrace the cellular, porphyritic, hard, friable, and decomposing.
I endeavoured to class them agreeably to the prevalence of quartz,
chaleedony, lime, mesotype, or stilbite, as imbedded minerals, but found
the method of very limited application. Sometimes one mineral only is
imbedded, occasionally two, and often the whole.

In Hurreechundurghur quariz amygdaloid prevails: at Aklapoor, on
the Mool river, it is characterised by mesotype, that mineral being
imbedded in large masses, and the radii (six or seven inches) are the
longest I have seen. At Nandoor it is porphyritie with minute erys-
talline specks of lime : near Ahmednuggur is seen a cellular, indeed
spongiform kind, which is hard, and the cells are empty. A small
cellular and pisiform variety is found in the wonderful cave temples
of Ellora, and some of the sculptured figures appear as if marked by
the small-pox. This observation is partially applicable to the Boodh
and Hindoo cave temples of Elephanta, Salsette, Karleh, Joonur, the
Naneh Ghat, and the Adjunteh Ghit; all of which are excavated in
basaltic or amygdaloidal strata. The stilbite or Heulandite amygdaloid
is of very common occurrence ; but the most prevalent kind is that in
which all the minerals noticed above are associated. The stone usually
selected for building is of various shades of gray or bluish gray ; has
hornblende disseminated in very small erystals, works much easier
than some of the compacter basalts, but takes a good polish. The
entire temples of Koorul and Boleshwur, with their innumerable alto-
relievo figures and laboured ornaments, are built of this variety of trap,
which is, in fact, a greenstone, although less erystalline than the European
rock., There is a variely selected carelessly, also used in building,
which has the structure and nearly the external characters of the last,
but which, in weathering, exfoliales, and the buildings fall to ruin;
such is the case with the great temple in Hurreechundurghur.

I must not omit mention of two remarkable rocks which, as far as my
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reading extends, have not been noticed by authors on European geo-
logy. The first is an amygdaloid in which compact stilbite isimbedded
in a vermicular form. One of its localities is the insulated hill on
which stands the temple of Parwuttee in the city of Poona ;* and it is
met with in many other places. Captain Dangerfield observed the
same peculiar stratum near Sagar. He says, ¢ There occurs an amyg-
daloidal or porphyritic rock, consisling of a eompaect basis of wacké, in
which are imbedded, in great abundance, small globular or uniform
masses, but more usually long curved eylindrical or vermiform crystals
of zeolite.”}

The other rock occurs as a thick stratum of amygdaloid at the eleva-
tion of 4,000 feet, in the hill forts of Hurreechundurghur and Poorun-
dhur; and in the bed of the Goreh river at 1,800 feet, near Serroor.
The matrix resembles that of the other amygdaloids, but the mineral
imbedded is a glassy felspar in tables resembling Cleavelandite, cross-
ing each other at various angles, and so abundant as to occupy a moiety
of the mass. I have only remarked it in the above localities, and it
does not appear to-have come under the notice of the gentlemen I have
go often quoted in other parts of the Peninsula,

Minerals.

Minerals are not uniformly dispersed in Dukhun. In one part quartz
predominates, in another chalcedony; and these are more or less asso-
eiated with jaspers, agates, hornstones, heliotrope, and semi-opal or
cachalong. In other places particular members of the zeolite family
prevail, nearly to the exclusion of the siliceous class; and else-
where there is a diminution of minerals amounting almost to privation.
Amethyst quartz is rare in Dukhun; when met with it constitutes the
erystal lining the interior of geodes of agate. I have not seenitin veins,
Pseudomorphous quartz is common ; the most frequent impression
is that of rhomb spar. Lime occurs only in three ecrystalline forms :
rhomb, dogtooth, and the dodecahedron. The first is found on the sur-
face, and imbedded in masses of quartz and compact mesotype ; the two
latter forms are associated with ichthyophthalmite in cavities in the
amygdaloid strata.f

The following are a few of the mineral localities :—

At Kothool, south of Ahmednuggur, the numerous quartz and chal-
cedony veins cover the country with agates, colourless quartz crystals,
and chaleedony ; some of the specimens are fully a foot thick, in-

¥ Bee Plate V. fig. 2, near to the city of Poona.,
1 Central India, p. 328,

% That comparatively rarve European mineral, ichthyophthalmite, is most abundant and of

great beauty in the neighbourhood of Poona,
14 g
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cluding both walls of the vein. Here are met with some few erystals of
calecareous spar enclosed in quartz. At Ahmednuggur, to the above
siliceous minerals some members of the zeolite family are to be added,
principally stilbite. At Nandoor, on the plain of the Godavery river,
the zeolites disappear, and the siliceous minerals are limited in num.
ber. On the contrary, at Jamgaon, eighteen miles west of Ahmednug-
gur, on the upper terrace or platean, in addition to all the minerals
enumerated, bits of yellow and red jasper and heliotrope ocenr. Ascend-
ing the Mool river from Nandoor, at Aklapoor, great masses of mesotype,
with radii several inches long, are found imbedded in friable amygda-
loid. North of Aklapoor, at Gorgaon, a new mineral occurs in a mass |
two feet in diameter. Its depth I do not know, as it lay partly buried
in the amygdaloid bed of the river: its colour green, and breaking into
rhombs. Gorgaon is the only locality known to me of this mineral. Tts
measurements are those of calcareons spar, but the specific gravity is
less. Tt is stated to be coloured by green earth. It is interesting from
being unknown in the cabinets in England.

A few miles further up the Mool river, at the village of Chas, in the
shoulder of a hill formed of numerous thin horizontal beds of decom-
posing amygdaloid, many specimens of cloudy caleareous spar, imbed-
ded in stilbite, are found, and the siliceons minerals are rare. Ascend-
ing to the source of the river the same scarcity prevails. Three miles
south-south-west of Chas, at Brahmunwareh, great masses of stilbite, of
the radiating foliate kind, are imbedded in hard amygdaloid. In the
hill fort of Hurreechundurghur, although siliceous minerals are not
abundant, erystallised quartz of various colours is seen, a feature not
characterising the Desh or open country. South of Ahmednuggur, as
far as Soagaon on the Beema river, and Meerujgaon on the Seena river,
the Ahmednuggur minerals prevail ; hence, descending the Beema to its
junction with the Seena, a gradual diminution takes place, and at the
junction they almost disappear; returning north, at Ashtee, between
Kuarkumb and Mohol, a few are met with. At Oondurgaon, and up
both banks of the Seena river to Purrunda, numerous and very fine spe-
cimens of milk opal, with a flame-coloured tinge in transmitted light,
are found on the surface; and this is the only locality where T met with
opal as a distinct mineral; and here the members of the zeolite family
are- very rare. At Tudwull, between Oondurgaon and Barlonee occur
the only specimens of black calcareous spar seen by me in Dukhun; it
is associated with transparent calcareous spar. In excavating wells in
the cantonments at Poona, splendid specimens of ichthyophthalmite
were brought to light; and generally in the bed of the river Mota-Mola
and the neighbourhood, fine specimens of heliotrope and coloured quartz
occur. The other minerals are nadelstein, analcime, chabasite, and
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laumonite. Captain Dangerfield’s details prove that the minerals of
Malwa are identical with those of Dukhun.

Natural Salts.

Only two kinds of natural salt came under my notice, namely, muriate
and carbonate of soda.

With respect to the former, many of the wells at Ahmednuggur are
brackish; and there is a rivalet running into the Seena river about two
miles north-west of the city, which has its source a few miles distant,
called the Salt Brook. It passes over a saliferous soil ; and in its dry
bed, or on insulated stones standing in its stream, are incrustations of
common salt intimately mixed with carbonate of lime. No use is made
of thissalt. The saline impregnation of the soil extends to some distance
west and north-west of Ahmednuggur, as I found a handsome well at
Kurjooneh, eight miles distant, filled with water so brackish as not to be
available for domestic use. At Wurgaon, between Kurjut and Pairgaon,
a peculiar hoary appearance ofa patch of ground in the midst of withered
grass led me to examine it. The whiteness was occasioned by lime in
minute particles, mixed with a little muriate of soda.

The third locality of common salt was in the bed of a rivulet at Koond
Mawlee, near the falls on the Kookree river, between Serroor and Kowta.
A little common salt, with a trace of carbonate of soda, appeared,
encrusting the rocky bed for a few feet near the water line. T did not
observe common salt elsewhere. My attention was first directed to
carbonate of soda at Serroor, by observing washermen digging for earth
in the banks of a rivulet; learning that they used it to wash their clothes,
I obtained a quantity, lixiviated the earth, boiled down the lixivium,
and on cooling obtained a large crop of crystals, which the usnal tests
indicated to be carbonate of soda. I only met with one other bed, although
1 bave no doubt they are numerous. At Kalbar Lonee, twelve miles
east of Poona and two miles south of the Mota-Mola river, within an
area of 200 yards, a constant moisture and partial absence of vegetation
is observed. An efllorescent matter appears on the surface every
morning, which is carefully swept up and sold to washermen: it is
carbonate of soda. The occurrence of salts in the trap formation did
not escape Captain Dangerfield’s notice. He states that “the banks of
the Nerbuddah (Nermada) near Mundleysir, consist of an upper thin bed
of vegetable mould; a central bed, chiefly of indurated marle, strongly
impregnated with muriate of soda; and a lower bed, of a reddish hue,
with much carbonate of soda. In the dry season these salts form a thick
efllorescence on the surface of the bank.”* Saltpetre is manufactured

* Maleolm’s Central India, p, 324,
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in Dukhun, not from nitrated soils, but from the scrapings of old walls.
T have also seen specimens of muriate of ammonia obtained by the brick
and tile-makers in burning dung, stable and other refuse matiers in
their kilns,

Ovres,

No other ore than that of iron is found in Dukbun. Itis only worked,
to my knowledge, at Mahabuleshwur, at the source of the Kristna river.
It oecurs as a nodular hematite, associated, I understand (for I have not
been at the spot myself), with laterite. This ore produces the celebrated
Wootz steel.

Organic Remains.

I did not meet with organic remains of any kind whatever. Captain
Coulthard* in Sagar, Major Franklin in Bundelkand, and Captain
Dangerfield in Malwa, were equally unsuccessful. Dr. Voysey, indeed,
mentions a bed of fresh-water shells in a stratum ofindurated clay near
the Tapty river in the Gawelghur hills; also at Medconta 2,000 feet
above the sea, on trap; but these may have been recent, as he does not
say to the contrary.f Mr. Calder, in his general observations on the
Geology of India,f says, “ But hitherto the most striking phenomenon
in Indian geology is the almost total absence of organic remains in the
stratified rocks and in the diluvial soil.” As this must have been written
with a knowledge of Dr. Voysey’s paper, it being in the same volume
with his own, it is probable he considers the shells recent.

Thermal Springs.

Thermal springs do not exist in Dukhun within my limits ; but there
are three distant localities in the Konkun below the Ghits, where hot
water gushes up from numerous crevices in trap rocks over an exten-
sive surface.

The first is at Vizrabhaee, forty-eight miles north of Bombay, where
the principal springs are in the bed of a river, and in the monsoon are
consequently lost in the swollen stream; but in traversing the jungle
in the vicinity I have met with detached pools of hot water, which are
unaflected by the rains; their temperature is very high. The second
locality is that mentioned by the late Dr. White, of the Bombay army.
The hot wells are called Devakl Unei, and are filty miles south-east
from Surat,§ at the foot of some hills ; the temperature in the different
springs ranges from 111° to 120° Fahr. They are spoken of as being
in the vicinity of Anaval and Veval, but as these places, agreeably to

* Physical Class, Asiatic Researches, p. 81. 1 Ibid, p. 194.
1 Ibid, p. 16, § Transactions of the Royal Asiatic Society, 1833,
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the map of India, are only thirty miles from Surat, there is evidently
some mistake with regard to the distance. The third locality is at
Mahr, on the Bancoot or Fort Viectoria river, about seventy-five miles
south of Bombay. I know of these springs only from report. The
whole of the above springs, extending through 3° of latitude, lie nearly
in the same parallel of longitude (73°), and are within twenty-five
miles of the sea.

In a manuseript report to the Government of Bombay, on the pro-
vince of Khandeish, Colonel Briggs has the following passage testifying
to the ocecurrence of thermal springs above the Ghits :—

¢ Among the natural curiosities of Khandeish are the bot springs of
the Satpoora hills, particularly those of Soonup Deo and Oonup Deo,
the former in the district of Arrawud, and the latter in the deserted
Purgunna of Amba. The former is so hot that the hand cannot be
borne in it: the latter is less ardent, and is used as a hot bath; they are
both said to possess medicinal qualities, and are considered useflul in
the cure of cutaneous disorders,—amongst others, leprosy.”

Dr. Buchanan speaks of hot springs at Rishikunda and Bhimband in
the trap mountains of Rajmahl;* and the Rev. Mr. Everest mentions a
thermal spring associated with a trap bed at Katcamsan, between the
93rd and 24th parallels of latitude, and longitude 86° and 87°.f Dr.
Adam mentions that of Sitakhund near Monghyr on the Ganges.f Dr,
Davy speaks of one at Cannina, Ceylon ;3 and I am informed they are
to be met with in Canara. Mr. Crow, formerly commercial agent of the
Bombay Government in Sind, in his manuseript reporls, mentions a
thermal spring near Corachee on the Indus, of which the water is al-
most boiling hot. In Major Cruickshank’s manuscript revenue map of
part of Goojrat a hot spring is placed at Tooee, near Ruttenpoor on the
Mhye river, in latitnde north 22° 49, and longitude east 73° 30’; and
there is another at Lawsoondra, eighteen miles west-north-west of
Tooee. These instances, which I am satisfied could be multiplied by
diligent inquiry, afford ample proof of the wide occurrence in the
peninsula of India ol those singular ph@nomena, the satisfactory ex-
planation of the causes of which is still a desideratum in geology.

Craters.

~ Voleanic products were not seen by me, nor any conformation of the
hills that might be deemed an extinct crater; although the porcelain
and ferruginous clays, and the exterior coat of the various quartz and
jasper minerals indicate their having been exposed to igneous action.

* Gleanings of Science, vol. i. p. 36. + Ibid, May 1831, p. 135,
1 Geol. Trans, 1st Series, vol. v. p. 349, § Ilnd, p. 313.
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Captain Dangerfield did not meet with volcanic matters or cralers in
Malwa or the Vindhya range, but states a tradition exists of the cele-
brated city of Oogein, and eighty other places having been destroyed at
a remote period by a shower of earth; and the people say that in the
Vindhya range and Rajpeeply hills there are hollows near their sum-
mits “sometimes filled with water, which may be craters.”* As the
old city of Oogein stood upon a river constantly overflowing its banks,
it was probably buried in allavium. Mr. W. Hunter attributed its de-
struction to one of three causes,—earthquake, overflowing of the Seeprah,
or drift earth by high winds; and, although the least probable of the
three, inclines to drift earth. He states there are not any traces of
voleanic agency in the buried city, nor in the neighbourhood.t The
remains of the city of Mhysir, on the banks of the Nerbuddah (Nerma-
da), are found in alluviam. We may safely say, therefore, there are not
any indications of volcanic action of a comparatively recent date.

Extent of Trap Region, &c.

I will now offer a few observations on the amazing extent of the trap,
laterite, nodular limestone, granite, and gneiss formations in the Penin-
sula, limiting their application to 25° of north latitude. My personal
knowledge of the country extends from the sea on the western side to
Aurungabad, in 75° 33/, and Sholapoor, 75° 53’ east longitude ; north
nearly to Khandeish, and south to Beejapoor and the Kristna river. Cap-
tain Dangerfield takes up the country on the north, nearly where my
knowledge of it terminates, and says, “ It (Malwa, including the Vindhya
range) appears to conslitute the northern termination of a very extensive
secondary trap formation, which extends from the extremity of the
Dukhun, and probably even Mysore, forming all the country above the
Ghits, and part of the plains below, on the western side of the Penin:
sula, including the islands of Bombay, Salsette, Elephanta, &ec.”} He
carries the continuous trap north to Neemuteh, in latitude 24° 27/, at 1,476
feet above the sea. Its western limit is at Dohud, longitude 74°. Major
Franklin and Captain Coulthard take it up in the eastern limits of
Malwa, and trace it through Sagar; and it continues to an unknown
extent towards Sohagpoor and the source of the Nerbuddah river, on
the table-land of Amarakantah, in longitude 82° east. Dr. Voysey
describes its eastern limits at Nagpoor, latitade 21° 10’ N, and longi-
tude 79° 14’ E., at 1,000 feet above the sea. Mr. Calder states it passes
from Nagpoor southward by the confines of Hyderabad, as low as the
15th degree of latitude, and taking a north-west direction terminates on

* Maleolm's Central India, Appendix, p. 322 T Asiatic Researches, vol. vi. p. 39.
t Maleolm’s Central India, Appendix, p. 320,
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the sea-coast at Bancoot or Fort Victoria, in latitude 18°.  Butspecimens
of rock shown to me from the Kolapoor country above the Ghats, between
the parallels of latitude 16° and 17° N., bear testimony to the trap
extending nearly a degree and a half further south along the Ghats than
Mr, Calder supposed. Indeed its southern limit in the Konkun, Mr.
Fraser states to be at Malwan, fifty miles north of Goa.* From the
above evidence we have proofs of a continuous trap formation covering
an area of from 200,000 to 250,000 square miles, a phenomenon
unexampled in any other country whose geological structure has been
examined. It appears to me, however, that the above are not the abso-
lute limits of the trap. Dr. Buchanant{ and Mr. Jonesi describe the
Rajmahl hills in latitude 25° and longitude 88° to 89° E. as trap ; the
latter says the basalt is of amazing thickness. The Rev. Mr. Everest,§
in a journey from Calcutta to Ghazipoor, passed four distinet broad
beds of trap between the parallels of north latitude 23° and 24°, and
longitude 84° and 87°. He states these beds to have an inclination to
a common axis, and he thinks it probable they are connected beneath
the granite and gneiss. Mr. Royle, travelling the same route, observed
the same beds. Mr. Everest’'s diagram shows their longitudinal axis
on a line between the Rajmahl hills and the sources of the Nerbuddah
and Soan rivers; and as the trap of the Vindhya range and Sagar
extends towards these sources, it is very probable the ramifications are
connected with the beds (seen by Mr. Everest) and the Rajmahl hills,
forming a belt across India from the 73° to the 89° of longitude, ex-
tending, in fact, from near the mouth of the Nerbuddah river to the
Ganges at Rajmahl. The southern limit of trap is much lower than is
assigned to it by Mr. Calder, as Dr. Voysey describes a basaltic dike
at Seringapatam, in latitude 12° 26’; and Mr. Calder himself mentions
partial deposits of overlying rocks as far south as Cotallum, at the ex-
tremity of the great western range, between the parallels of latitude 8°
and 9°. Mr. Babington, passing through Mysore, describes all the black

rocks he met with as hornblende passing into basalt. He evidently
adverts also to nodular basalt.||

Age of Trap.

With respect to the age of the great trap formation of India, it would
appear from Major Franklin’s Memoir on Bundelkund, that its northern
exiremities rest on sandstone, which he considers identical with the new
red sandstone of England; the trap would therefore be posterior to the
carboniferous series and belong to the supermedial order. But the Rev.
Mr. Everesty| adduces valid reasons for questioning the correctness of

* Geol. Trans. 2nd Series, part i. p- 153. 1 Gleanings of Science, vol. iii. Jan. 1831, p. 1.

1 Phys. Class, As. Researches, p. 165. § Gleanings of Science, vol. iii. p, 135,
Il Gl:ﬂl_. Trans, 1st Series, vol. v, p. 325. 9 Gleanings of Scienee, vol, iii. p, 211,
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Major Franklin’s opinion; and it may be inferred that he is doubtful
with respect to the exact equivalent in Europe of the Indian sandstone,
as it is much associated with the primitive rocks.* In fact, where are
the oolitic rocks above, and the magnesian below the red sand ? where
the rock salt and gypsum ? and where, above all, the characteristic organic
remains of the lias and magnesian limestone ? It would be idle, there-
fore, to speculate on the era of a formation without a standard of com-
parison to direct the judgment. The question of the manner of the
formation of the horizontal beds of trap with their vertical edges is very
interesting. It will be said they were ejected under the pressure of an
incumbent ocean., If such had been the case, where are the marine re-
mains? and would not there have been sedimentary deposits upon them?
Moveover, if viewed as coulées from craters, would not the beds have
thinned out, instead of preserving the parallelism of their superior and
inferior planes and their vertical edges?

Laterite.

Laterite is a ferruginous clay mottled red and yellowish. When first
dug from its bed, it is soft and is easily fashioned into the form of
bricks or large square masses for buildings, and, if my recollection
serves me right, it constitutes the material of the walls of the fort at
Tellicherry and the jail at Calicut. It rapidly indurates on exposure
to the atmosphere. It is destitute of fossils, as far as is yet known.

That curious and very extensive rock, aptly denominated laterite (I
learn from the information of a friend), occurs at the source of the
Kristna river in latitude 17° 59/, at an elevation of 4,500 feet above the
sea. Itcoversthelow land between the sea and the great western range
from the southern Konkun to Cape Comorin, and, agreeably to Dr. Davy,
passes into Ceylon. I casually observed it at Tellicherry and Calicut,
respectively 744 and 756 miles south of Bombay; and at Calicut granite -
rises through it. On the low land at the base of the great eastern range,
Mr. Calder says it reappears between the 11° and 12° parallels of latitude,
and recurs in increasing patches passing northwards, covering granite.
The Rev. Mr. Everest speaks of laterite forming a fringe to great part
of the Bay of Bengal, and covering the edge of the granite of either
Peninsula.

Nodular Limestone.

In addition to the evidence already adduced of the extensive occur-
rence of nodular limestone, Dr. Buchanan mentions having met with it
in the Rajmahl trap hills, in Bengal and in Mysore, A writer in the

* Gleanings of Science, vol. ui. p. 215, t Ibid, vol, iii. p. 135,
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w(ileanings of Science”* states that it occurred in repeated borings for
water in Caleuntta, at from 50 to 122 feet below the surface. Another
writer} says, it is “very extensively distributed throughout Hindoo-
sian,” and further asserts that it is a “ most distingnished feature of
Indian geology.” The Rev. Mr. Everest and Mr. Royle remarked it in
their journey before adverted to. The few organic remains hitherto
found -imbedded belong to living species. The following is the analysis
of «Kankar'} (nodular limestone) by Mr. Prinsep§: —

ACAtEr of BEBOTPILON ;... s s aiiie s s sisanisys s 14
Earhotinte oL LIS (i v v sin i s mmanian s 72:0
atbonate of magnesia .........0000.0. 04

BB . L s e e 152
Alumine and oxide of iron............. 110
100-0

Kunkur, or nodular limestone, has been likened to the cornbrash of
the English strata; but its geological position (principally superficial),
and the absence of characteristic fossils, present insuperable objections
to their identity.

Granile.

The late Dr. Voysey states, that he ‘“had reason to believe, partly
from personal observation and parily from specimens obtained from other
sources, that the basis of the whole peninsula of India is granite ; he
had traced it along the coast of Coromandel, lying under iron clay
(laterite) ; also in the bed of the Godavery river, from Rajamahendri to
Nandair; and he had specimens from the base of the Sitabaldi hills of
Nagpoor, from Travankur, Tinnevelli, Salem, and Bellari.” Mor. Stirling,
in his memoir on Cuttack, says, “The granite where my specimens were
principally collected appears to burst through an ifhmense bed of late-
rite (iron clay) rising abruptly at a considerable angle.”|| Major
Franklin adds to the above quotation, ¢ The plains of Bundelkhund
attest that granite is there the basis rock.” Ceylon is exclusively
granite and gneiss; finally, I observed granite rising through laterite
at Calicut on the Malabar coast. With these facts before us, we can
scarcely question the truth of Dr. Voysey’s opinion ; an opinion involy-
ing the belief, with reference also to the extent of trap, that the whole
peninsula of India and Ceylon, covering an area roughly calculated of
700,000 square miles, is of igneous origin.

# Gleanings of Seience, vol. . p. 169, ¥ Thid, vol. i. p. 365.

§ Properly Kunkur, § Gleanings of Science, vol. i, p. 278,

Il Physical Class, Asiatic Researches, p. 37.
16 g
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Sedimenlary Rocks.

I am not aware of the existence of any sedimentary rocks in Western
India, south of Baroach, excepting such as have probably originated in
the consolidation of comparatively recent alluvium.

Recapitulation.

I close this paper with a recapitulation of the characteristic geologi-
cal features of the Peninsula; namely, the amazing extent of the trap
region, and the horizontal position of its stratified beds; the granitie basis .
of the whole country; trap veins in granite ; the absence, as far as is
known, of that uniform series of rocks which constitutes the formations
of Europe ; the extended and peculiar nodular limestone and laterite
formations ; the occurrence of pulverulent limestone in seams; and
finally, the non-discovery hitherto of the fossil remains of extinct animals
within the limits of the Peninsula.

London, January 21st, 1833.

A few words are necessary in explanation of the sections which
accompany this paper. They represent two principal spurs from the
Ghats, and converge to the same point at the junction of the Goreh and
Beema rivers. In strictness they are not sections, ramifications of the
spurs, and hills at short distances north and south of the central
vertical plane being inserted : they partake, therefore, of a slightly
perspective character, but this does not affect the general correctness of
their geological features. Fig. 1 comprises the range of hills between
the Under and Beepa rivers, and has a length of about seventy-five
miles. Fig. 2 shows the mountains between the Bore Ghat and the
source of the Mota river, and extends nearly eighty miles. The length
and elevation are expressed by different scales, and from this cause the
outlines of the mountains are not rigidly correct. A bare outline is
traced from the Ghits westward to the sea, for the purpose of showing
the curious forms of the weathered basaltic caps and ridges of the
mountains in the Konkun.

The elevations were determined either barometrically, or thermome-
trically. Those marked “B” are barometrical, and result from simul-
tancous observations with previously-compared barometers, all the
necessary corrections having been applied for temperature, moisture,
and latitnde. Those marked * W” were obtained by ascertaining the
boiling-point of water at different elevations with delicale thermometers:
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they are not to be relied upon within 100 feet, although in some instances,

when tested by barometrical measurements, they corresponded within a
few feet.

Of the Panoramic Sketches, Plate IV, No. 1 is a distant view of the
mountains on which are sitnated the celebrated hill forts of Jewdun,
Hurreechunduarghur, Koonjurghur, and Sewneir, in which Sewajee, the
founder of the Mahratta empire, was born. It is taken from the hill N.
of the town of Goreh.

No. 2 is a view of the hills, to the north and east, as seen from
Lakungaon in the flat broad valley of Jooneir (Sewneir).

No. 2% is a continuation of the view No. 2, from the N. round to the
west.

No. 3, a sketch of the hills, to the north and east, as seen from the
summit of the armonry, in the fort of Ahmednuggur.

No. 4 is a sketch of the northern flank of the platean on which the

city of Ahmednuggur stands, as seen from Wamooree, in the plain ol
the Godavery river.

MAP AND PLATES

To illustrate Colonel Sykes’s memoirs “ On a portion of the Dukhun in the East Indies.”
Map of the Dhuklun.

PraTe IV,
Panoramic Sketches,

No. 1 is a distant view of the mountains on which are situated the celebrated kil forts
of Jewdun, &e. Tt is taken from the hill N. of the town of Gorek - p. 114,

No. 2, a view of the hills, to the north and east, as seen from Lakungaon in the flat
broad valley of Jooneir (Sewneir).

No. 2% iz a continuation of the view No. 2 from the north round to the west.
No. 3, a sketch of the hills fo the norik and east, as seen from the summit of the
armoury, in the fort of Akmednuggur.

No. 4, a sketch of the northern flank of the plateaw on which the city of Akmednuggnr
stands, as seen from Wamooree, in the plain of the Godavery river.

Prate V.

Fig. 1, elevation and declination of the country above the Ghits, between 73° 35" and 74° 4%
east longitude, and 18° 50° and 19° 10" 3" north latitude : p. 91—Y98, 114.
Fig. 2 T elevation and declination of the country above the Ghits, between 17° 35" and 74° 4%
east longitude, and 18° 28’ and 18° 50’ north latitude : p. 105—114.
These Sections arve fully explained above.

t In the engraving of fig. 2, the names Moteh and Mota are confounded. Mpfa is the name of
the river, Moteh that of the town.
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Geology of the Island of Bombay. By H.J. Cartem, Esq.,
Assistant Surgeon, H. C. S., Bombay.*

[With a Geological Map and five Plates.]

Head December 1850,

DirricuLT as it may appear to unravel the geological history of a tract
of country which has been overflowed and plonghed up by successive
voleanic effusions, and subsequently elevated, depressed, immersed, or
denuded, or all four put together, yet, by patient investigation and
search, such a knowledge of its structure and composition may be ob-
tained, as to enable the observer to bring back, in his imagination, to
their original state and position, the materials of which it was originally
composed, and to place before the reader a satisfactory account of the
changes which it has undergone during a given geological period,—
changes which to him would otherwise be incomprehensible.

The little island of Bombay, just peeping above the waters of a
muddy estnary, would seem to offer little or no novelty in this respect,
particularly when compared with the great mountainous masses which
surround it; but, when observed carefully, it will be found that what it
lacks in size is compensated by amount of excavation, and that the latter
has in all probability disclosed the geological type of the whole neigh-
bourhood in its limited space.

Was the island of Bombay, as at first sight appears, composed of one
mass of the same kind of dark-looking trappean rock, its geology might
be told almost in as many words; but when it is found to present in its
thickness the strata of an ancient lake, or river; a coal-deposit in minia-
ture, filled with the fossillised débris of animal and vegetable remains,
some, if not most, belonging to species now wholly extinet ; and that there
have been three or four successive effusions ol volcanic matter over and
into these strata, forming ten times as many different rocks, it naturally
suggests the questions—How far did this lake extend ? Was it a lake,
ora river, oran estuary ? On what kind of rock were its strata deposited ?
Of what material are its strata composed? To what extent does its
coal-deposit extend ? What was its geological age? When was it

* Reprinted with slight alterations from the Jowrnal of the Bombay Branch of the Royal
Asiatic Society, vol. iv. p. 161.—July 1852,
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destroyed and filled up ? What rock first covered it? What kind of
rocks subsequently forced their way into it? Has the island undergone
any elevation or depression, and have any other strata been deposited
on it since the period of active volcanic action ceased ? Does the
nature of its volcanic effusions, or their relative positions, bear any
analogy to similar effusions in the adjoining islands, and on the
mainland itself ?—are all questions which make the little island of
Bombay assume a geological importance as interesting as at first it
appeared to be unpromising. Let us now see if any of them can be
answered.

From the following facts and observations it will be evident that
there have been four distinet periods in the formation of the island of
Bombay, viz. 1sf, that of the primary volcanic or trappean effusions ; 2nd,
that of the deposit of fresh-water sirata; 3rd, that of the secondary
or subsequent voleanic effusions ; and 4¢h, the deposit of the marine
strata.

1st Periop.—With the rocks of this period we have little or nothing
to do, as they form no part, so far as my observations extend, of the
island of Bombay ; but as the island must be based on something, and
there is nothing else in the neighbouring country and islands but these
primary effusions intruded and overlain by the secondary ones, we may
confidently assume that they form the basis of the island of Bombay,
and that the fresh-water strata were deposited on the last of them.

2xp Pertop.—Of the fresh-water formation, which is nextin age, we
are unable to come to any conclusions beyond the following, viz. that by
the absence of marine fossils in it, and the presence of fresh-water ones,
it was deposited in a lake or river; that its upper part is seen entire
for 36 feet below the igneous rock which overlies it; and that below
this again its strata have been intruded and broken up by other
igneous rocks; so that, at present, we can ncither tell its whole thick-
ness, nor do more than assume, as before stated, that the rock on which
it was deposited is trappean. As to its limits horizontally, it can only
be at present stated that it extended all over the island of Bombay,
and that portions of it may be seen in the voleanic breccia at Ghora
Bunder, a little village on the northern extremity of the island of
Salsette, thus giving it an extent north and south of at least twenty
miles. We shall see also, by the presence of organic remains in this
formation, that it must have been the depository of a large quantity
of wood, leaves, fruits, &c., and that these are generally in a frag-
mental state, and jumbled together, as if they had been brought from
a distance; also that plants, having conical bulbous roots, with :
stems formed of concentrie layers, as if made up of sheathing leaves,
like large bulrushes, grew in this lake; that it swarmed with the little
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entomosiraco-crustacean animals called eypride, and that an abundance
of small frogs and marsh-tortoises were also present. Moreover, that
the material of which its strata are composed seems from its colour and
composition to be of voleanic origin, but deposited for the most part ina
subtle state, though ocecasionally granular and coarse-grained, but never
gravelly or quartzy—always argillaceous. This, from the thin layers
of which the formation is composed, must have subsided very gently,
and would therefore come nearer to the sediments of a lake than those
of a swift stream. At what geological period they were formed is not
yet known, because there have been no fossils yet found in them which
can determine this; but a time arrived when the voleanic material in
which they are presumed to have originated was no longer transported
through the ageney of water, but came in a molten fluid, and, filling up
the lake, dried up or turned off its waters, and changed the then sub-
lacustrine plain of Bombay into one of dry black igneousrock. This was
the first of the secondary or snbsequent voleanic effusions.

It is most probable that the lake was above the level of the sea at the
time this occurred, although the general level of its strata is now below
it. One other fact connected with the fresh-water formation is here
worth mentioning, viz. that within three inches of the igneous rock
which overlies it, there is a stratum three inches in thickness, almost
entirely composed of the casts of cypride,—not of their valves singly,
which they are wont to shed annually, but their entire casts, showing
that some sudden alteration of the water in which they were living took
place, by which they all as suddenly perished and fell to the bottom.
After this occurrence no organic remains are seen, and nothing but the
three inches mentioned, of a kind of transitional material between the
fresh-water formation and the basalt. The amount of coal in this for-
mation will be seen to be very trifling, and that nearly the whole of the
wood and other vegetable remains have been replaced by argillaceous
material. At the same time, it will also be seen that it is only at one
place that the highly carboniferous part has been exposed, and that, too,
over an area only of a few square yards, viz. in the cutting for the
sluices, where the main drain of the island empties itself into the sea.

3rp Perton.—This commences with the 1stof the secondary effusions or
Trappito-basaltic tract, which caps the main ridges in Bombay,and whicl,
it may be presumed, was once continuous all over the island. How far
it extended beyond this, it is not our present object to inquire ; it is
enough for us to know that it overflowed the then plain of Bombay-
Originally it was probably much thicker than it is at present, but the
weathering of ages has of course much reduced it, though even now it
may be seen to measure 90 feet thick on the eastern, and 51 or more on
the western side of the island. Tmmediately after this effusion, we may
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conceive the site of Bombay to have been part of a black arid plain:
how long this continued geologically we have no proofs to show, but
after it had become hard, probably, and fixed, there was a 2nd-effu-
sion, which, coming up under the first and not finding a ready outlet,
followed the course of the fresh-water strata below it, intercalating them,
and breaking them up into all-sized fragments. This effusion was for
the most part scoriaceous or cellular, and gave rise to the amygdaloidal
structure which is now its chiel characteristic; though in Nowrojee
Hill quarry it is ecompact, which might have arisen from the superin-
cumbent weight of Trappife over it at this part. The amygdaloid rock is
found invading the fresh-water strata in every part of the island, in one
form or another, non-cellular or cellular ; the cavities in the latter ingtance
being filled with laumonite, green-earth, quartz or cale-spar, according
to the locality. The part which this effusion took in raising up the
longitudinal ridges, in the plain of the first effusion, and which ridges,
running about N. by E. and 8. by W., now border the eastern and
western sides of the island, there is no evidence to show ; but that this,
or the 3rd-effusion, to which we now come, or both, were active agents
in this matter, there seems to be no reason to doubt, for we find those
parts of the ridges most elevated where these effusions are thickest, and
in the western ridge either one or the other is seen filling up the internal
angle of the roof-like elevation formed by the fresh-water strata there.
Wehave,then, a Trappito-basaltic effusion, and an amygdaloidal effusion ;
and now we arrive at another effusion, which we shall term the voleanie
breccia. How long an interval elapsed between the amygdaloidal effu-
sion and that which gave rise to the voleanic breccia is as inconceivable
as the duration of the interval which existed between the first and second
effusions, there being nothing in the island of Bombay to give the
slightest idea of either; but, that the volcanie breccia was formed sub-
sequently to the amygdaloid, is proved by the presence of fragments of
the latter among the fragments of the other rocks which form the hetero-
geneous compound of the former. The principal characters of this
effusion are, that it is composed chiefly ol angular fragments of the fresh-
water formation, varying in size from particles which are invisible to the
naked eye to pieces some tons in weight ; also, that it contains fragments
of various sizes of the two foregoing effusions; and, lastly, that it is of
great extent,—forming a continuous tract from Carnac Bunder all along
the eastern shore of the island to Sion, and here composing the plain and
chain of hills which bound the north-eastern part of the island ; also, still
more, viz. the prineipal part of the mountains in the island of Salsette. [t
is this effusion which I think contemporaneous with the lateritic forma-
tions, and in some partsidentical with them in every respect; but this will
be better understood by g reference tothe latter partolthe detailed deserip-
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tion of this effusion,—we are chiefly concerned with it here as an agent
in the changes of form which the first plain of voleanic rock has under-
gone ; and no one can witness the cropping out of this breccia all along
the base of the highest parts of the eastern ridge, and its free effusion at
the north-east part of the island, with wells extending into it 60 feet deep
in Mazagon, and veins and dikes of it bursting through the Trappito-
basaltic tract in the same neighbourhood, withont feeling satisfied that,
to make room for such an immense mass, the crusts of the previous rocks
must have given way, and have been forced ridge-like upwards, as we
now see them ; to give vent to the voleanic torrent, which, breaking
through the fresh-water formation and igneous rocks that opposed its
progregs, finally spread their fragments, in the manner we have seen
them, along the eastern shore of the island.

The protean forms assumed by this effusion and its decompositions,
passing through so many different rocks, may easily be conceived ; it is
therefore white at one part, blue at another, yellow at a third, brown at
a fourth, red at a fifth, and black at a sixth, with all the intermediate
shades ; composed, as before stated, of fragments of rocks in the imme-
diate vicinity, changed into all degrees of consistence, and, more than that
indeed, fragments of large-grained diorite, which have come up from
a region much below any we are acquainted with in Bombay. Asto
structure and hardness, it presents every stage, from the coarsest and
sofltest argillaceous breceia, which may be cut with a knile, to the black-
est and hardest homogeneous jasper, seen at the hills of Antop and
Sewree. Such a destructive agent, then, as this effusion must have
been, might be safely allowed to have been the one most active in the
upheaval of the longitudinal ridges in the island of Bombay, and of the
trappite ones at least, in the island of Balsette.* Lastly, we have a
Ath-effusion, and this is proved by the existence of dikes of volcanic
breccia through the last mentioned. Of their contents, little can be made
out, and they prove nothing further than that the third was not the last
effusion. In the detailed deseriptions of the three latter effusions, 1
may have mentioned some little tracts as pertaining to one which may
pertain to another; but it is almost impossible to expect accuracy in this
respect with effusions which are all more or less alike, and errors of
such kind, after all, are of little importance, as they cannot affect the
general conclusions, and, moreover, the observer may correct them as he
best likes, himself. That there have been four successive effusions in the
secondary voleanic period, there can be no doubt; and that the three
latter, pursuing a course in the first instance under the Trappito-basallic

* The culminating mountain in the island of Salsette, which is 1,551 feet above the level of
the sea, is, together with the ridges flowing from it, chiefly composed of this volcanic breccia.
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tract, have all contributed to destroy its horizontality, by raising up the
ridges which now exist upon it, is equally obvious. With the dikes,
which have been last mentioned, the period of active volcanic action in
the island of Bombay secems to have ended ; how far passively the island
has since been affected there is nothing to determine.

At Periop.—Deposit of the Marine Formation.—There is nothing
in this to make us think that it is of very ancient date geologically = it
would seem to belong to the post and newer pliocene formations. The
clay and lower part of the beach, as no remains of human bones or arti-
ficial structures have I think been found in either, perhaps belong to the
former, while the shells consist of the same species as those which are
found on the shore at the present time. That the island has undergone
elevation since the period of volcanic action ceased would seem to be
proved by the remains of a portion of sea-beach called “ Phipps’ Oart”*
in the centre of the island, near which no sea now comes; but the
elevation must be very trifling, for the ridge of a beach is always higher
than the sea, even at the highest tides, and the summit of this is only
eight or nine feet above high-water mark; while the accumulation
of detritus poured into the estuary of Bombay from the neighbouring
hills is as likely to have produced it, afier having filled up the
lagoonal depression in the centre of the island to the level of the sea, as
anything else.

At the same time, Bombay could never have been very deep, or long
under water, or the deposits on it would have been much thicker than
they are, and of more ancient date ; as it is, the beaches hardly exceed
20, and the clay 10 feet in thickness. Where there is no clay, as close
to the shore, the beaches are thickest, and vice versd.

The resemblance which the Trappito-basaltic tract and amygdaloidal
effusions bear to those on the mainland is most striking, and may be seen
by a reference to Colonel Sykes’ valuable paper on the Trappean Region
of the Dekkan and Konkan immediately opposite,f—that of the ad-
joining islands T hope at some future period to show mysell.

Such is a short summary of the geology of the island of Bombay, and
I have premised instead of appended it, in hopes that the reader may
be induced to peruse the following descriptions in detail from which
these inferences have been deduced ; let us begin with a brief outline
of its geography,

The island of Bombay is trapezoidal in figure, having its long axis
nearly N. by E, and 8. by W, its short parallel side towards the sea,
and its long one towards the land. The outer side is six miles long,
and the inner one eleven miles; both are bordered by ridges of hills, pre-
cipitous towards the east, while they slope gradually towards the west,

* This has all been removed now for the railroad,

T This volume, p. 3.
16 ¢
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Between these ridges, which are about two miles apart, there is a leve]
plain called the “Flats.” The greatest width of the island is a little
more than three miles.

At the two short sides of the figure there are sandy beaches, which,
being above the level of the “Flats,” prevent the sea from overflowing
them, but on the outer side of the island there is no beach, because the
whole is black basalt, probably extending a long distance into the sea ;
while on the inner side, which borders the harbonr, there is an aecumula-
tion of silt, deposited from the back-waters and the rivers which empty
themselves into the estuary in which the island of Bombay is situated.

The southern extremity of the outer side of the island is called Malabar.
Point, and the northern Worlee ; while the southern extremity of the
inner side is marked by the Light House, which stands on the extreme
end of a thin prolongation named Colaba ; and at the northern extremity
is a tower called Riva Fort. Between Malabar Hill and the extremity
of Colaba is a deep bay, called Back Bay, in which there is a sandy
beach, and on the opposite or corresponding side of the trapezoid is a
similar excavation, in which there is also a beach, called Mahim Sands.
Both of these beaches are a few feet above high-water mark, and they
chiefly prevent the sea from overflowing the centre of the island.

The highest point in the lateral ridges (which are interrupted more
or less by brealks here and there) does not exceed 180 feet, which is the
height of Malabar Hill just above the eastern corner of Back Bay.
The southern part of the eastern ridge, called Nowrojee Hill, is 117 feet;
Mazagon Hill, next to it, 162 feet; Chinchpoogly Hill, 153 feet;
Parell Flagstaff or Colongee Hill, 163 feet above high-water mark ; and
Antop Hill, which is in the centre of the little range bordering the north-
eastern part of the island, is 85 feet; while another hill in the same
range, a little to the north of it, is about 127 feet above high-water
mark,—the latter has been measured by comparison. I

The “ Flats” are but just above the level of the sea, which overflows a
small portion of them- at the “springs,” and the rid ges of the beaches
average about six feet above high-water mark.

From this description it must be evident that a seetion of the island
of Bombay, either longitudinally or transversely, if proportionally given,
will have a very insignificant appearance. (See Map, fig. 2.)

With respect to its relations with the mainland, Bombay is separated
to the northward from the mountainous island of Salsette, whieh is six
or seven times larger, by a channel narrowing to a part not more than
125 yards wide; while Salsette, again, in like manner, is separated
from the mainland by a similar channel. To the south and east of
Bombay is its harbour, in which are also several mountainous islands
and islets, that lie scattered betwéen it and the mainland., The
harbour or estuary is about six miles across in its widest part.



GEOLOGY. 123

This short geographical introduction will be sufficient to explain the
map of the island of Bombay hereto annexed ; let us now proceed to its
geology.

Insignificant as the elevation of Bombay is from its low hills and
general flatness, yet it is by no means so in aeological composition, for
although its structure is not known for more than 60 feet here and there
below high-water mark, which, added to its highest point, gives only a
total thickness of 240 feet, yet in this thickness we have from 30 to 50
feet or more of fresh-water strata, covered by voleanie rock, which has:
been thrown out over them, in some parts 90 feet thick, and pierced by
various subsequent effusions even still thicker ; together with a marine
formation, filling up the lagoonal depression of the island, and consisting
of mud, in some parts 10 feet, and in other parts sandy beaches, 20 feet
thick. Thus we have abundance in a geological point of view to oceupy
our attention, although we have little geographically. '

But, before proceeding further, it would be as wellto consider the gene-
ral composition of the ridges of the island, as well as the mineralogical
characters in detail of the masses which compose them, in order that we
may arrive at a right understanding of therelative position of the latter,
and the names by which we intend to designate their various forms.

The rocks of Bombay, which chiefly form its ridges, come under
the class voleanic, and all belong to the trappean system: there are
nc hypogene rocks, that is, igneous rocks which have been formed
below the surface, and afterwards raised above it. Besides these, there
is a series of aqueous strata, which comes under the head of fresh-water
formations, from the character of its fossils; and this, as before stated,
is overlaid and intrnded by both the voleanic rocks.

The whole of the upper part of the eastern ridge, from Riva Fort to
the end of Colaba, is composed of fine-grained Trappite, more or less
basaltic towards the summit, while the whole of the upper part of the
outer or western ridge is composed of fine compact black Basalt. Both
of these rocks rest conformably on the fresh-water [ormation, which
is composed of argillaceous and bituminous shale, broken up by sub-
sequent volcanie effusions, assuming the forms of aphanite, spilite, amyg-
daloid, &e. which, as will herealter be seen, are only modifications of
Trappite.

Such is a brief outline of the general composition of the ridges, and
the relative position of the rocks which compose them; the following are
the mineralogical characters of the latter. I should here premise, also,
that in nomenelature I shall chiefly follow M. Alexandre Brongniart's
classification and mineral characters of rocks, as given under the article
"-Rﬂﬂ-"-’-“:i’ in the Dictionnaire des Sciences Naturelles.

Trappite, Bgt. (synonys. whin-stone, greenstone, diorite) is chiefly
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composed of crystalline felspar and hornblende, together with a litle
amorphous argillaceous earth. It is either coarse or fine-grained ; tha
of Bombay is chiefly fine-grained, and its structure hardly perceptible to
the naked eye; but on being magnified, the dark green hornblende be-
comes easily recognisable as well as the less coloured felspar, and the
amorphous earth between them. When itis very compact, hard, spark-
ling, and sub-granular, its ternary compound and erystallisation al-
most undistinguishable, and its homogeneity almost complete, then we
shall callit  Basalt” ; and in this state, presenting a blue-black or black-
purple colour, it forms the upper part of the western ridge, while Trappile,
passing into a basaltic form, in its upper part forms the eastern ridge. .
When Trappite loses its erystallisation entirely, it becomes aphanite
(Bgt.), from dpavi¢e, ¢ to make unseen,” in allusion to the felspar. I shall
not use the term ¢ Trapp” as a specific appellation here, as it confuses,
and Trappite and aphanite will, I think, be found sufficient. In this way,
then, the distingunishable ternary compound of Trappite may passinto the
undistinguishable compact one of Basall on the one side, and into the
earthy one of aplhanite on the other. Now when Trappite and Basalt are
cellular, and their cavities are filled with green earth, zeoliles, quartz,
amethyst, calcedony, or felspar, they are termed amygdaloidal or vario-
litie ; while aphanite, when eellular and similarly charged with these
minerals, more especially cale-spar, has been called ¢ spilite” (Bgt.); but
all three are substantively called “amygdaloid.” Under the foregoing

names, then, the principal of the trappean rocks in Bombay may be
included.*

. * M. Brongniart’s definition of *“ trappite ** is thus given :—
“TrarpiTe (Roches de Trapp).

“ Base d'Aphanite, dure, compacte on sublamellaire, souvent fragmentaire, enveloppant du
Felspath, de I’Amphibole, du Miea.
“* Parties accessoires—Titane nigrine, Augite, Pyrite, Grenats.”

Thus, with the exception of the Miea, this definition is applicable, in the way ahove stated, to
the greater part of the Trapp (using the name generieally) that T have seen in Western India.
But Trappite should not be confounded with Diorite, as I have frequently found it done here.
That there is no line of distinetion between some fow portions of the Trapp and Diorife may be
ensily conceived, viz. when the earthy ingredient becomes so seanty in the Trappite as not to
be appreciable, and this ingredient, thus disappearing, leaves nothing but the erystalline fel-
spar and hornblende behind, which is essentially the composition of Diorite. But this is the
exception and not the rule; and as it is desirable not to eonfound rocks of different ages, it is
also desirable not to use names which may tend to this, as the application of Diorite to any
parts of the great trappean district of Western India. Hence it would be better always to use
the word “ Trappite’ where even the rock may appear as crystalline as Diorite, for if the two
were compared together it may, I think, be fairly presumed that a genuine specimen of Diorile
could never be confounded with any portions of the great trappean effusions of Western Indis.
The feature, then, which chiefly distinguishes Trappite from Diorite is the amorphous earth,
the former is aternary, semi-crystalline, therefore, and the latter a binary, crystalline, compound.
It only requires to see the prevalence of Diorife, Bgt. together with Ophiolite, Bgt. (Serpentine)
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- We next come to the fresh-water formation, in which we have argil-

laceous shale, argillo-calcareous shale, and argillo-bituminous shale,
with small quantities of coal; also chert and jasper, arising from the
exposure of the argillaceous strata to great heat.

Add to the foregoing a voleanic hreceia, composed of fragments of the
other formations, bound together by a base of aphanife, more or less fine,
more or less coarse ; harder or softer, and sometimes passing into a black
jasper, as at Sewree, and Antop Hill.

Lasily, we have the blue and brown clay of the ¢ Flats,” containing

the ealeareous concretions called kwunkwr; and the consolidated sand
and sea-shells of the beaches.
- Having thus premised sufficient to prevent a misunderstanding in the
terms which will be used, and the kind of rocks they designate, let us
now trace the different formations mentioned throughout the island,
beginning with Trappite, which is the most prevalent, the most pro-
minent, and the most widely-spread of all.

Trappite.—This rock forms the summit of all the castern ridges,
except that bordering the northern part of this side of the island, and will
be found to extend continuously from the extremity of Colaba to Riva
Fort, that is throughout its whole length. Itis interrupted by breaks
or breaches here and there, and diminishes in height towards beth
extremities; but between the “ Fort” and the village of Nagaum, a
distance of five miles, it presents points of variable heights, rising to
163 feet above the level of high-water mark. In some of the breaks it
appears to be so expended that its continuity is hardly traceable, as at
Nagaum, while in other places, as at Nowrojee Hill, where it has been
quarried, it is 90 feet thick. Again, the width of this tract varies, so far
as it is observed superficially : it forms the whole of Colaba, and the
eastern part of the Esplanade and Fort, and, of course, it extends into
the harbour on one side, and, obscured by the beach which forms the
Esplanade, appears in Back Bay again on the other; but at present it
will only confuse us to trace it where it is coneealed, and, therefore, we
will confine onr observations to where it is exposed. Tt forms also the
eastern part of the Native Town, at the northern extremity of which is

on the coast of Arabia, and the Tmplj rocks among it, to heeome zensible of the desirableness
of not ealling any of the latter Diorite ; and the same probably applies to India.

Applicable, however, as the above composition of T'rappite is to most of the Trapp of Western
India, the specific distinctions given by M. Brongniart to his * Basanite” are no less applicable ;
but, as he states at the end of his remarks on Trappite, ** Le nom de Trapp a été appliqué i tant
des roches homogines différentes, qu’on ne peut donner comme examples certains que ceux
qu’on & cu occasion d'observer soi-méme.”

- When the first edition of this paper was published I used the word * Diorite” where I
have now used Trappite, but T was not then aware of the distinction to which I have above
alluded, or the necessity of not confounding the Trapp, with the Diorite of Western India.
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the quarry of Nowrojee Hill, where, as before stated, it is seen to be 90
feet thick; here, also, its superficial area is greatly expanded, and ex-
tends continuously across the island from Mazagon Hill due west to the
“Flats,” a distance of one mile. Thisbreadth is greater than at any other
part, and is prolonged from Nowrojee Hill due north to the Mount, a
distance of one mile and a quarter. At this part, also, it has been inter-
sected and pierced in all directions by a subsequent effusion, which we
shall come to hereaflter. At the Mount it narrows again, and spreads
out on Chinchpoogly Hill, and thence is continued on over Colongee or
Parell Flagstaff Hill to the village of Nagaum ; here it sinks to within
a few feet of the level of the « Flats,” and appears only in the form of a
few boulders for half a mile, when, rising again a few feet more or less,
it at length reaches Riva Fort, the northern extremity of the island. The
prineipal feature of this ridge is, that it is more or less precipitous towards
the east, while it slopes more or less suddenly towards the west; a
character which, it should be remembered, is common to every hill in
Bombay, without exception. Its summits and sides are also covered
with naked rocks and boulders, from the mode of desintegration of
the Trappite which follows the veins with which it is intersected ;
hence they are in c¢uboidal or polyhedral masses, and, when more
minutely divided, end in becoming spheroids, throwing off concentric
crusts,

The mineralogical composition and structure of this rock vary.
Generally, its erystalline structure may be distingnished with a good
magnifying glass, but sometimes it becomes so minute, and compacl,
and tough, that it almost takes on the form of the Bombay Basalt ; siill
we may infer its composition by seeking out its structure in larger-
grained specimens. In these we shall find tabular ecrystals of white
felspar, amorphous crystals of green hornblende, a small quantity of
greenish or blue argillaceous earth, and more or less green-earth, olivine,
and small particles of peroxide of iron,—probably titanitic iron or
rutile from its rich brown-red colour in some parts,—most of which are
caught up by the magnetised needle in their natural state when the
mass is pulverised, but this, of course, canonly be scen by manipulation
under a high magnilying power. The presence of the iron accounts for
the decomposition of the rock into greenish blue, then yellow, and lastly
red earth, these being the usnal eolours which iron assumes in passing
from its protoxide to its peroxidised state.

Further, it may be observed of this rock, en masse, that the upper part
is more crystalline, tougher, and more diflicult to break than the lower
part, while the latter, on the contrary, is more cleavable. Cavities are
sparsely scattered in it, which contain varieties of scolezite or needle-
stone, the latter name being derived from its spicular crysltallisation.
In some parts it is blacker than in others, while [requently it presents a



TRAPPITO-BASALTIC TRACT. 197

spolted appearance, on account of the dark portions being circumscribed
instead of generally spread throughout the rock. I amunable to explain
the latter appearance, except that the hornblende is blacker in these
places than in others, probably from the greater quantity of protoxide of
iron which it contains; in other words, that the distribution of the iron
thronghout the rock has been unequal, or has become aggregated in some
parts of it more than in others during crystallisation, or ab origine.
In the next ridge I am about to mention, this mottled state prevails very
much, and on weathering the dark portions remain, while the lighter
parts wear away, giving the surface a grape-like appearance, in which
the spheroids are about the size of bullets.

Thisridge is very low, scareely rising at one or two points more than 50
feetabove the sea. It lies on the east side of the latter, and commences
close upon the sea opposite Mazagon Hill, from the base of which it is
separated by subsequent effusions of volcanic matter. Its rocks, which
appear just above the sea at the commencement at Mazagon, rise gra-
dually to Tank Bunder, where there is a high mound of it, after which
it sinks below the mud, and subsequently makes its appearance again
at Kandlee Battery : there, as at Tank Bunder, it rises to about 50 feet
above the sea, and again sinks gradually, as it pursues a direct line
northwards to within a hundred yards of the base of Colongee or Parell
Flagstaff Hill, where it ends ; being separated the whole way from the
first ridge by the subsequent effusion to which I have alluded. It does
not differ in eomposition or structure from the Trappite of the first ridge,
except that its surface in many places weathers into the grape-like
structure mentioned, particularly a little south of Tank Bunder; this is
its great peculiarity, and hence it might be called * Orbicular Trappite”
in contradistinction to # Orbicular Diorite” (Bgt.). It is very insignifi-
cant in height, when compared with the first ridge ; but is, in like
manner, tilted up and precipitous towards the east.

Lastly, we have athird ridge of Trappite on the east side of the island,
which begins at a point 400 yards NE. of Kandlee Battery, called
Jackaryah’s Bunder, and 600 yards east of the first ridge. It pursues
a course a little to the eastward of north, and, about a mile from its
commencement, attains a height of 78 feet, after which it gradually
gets lower, and finally joins the first ridge about two and a half miles
south of Riva Fort, or about half a mile beyond Nagaum. In mineral
composition, structure, and physical features, it corresponds with the
first ridge, being scarped on the eastern, and sloping more or less sud-
denly on the western side,

In addition to the main ridge, then, there are two other short ridges of
Trappite on the eastern side of the island, and all these rest on the fresh-

water [ormation, as we shall presently sce; let us now go to the western
side.
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Basalt of Bombay.*—The western ridge, which extends from Malabar
Point to Worlee Fort, is entirely of black, or blue-black basalt, interrupted
by a break or two. Its height, as belore stated, in one part, exceeds that
of any other hill on the island, being 180 feet above high-water mark,
just over the western corner of Back Bay. Like the eastern ridge, it is
scarped on the eastern side, and slopes more or less suddenly on the
western one, passing off aflterwards with a very slight inelination into
the sea. 1In itsbroadest part itisabout 600 yards wide, that is, the dis-
tance between the precipitons side and the sea, and everywhere itappears
stratified, the lines of stratification dipping suddenly, in the ridged por-
tion, towards the west. In its scarped portion it presents a columnar
arrangement, consisting ol large cuboidal masses, arranged one above
another; while its surface in some parts presents an hexagonal prismatic
arrangement, to wit on the shore at Worlee, and in Back Bay. It is
fragile almost to brittleness a little beneath the surface, but superficially,
where it presents the hexagonal arrangement, is exceedingly tough,
Throughout it is minutely divided by intersecting quartziferous veins,
the structure of which, where exposed, is open and cellular, and of a
rusty colour, while the centre of the polyhedral masses which they sur-
round is firm, black, and compact. Like the Trappite of the eastern
ridge, it decomposes into spheroids, throwing off concentric erusts ; in
some parts, however, beneath the surface, it appears to undergo an
irregular jointed disintegration, the surface of the fragments presenting
a greenish-blue coloured argillaceous earth, which afterwards becomes
brown, yellow, orred. There is a remarkable absence of cellular cavities
in this rock,—I do not know that I ever saw a trace even of any except
here and there, where there was a little olivine : its chief difference from
the Trappite of the eastern ridge lies in its black colour, and in its com-
pact structure and minute texture, which defies all altempts at analysis
by optical examination; also in itsapparent stratification and hexagonal
prismatic arrangement on the surface in some places, and in its more
rectangular disintegration. Like the Trappite, however, of the eastern
ridges, it rests on the fresh-water strata, but is nowhere pierced, to my
knowledge, by any subsequent effusion. Thus, with these little differ-
ences set aside, it so much resembles the Trappite of the eastern ridges
that one can hardly consider it otherwise than as a more compact part
of one and the same formation, which was once continuous across the
“Flats,” buthas been since separated by fracture, upheaval, and denuda-
tion. To this effusion, therefore, we will give the name of Trappito-
basaltie Tract,”

Fresh-water Formation.—Next in succession below the Trappiloe-
basaltic tract comes a series of aqueous strata, which by their fossils are

* For the distinction between this and the Basalt of the Dekkan, see my “ Summary of the
Geology of India,” further on.
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proved to have been deposited in fresh water. They consist of argilla-
ceous shale, which, so far as it has been exposed, appears to have been
formed from the fine detritus of voleanic mgtter, with which is mixed
a quantity of organic remaing, both vegetable and animal. In their
upper part they are of a light brown colour, passing gradually down-
wards into a greenish or bluish deposit, and then into black bitaminous
shale. In no part do they, to my knowledge, present any gravel or
large detritus.

At their junction with the basalt, at the cut of the sluices at Love-
grove,—for we will, before tracing these strata over the island, study
them at this part, where they are least disturbed and best seen,—the
basalt is decomposing for some distance up, and passing into spleroids,
which become more and more divided, until they disappear altogether,
and leave nothing but a few traces of their concentric crusts: at this
point the basalt rests upon the aqueous strata, and presents a number of
vertical tubes, filled with crystalline quartz. These tubes are about five
or six inches long, about half an inch broad at the base, and taper to-
wards the extremity: some rise immediately from the surface of the
aqueous strata, others a little above it. They are either solid or hollow,
and ocecasionally bifurcated below, and were probably air-cavities in
their original state, perhaps produced by the evolution of gases from the
vegetable matter over which the fluid basalt had spread itsell. These
tubes are best seen on the eastern side of Lovegrove Point, under the
tomb of Mama Hajanee, near high-water mark ; they exist also at the
sluices, but I have not seen them anywhere else.

Lying immediately below this is the first stratam of the aqueous
deposit, which is only three inches thick, and presents nothing, ap-
parently, but the transitional state of the voleanic into the agueous
formation. Next it, however, comes a remarkable layer, though not
thicker than the foregoing, which is compact and siliceous : the peculi-
arity of this is that it is almost wholly composed of casts of the shells
of the little entomostraceous crustacean animals called Cyprides, with
which is mixed a variable quantity of vegetable remains, consisting of
small short fragments of plants, without any particular shape. It also
has another peculiarity, which is, that it is almost wholly composed of
silex, in the form of amorphous or erystalline quartz, which has either
wholly or partially filled the cavities of the shells, the forms of the shells
themselves ]]ﬂ.\-‘il]g {liﬁappeared. Hence we find this stratum in ]'J'I'EfEl'-
ence to all others chertified, jaspidified, or blackened and basaltified by
heat; and thus we have in many places evidence of the existence of the
upper part of the fresh-water strata, where the rest have had their stra-
tification destroyed, or have had their structure almost wholly transform-
ed into something else. 'This stratum is well seen at Lovegrove Point,

and on the northern side of the break in the ridge through which the
17y
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sluices have been cut. It will be recognised by its whiteness, and its
oolitic structure, immediately underlying the black Basalt. At the
northern side of the sluices it presents a remarkable fold upon itself,
whieh, before it is understood, is very confusing, insomuch that it gives
the appearance of two or three of these kinds of strata, instead of only one,

From this deposit downwards, for 36 feet, we have argillaceous
shale, which was deposited generally in very thin layers of impalpable
powder, but in some instances consisted of coarse grains, which from
their bluish, greenish grey, and white colours, seem to be heterogeneous
in composition, but are still all argillaceons. The colour of these strata
throughout would also appear originally to be greenish or bluish grey,
which i« deepest or blackest where there is most carbonaceous material,
although in their upper part they are of a bright brown, or yellow fawn
colour, which tints on both sides diminish in intensity as the distance
from the line of junction between the volcanic and fresh-water forma-
tions increases. Throughout these strata there is an abundance of
fossilized vegetable remains; and towards their middle those of ani.
mals, such as tortoises, while at their lower part are found the skeletons
of frogs. The vegetable remains consist chiefly of the fragments of
plants, which at the upper part appear to have been small, but towards
the lower part were much larger. In the upper part they have been
nearly decarbonized, and replaced by siliceous or argillaceous material
of a white, grey, brown, or bright vellow colour, presenting under
the microscope in many instances the polygonal or fusiform shapes
of their original cellular structures, while towards the lower part they
are black and carboniferous. Such as have been found entire, or pos-
sessing a recognisable form, will be described hereafter.

The next portion of these strata presents an interlamination of black
carbonaceous deposits; this occupies about a foot and a half, when it is
followed by two and a half feet of shale, without black layers, imbedding
a great number of globular and conical nodules, like Septaria, which,
on being fractured, generally exhibit the forms of bulbous roots or
stems in their interior. These strata, which are the lowest of the un-
disturbed part of this portion, are harder and more compact in their
structure than the foregoing.

‘We have now an intrusion of bluish or greenish grey coloured volea-
nic matter, apparently composed of the ingredients of Trappite, but all
heterogeneously mixed up together, and in the form of argillo-siliceous
material, imbedding large portions of earboniferons shale, and, from iis
napthous odour, impregnated throughout with the remains of vegetable
matter. This extends down for twelve feet, or to the bottom of the ent
of the sluices. It is, of course, unstratified, and presents a venous in-
tersection, like volcanic rock. ‘The upper six feet is of a lighter colour
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than the shale immediately above it, and, although richly charged with
small fragments of vegetable remains, contains little, when compared
with the six feet below, which are full of large pieces of black argillo-
bituminous shale, bearing the remains of large flat long leaves, pieces
of dycotyledonous wood, seeds, seed-pods, and various other fragments
of the vegetable kingdom, all of a deep black colour, and many sparkling
and slightly coal-bearing, though chiefly composed or replaced by argil-
laceous material.

The coal, which océnrs here and there in small granular deposits on
the leaves, and about the argillized wood, burns with a bright flame,
bubbles up, and leaves a shining black scoriaceous cinder, which light-
ens a little in colour under the blow-pipe. Also portions of*mineral
resin, resembling ¢ hatchetine™ or mineral tallow, are occasionally met
with ; and invariably calec-spar in company with both the substances.
The mineral resin is sub-granular, like bees’ wax, and breaks, but is oo
waxy to be pulverized; it floats in water, but sinks in alcohol; is
translucent, of a weak pearly lustre, and of the colour of bees’ wax;
feels greasy, and is inodorous; dissolves readily in turpentine, but not
in ether or alcohol; becomes soft at a temperature just below 212°
Fahr., but does not melt in boiling water; when exposed to a greater
heat, becomes very fluid, but does not take fire until the temperature is
raised, it then burns away with a bright flame, leaving no residue.
Besides vegetable remains, the little Cyprides abound in all the masses
of this shale ; the elytra of insects have been found in it, and the remains
of shells something like Melania, but all more or less blackened, argil-
lized, and in a earboniferous state.

In no other part of the island has this rich carboniferous portion of
the fresh-water strata been observed beyond the depth of a foot or two,
affording only a few thin layers of the uppermost argillo-bituminous
deposits, viz. those in which the skeletons of the frogs are found. All,
therefore, that we know of it is from what has been exposed by the
excavation of a few cubic feet at the cut of the sluices, where it has
been broken up into fragments by the intrusion of the igneous rock.
Nor has the formation generally been seen undisturbed in any part of
the island, and, therefore, its maximum thickness is unknown ; though
no reasonable doubt can be entertained of its having originally been
deposited here, on the last of the Primary Trappean Effusions.

Let us now turn our attention to a description of the fossils which have
been found in the Fresh-water Strata, beginning first with those of plants,

Rools.

Fig. 1, a, b, Plate vii,, is bulbous, cormiform, ovoid, elongated ; trun-
caled above, pointed below; marked with transverse rows of short
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vertical parallel strime, the rows extending more or less round the body,
each row tapering towards its extremities, and ending in a point between
that above and below it, in the manner of sealy imbrications. Stris
superficial, and sometimes continuous for some way longitudinally,
Truncated end presenting concentric lines, like the petiolations of
sheathing leaves; pointed end, where fractured, presenting a sucees-
sion of coats, concentrically disposed. Length of specimen 5 inches;
widest transverse diameter 2} inches. Loe. black shale.

Observations.—These roots are almost lapidified, from the compact.
ness of the argillaceous material by which they have been replaced,
They are black externally, where the striee present the only carboniferons -
parts ah%utthem; and a little lighter colonred within. The rows of strie
ghine in the manner of vegetable impressions in clay generally, and the
petiolations in the truncated end are marked by delicate white lines of
cale-spar. A few Cyprides are seen in the interior of these roots, which
shows that they must have been widely cellular, or hollow.

Fig. 2, a, Pl. vii.—This specimen is of the same description as the
foregoing, but appears more globose. The oblique direction of the
stri from above downwards and outwards would also seem to indicate
this. Like the foregoing, the striw are in litile bundles, hardly elevated
above the surface, and only prevented {rom being continuous longitudi-
nally by their being raised at one end more than the other. Loc. lowest
part of the undisturbed shale, and in the intruded igneous matter.

Obs.—These are found in great numbers in that part of the shale just
mentioned, and appear very much like Septaria. They are less black
than the foregoing, thus according more with the colour of the strata in
which they are chiefly sitnated. 'When fractured, they develope a kind
of stem or bulb internally, with its largest or rounded end downwards,
that is following the position in which they are found ; but the accumn-
lation of adventitious material around them makes it almost impossible
1o arrive at their original size or shape.

Stems.

Fig. 3, a, b, PL. vii., is a section only. Length 1} inches, and diameter
17 inches. Sub-round, slightly striated longitudinally. Truncated
end presenting circular lines indicative of the petiolations of sheathing
leaves, with the external one of the latter broken off towards the bottom
ofthe specimen. Loc. lowest part of the undisturbed shale.

Obs.—This, or rather these pieces of stems, for there are many of
them, would appear to belong to the bulbous roots last mentioned.
There is very little appearance of a more consolidated portion having
‘existed at their cirenmference ; and internally the presence of Cyprides
shows that they must have been widely cellular, like the so-called
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roots; also the lines of petiolations before mentioned, that they must
have been formed of sheathing leaves,

Under this head also comes fossil-wood, of which there appears to be
a considerable guantity and of varions kinds, chiefly dycotyledonous.
One specimen met with measured two feet long and six inches broad :

it appeared to be a segment of a small trunk; the bark is on it, and,

from the infiltration of a lighter substance between this and the wood,
and the latter being deficient towards the centre, the whole was probably
undergoing decay when immersed. The grain of the latter is distinetly

' seen, but the soft argillaceons matter which has replaced it, as in most
. other specimens of the kind, does not admit of a sufficiently fine polish
' to examine it more minutely. The bark presents externally a number

of small projections, and is guttered into large irregular lozenge-shaped
divisions.

In one part of the bark was growing a fungus, or portion of adventi-
tious wood, which, on falling out, brounght away a part of the trunk-

- wood itself. It is of a compressed circular shape, about 1} inches in
. diameter, and constricted at the base. Many of these kinds of bodies

occur in this black carboniferous deposit, and will probably be found to

' have had the same origin.

No pieces of palm-wood have to my knowledge been found, with the
exception of one unsatisfactory specimen ; but many small short frag-
ments of wood which possessed a tubular structure, and present a seg-
mental form, like pieces of the common bamboo. The latter oceur here
and there in almost every part of the fresh-water formation ; above,
where the vegetable remains are decarbonized, they are of a brown or
grey colour, and lower down, where they are carboniferons, of an intense
black colour. Besides these, the upper strata presentinnumerable frag-
ments of small plants, many of which appear to be portions of the stems
of grasses. They are all very nearly decarbonized, and ll'epIacEd by
siliceous or argillaceous material, of a white, grey, brown, or yellow
colour. Those which are grey present under the microscope a number
of polygonal grains or erystals, like the polygonal cells of vegetable
structures, while those which are brown and yellow often present the
fusiform cellular structure. 'The erystals representing the former aver-
age riv inch in length, and +% inch in breadth ; and the argillaceous
bodies representing the latter ¢ inch inlength, and ' inch in breadth,
Amongst the thousands of little fragments that T have seen towards the
upper part of the strata, where they abound in layers, and seldom
exceed an inch in length, I have not been able to discover, with the
exception of a compressed stem and globular root of some wide grass or
bulrush, and two small roundish leaves, which will be presently men-
‘tioned, one single fragment possessing a form that could be recognised.
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Leaves,

Figs. 4, 5, P. viii., are the impressions of the two leaves last alluded
to. The largest is oblong and oval, length +%+ inch, breadth +% inch,
The smallest sub-round ; length + inch, breadth +% inch. Loe. upper
part of brown shale.

Obs.—These leaves were found among the fragments just mentioned,
where there were thousands of other portions, possessing the parenchy-
matous form of cellular structure mentioned, and, as before stated,
without any recognisable form. They look more like leaflets of an
acacia, perhaps, than anything else.

Fig. 6, Pl viii., is the compressed remains just mentioned of part of
a long narrow leaf or stem, cracked into fragments, with a tuberous
root at the end. Length of specimen 4} inches, breadth 3 inch; struc.
ture fibrous, parallel, longitudinal. Loc. brown shale.

Obs.—Three or four specimens of this stem or leaf were found to-
gether, but only one with the remains of the root. They are very com-
mon, and their cracked state, as well as the eracks which are seen in
the flat grey portions of the parenchymatous structure in these remains
generally, seems to throw some light on the origin of the infinitude of
small formless fragments which pervade these strata, viz. that while
the plants from which they were derived were undergoing decomposi-
tions, either at the margin or the bottom of the fresh water in which
they were deposited, these cracks took place, and, when there was no
superincumbent material to keep them in their original position, they
floated off, or were otherwise scattered about, and at length finally
became stationary in the places where they are now found,

Fig. 7, Pl. viii.—This is a carbonized impression of a sealy leaf or
stem in the black shale. It is very thin, and presents elliptical seales,
which havé their long axes longitudinally; also the transverse cracks
to which I have just alluded. Specimen about 4} inches broad, and
1foot long. The scale (Fig. 7, a) or division consists of an arched
elliptical projection, i inch long, and +% inch broad. It is striated
longitudinally, and seems to be surrounded with a very narrow flat
rim or base, by which it is united to that of the adjoining scales. Loe.
black argillo-carboniferous shale, in the intruded igneous rock.

Obs.—Only one specimen of this kind has been met with: it was
discovered by Dr. Leith, and presents a thin layer of sparkling coal on
its surface.

There are many other fragmental impressions of flat long leaves
both large and small (Fig. 8, Pl viii.), with longitudinal striee more or
less perceptible on them, and more or less coal-bearing, in the black

- argillo-carboniferous shale or deposit; also impressions of large and -
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'small cordate leaves, and an imperfect impression (Fig. 9, Pl viii.) of
‘two lanceolate leaves, like those of the bamboo, except that they appear
'to be opposite instead of alternate. Dr. Leith, to whom I am indebted
for most of these specimens, also sent me an impression (No. 10, P viii.)
‘closely resembling the stem and flower or seed of a cyperaceous plant,
'something like Scirpus lacustris.

. In no instance, to my knowledge, has the impression of any fern
' been discovered, though I thought at one time I had found the sorus of
i one, which alterwards fell off the specimen, and was thus lost. This
' was in a portion of the upper light brown-coloured shale, from the tank

' north of the Horticultural Gardens.

Seeds and Seed-pods.

Fig. 11, Pl ix., is a small flat capsule, circular, or horse-shoe shaped,
with a pedicle rising in the centre, and passing off by the incomplete
portion of the ring. It presents a single row of seeds, arranged round the
circumference of the disk. Diameter 1% inch. Loc. light brown shale.

Obs.—These little discoidal bodies, looking like the magnified ringed
' capsules of a fern, are not uncommon among the accumulated fragments
' of vegetable remains in the upper part of the fresh-water strata.
| Flg 12, Pl. ix.—This seed, like that of Artabotrys odoratlissima, pre-
' sents the ruminated appearance of the albumen peculiar to the natural
' order Anonacem. Length ## inch, and breadth % inch; compressed,
elliptical, and slightly pointed at one end. The ruminated albumen is

in transverse lines across the seed, and in radiating ones towards the
. cirenmference of the round end. Loe. upper brown shale.

Obs.—This specimen was found by Dr. Leith, who pointed out its
analogy to the seed mentioned.

Fig. 13, Pl. ix,, is a siliquose pod ; length 3} inches, and breadth +%
inch. It is long, sub-round, slightly enlarged towards the apex, which
is also round ; narrowed towards the stem. Loc. black argillo-car-
bonae 2us shale,

Obs. —Close to it lay two other apparently one-seeded pods, of the
same description.

Fig. 14, Pl. ix., is another siliquose pod, broken off towards the stem.
Length of specimen 3 inches, breadth § inch. Long, lanceolate, nar-
rowing a little backwards; angular laterally, presenting a ridge on each
side, not opposite ; slightly concave on each side the lateral ridge; flat
along the sutures. Loc. black argillo-carbonaceous shale.

Obs.—For both of these specimens, as well as others of the same kind,
I am indebted to Dr, Leith: a vertical section, parallel to the line of
sutnre, has been made in one, but it fails to show anyllling definite in
the interior.
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There are a great number of large seed-like bodies throughout the
whole of these strata, particularly in their lower part; but they are too
undefined to admit of deseription,

No nucules of Characes have yet been met with.

Insecta.

Fig. 15, PL ix.—Cypris semi-marginala. (u. 1. c.)—Length &% inch,
breadth &% inch. Ovoid, sub-reniform, compressed laterally at the
small end, dilated laterally at the large one; presentinga wide rim round
the margin of the valves at the large end, which gives the cast an ex-
panded appearance. This rim is obliquely striated externally, the strie
passing from the convex or posterior border of the shell downwards and
forwards. Loc. thronghout the whole of the fresh-water strata.

Obs.—The obliquely striated rim round the large end of this fossil
was pointed out to me by Dr. Leith; and since that I have observed
that the prolongation of the valve in this direction is common to the few
recent specimens I have yet met with in Bombay. It is likewise stri-
ated in them, but the stria: are short, and radiate from the cireumference
of the valve, instead of passing off obliquely from it, as in the present
instance. Neither is the prolongation of the shell in this direction so
wide, nor does it extend so much round the valve in the recent as in
the fossil specimens. If we look into the interior of the valves of the
former (Figs. 18, 19, 20, Pl. ix.), we shall see that the inner margin of
the border is extended inwards more or less all round the valve, bat
more particularly at either end, and, of the two, most at the larger or
anterior end, where there is lelt between it and the outer margin a thin
lunate expansion. Beyond this comes a prolongation of or appendix
to the valve, in which there is a lunate fossa, or depression, separated
from the general cavity of the shell ; and this appears to be the portion
which is so extensively developed in the {ossil species under considera-
tion, on the back or outerside of which are the obligue strize mentioned.
The segment enclosing the fossa or depression, however, in the recent
species, instead of being one of a larger, is one of a smaller ecircle,
while that of the fossil species is the contrary, the latter extending
round the whole of the posterior or larger half of the shell, and expand-
ing it dorso-ventrally. There does not appear to have been any pa-
pille on the surface of this fossil species, as on most of the recent
Cyprides, but these may have been very minute, and may have disap-
peared during fossilization, or have been rendered imperceptible by the
opacity of the object. I have named this species Cypris semi-marginala
from the character which I have just deseribed,

Fig. 16, Pl ix.—Cypris cylindrica ? (Sow.)—Length &% inch; and
breadth 5\%; inch, sparsely papillated. Loec. lower part of undisturbed
shale, among the frogs’ bones.
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Obs.—This appears to be Cypris cylindrica, which is also found in
the chertified lacustrine deposits of the basaltic distriet of India. (Sce
Malcolmson's Fossils of the Eastern Portion of the Great Basaltic Dis-
trict of India. Geol. Trans. vol. iv. PL xlvii. fig. 2, and PL ii. fig. 2 of
this volume.) Itis little more than twice as long as it is broad.

Fig.17, Pl.ix.— Cypris ? Length 4% inch, and breadth i inch.
Loc. upper part of fresh-water strata.

Obs.—Of this specimen I have never seen the shell, but an appear-
ance in the mould, as if its surface had been closely and minutely papil-
lated. It is distinguished from the cast of Cypris semi-marginata by
not having the impression of the rim mentioned, and is therefore not so
expanded dorso-ventrally ; nor is it so prominent transversely, towards
the large end, as Cypris semi-marginala.

The three fossil Cyprides above described swarm throughout the
fresh-water formation. I have already stated that within three inches
of the overlying Basall there is a stratum of their casts three inches thicl,
not of one valve only, but of the whole shell, and the probability that
this was occasioned by some sudden alteration of the water in which
they lived. When most abundant, their shells are found in thin layers,
which, being frequently scparated from each other, would seem to point
out that they had been deposited in great numbers at particular periods.
In the upper partof the strata they are always more or less mixed up
with small remnants of vegetable matter, while lower down the fossil
skeletons of frogs are sometimes found upon the flat surface of the
black carbonaceous shale on which they have been deposited. They
are also found abundantly throughont the woody deposits, and entire
in the interior of the roots and stems mentioned; in short, as I have
stated, they almost swarm throughout the whole of this formation.

They would appear to have their corresponding forms in the three
most common cyprides now found in the fresh-water accumulations of
Bombay to which I have just referred, but the latter are much larger, as
will be seen by comparing their relative sizes in the drawings, all of
which have been delineated upon the same scale. Fig. 18 is sub-
globular, tetraedral ; prominent laterally ; flat ventrally ; sub-pyramidal
dorsally ; covered with minute papillzx supporting short spines or hairs.
Length %% ineh, breadth &#% inch. Fig. 19 is elongated ; cylindrical ;
slightly incurvated ventrally ; sparsely covered with large, and thickly
beset with minute papille. Length <% inch, breadth %= inch. In
both these specimens the borders of the valves present a substriated or
milled appearance, particularly over the prolonged portion of the pos-
terior or large end. Fig. 20 is sub-reniform, and covered with large
papille almost touching each other. Length &% inch, breadth <% inch.

This has also the prolongation of the valve posteridrly.
i8¢
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Fig. 21, Pl ix,, is the right wing of a small coleopterons insect, ope
of two specimens found by Dr. Leith. Tt is inch long, and presents
parallel longitudinal ridges, with rows of puncta along their course, and
transverse wavy lines across the ridges. Loc. black shale,

Obs.—This fossil is carbonised, and under it was found a layer of
cale-spar, apparently the remains of the transparent wing ; beneath
which again were the ridged impressions of the under part of the elytra,

Fig. 22, Pl ix.—This is the remains of a shell like Melania, which
was conical, elongated, composed of five whorls, the latter costated
transversely. Length 1 inch, and breadth % inch ; total length of the

impression it inch ; the additional length does not appear to have been

caused by a part of the shell, though by something belonging to it. Loe,
black shale.

Obs.—The specimens of this fossil are very indistinet, and formed
of the same material as the black carboniferons shale in which they are
imbedded. 'There are other impressions of a smaller shell of the same
kind, but with a rounded apex, like that of Pupa : all were found by
Dr. Leith.

In the chert of the upper strata, containing an abundance of Cyprides
with fragments of plants, the section of a roundish shell, something
like Paludina, was found.

Repliles.

Rana pusilla.—This is the name which has been given by Professor
Owen to the fossilised remains of the skeletons of the frogs to which I
have had occasion to allude. The following is Professor Owen’s de-
scription of them, which will be found in the Quart. J1. Geol. Soe., vol.
iii. p. 224, taken from specimens given to Mr. Clarke by Dr. Leith, whe
was the first person that discovered them :—

“The portions of shale transmitted by Mr. Clarke contain delicate
but for the most part distinet traces of the generally entire skeleton of
small anourous Balrachia ; the osseous substance is black, as if charred.

“The number of vertebrm, atlas and sacrum inclusive, is nine; the
caudal vertebr are fused into a long, slender, cylindrical style, as in
most anourous Batrachia.

“In the specimen (Fig. 1) which lies on its back, the posterior con-
vexily of the vertebral bodies is shown.

“The short, sub-cylindrical, and very slightly expanded lateral or
transverse process of the sacrum, and the absence of ribs or their rudi-
ments in the dorsal vertebrw, with the proportional expanse of the skull
and length of the hind legs, show the specimens to belong to the family
of Frogs ( Ranide).

“There arc seven abdominal vertebre, with long and sub-equal trans-

C Rl
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‘verse processes, that of the second (third verlebra including the atlas)
being the longest. The humerus is cylindrical, not expanded, as in
| Cystignathus. The head is a little larger relatively than in Rana
\temporaria, Rana esculenta, ov Hylu viridis ; and still larger therefore
'than in the Toads and Natterjacks (Bufonide ), or than in the Pipa ; the
 expansion of the sacrum removes the genus Pipa and the Bombinalores
' from that of the present fossils. The following are admeasurements of
i the more perfect specimens :— ]

Inches. Lines.

Length from front part of head to symphysis pubis 0 6}

, ofthehead..........cioeviveenennnans O 21
,  of the dorsal vertebral series ........... 0 2%
, of osinnominatum ..........c.coneeenen 0 23
e T e S TR 2%
,  of anchylosed tibia and fibula............ 0 2%
e O 18TEUB .04 i L S e A a1 1}
5 Of wholefoot......cooioiusinenneeecn.. 0 4}
,  of whole anterior limb .. ................ 0 4

« All the specimens belong to individuals which had completed their
metamorphosis, and they are similar to one another in size; they may
have belonged either to a not quite full-grown brood, or to an unusually
small species, of Rana.®

“They conform in all respects as closely to the typical organization

of the Frogs of the present day, as do the fossils discovered by Goldfuss
in the tertiary lignites of the Siebengebirge, and referred by him to Rana
diluviana ; but the Bombay batracholites differ not only in their smaller
size, but also in their proportionally larger skulls.”

In most of these skeletons the teeth may be seen, and the bones are
found (as Professor Owen has stated) in a charred state, in the black
shale, which at the Sluices exists in separate layers, towards the lower
part of the undisturbed portion of the fresh-water formation. They have
not, however, yet been found in situ; but their position is inferred from
the character of the shale in which they are imbedded. Generally the
skeleton is entire, with the extremities more or less flexed, as they would
be in a dead frog; and they lie flat on the black mud on which they
have been deposited, alone, or amidsi layers of eyprides. They abound
at the Sluices, and in black shale excavated from wells on Malabar Hill,
three miles Dlr; and appear to be confined to the part of the fresh-water
deposits mentioned ; but are there found in different layers. In one
specimen of black shale, which is % inch thick, and composed of six

* Part of the posterior extremities (tibie) of a larger frog have since been found in the same
shale by U_'r. Leith, which he computes to have belonged to a frog about three inches long.
They are in the Museum of the Bombay Asiatic Society,
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layers, they appear on every layer; in another specimen, belonging to
Dr. Leith, they are on layers an inch apart, a deposit of brown shale half
an inch broad intervening between the black earboniferous layers; and
in one instance, in and around a disturbed and broken up portion of black
shale, I have met with their bones scattered with Cypris cylindrica, (7)
in the heterogeneous-looking argillaceous deposit, probably of igneouns
origin, intercalating and surrounding that shale ; while in the unbroken
part of the shale itself the skeletons are entire, and the disposition of the
bones the same as that in parts where they have been undisturbed. That
the enveloping material here is of igneous origin is proved by its bluish
or greenish-grey colour, its heterogeneous-looking appearance, its argil-
laceous nature, its massive and unstratified form, and effervescence with
acids. Hence it seems probable that in breaking up the black shale it
swept off the loose bones of the skeletons, and carried them into the
positions mentioned. Had it been otherwise, viz. that the igneous mat-
ter had flowed into the fresh water, and killed these animals, then there
would have been no broken up black shale present, with the undisturbed
skeletons entire in il; for the former would have overflowed the latter,
and not have intercalated it. But this will be betier understood when
we come to consider the igneous effusion which has intruded these strata,

Testudo Leithii, n. 5. c. (Plates x. and xi.).—The remains of nine
specimens of this tortoise have been found by Dy. Leith, and the follow-
ing description has been taken from them :—

Carapace (Pl. x.).—The 1st dorsal plate is pentagonal, almost quadri-
lateral, with two irregular sides in front, meeting at an extremely open
angle, and behind a border slightly concave anteriorly ; its lateral boun-
daries are rectilinear and divergent. 2nd dorsal plate about twice the
size of the first; hexagonal; half as broad again transversely as it is
antero-posteriorly; posterior border suddenly convex forwards in the
centre, and longer than the anterior border; lateral borders undulous,
and meeting at an obtuse angle outwardly. 3rd dorsal plate one-tenth
less than the second ; hexagonal; nearly twice as broad transversely as
it is antero-posteriorly; posterior border abruptly convex forwards in
the centre; much less in length than the anterior border; anterior lateral
sides convex outwards; posterior lateral sides convex inwards, both
meeting at an obtuse angle laterally. 4th dorsal plate a little more than
half the size of the third; hexagonal; contracted posteriorly ; posterior
border straight; antero-lateral sides also straight, and short; postero-
lateral convex outwards, both meeting in an obtuse angle. 5th, or last
dorsal plate, heptagonal, triangular, with the apex trancated : contracted
in front ; presenting posteriorly four sides, which unite with the two
supra-caudal, and half the two first femoro-marginal scales; lateral
sides rectilinear,
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' Antero-costal plate tetragonal, sub-triangular. 2nd costal pentagonal,
its two inner sides forming an obtuse angle upwards. 3rd costal quadri-
lateral. The last pair of the costal ranges are broader above than
'below, and present six sides, by the three smaller of which they arti-
'culate with the marginal plates which correspond to them.

Marginal scales 24. Marginal collar and first brachials sub-quadri-
lateral, longer than broad ; second brachial pair trapezoidal ; supra-
icaudal sub-square, trapezoid ; first and third margino-femoral pairs
pentagonal, the latter longer than broad ; the intervening ones square ;
fifth margino-lateral oblong, broader behind than in front, Of the other
margino-lateral scales there are no specimens.

Plastron (Pl. xi.).—Plane elliptical ; round anteriorly, and notched
in the centre posteriorly, but not deeply ; intergular plate four times
larger than the gular, and pentagonal, sub-triangular, the two posterior
sides meeting at an obtuse angle : gular plates resemble isosceles tri-
angles, with their posterior edges a little bent outwards, towards the
apex. These three anterior plates are locked in between the brachials,
which resemble scalene triangles ; they are not so large as the intergu-
lar plate. The portions of the pectorals and abdominals which cover
the sternum present square figures. The femorals are quadrilateral,
having their internal lateral border less than their external lateral one,
which is slightly convex on the outer side. The anal plates are trian-
gular and rounded exteriorly, and cover that part of the sternum to
which the pelvis is soldered. (See plate.)

Where the axillary and inguinal scales might have existed the parts

- are imperfect, but there do not appear to have been any.

The head appears to have been triangular and flattened, unless this

- arises partly from pressure, and the nostrils obtuse ; there is a deep

gutter extending from the muzzle backwards, becoming superficial as it
approaches the superior occipital bone. The orbits themselves are
directed upwards.

The pelvis is soldered in front to the sternum, and the tail appears to
have been so short that it only just extended beyond the ilia. Fortu-
nately the point of itremains in one specimen in that position.

Dimensthns,—Length of carapace 7} inches, breadth in its flattened
state 6 inches. Length of plastron 7 inches; breadth at inguinal angles
about 2§ inches, and breadth in the centre about 4¢ inches.

Head —From the nasal extremity of the anterior frontals to the basilar
bone 11#inch; distance between the posterior angles of the orbits {3
inch; distance between the anterior angles of the orbits ¢ inch; dis-
tance between the posterior angle of the orbits and the extremity of the
mastoid process, which is prolonged backwards, 1.% inch; width
between the condyles of lower jaw 14 inch. Loc. The remains of these
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tortoises were found in the shale execavated from the nndisturbed part
of the fresh-water formation at the Sluices. Dr. Leith, however, is
under the impression that one of the specimens came from a pit in the
eastern side of the flats just opposite. They have not been found in
situ, but appear to have come from the middle of the undisturbed strata,
Obs.—Thus, it will be seen, from the pelvis being soldered to the
plastron, that this tortoise belonged to the Pleuroderal Elodians of Dume-
ril and Bibron, none of which are now found in Asia; and from the
absence of the nuchal plate, that it belonged to one of their first five
genera. Also from the form of its scales generally, as well as the short-
ness of the ftail, that it came nearest the genus Stermotherus, and
of the species of this genus nearest, in the form ol its scales, to S. casla-
neus. (Dumeril et Bibron Erpétologie Générale, vol. ii. p. 401.) Tt
differs, however, from the latter species in the anterior lines of the pec-
toral scales of the plastron being parallel with those of the abdominal
scales, instead of meeting at an angle backwards. In size it agrees
exactly with the length of the carapace of Sternotherus niger ; the plas-
tron is also very nearly as large as the carapace. In the specimen from
which the drawing has been chiefly taken, the plastron has been pro-
bably pushed forwards out of its original position, by the pressure to
which these parts have been subjected during fossilisation: in all the
specimens both carapace and plastron are in contact. The horny parts
of both, marked externally with their intricate network of grooves, as
well as the outer layers of the bones themselves, are all charred, while
the cancellous structure of the internal parts, being filled with cale-spar,
presents its original appearance. Above are described all the parts of
this tortoise which admit of it: the remains of nine individuals, as
before stated, have been found, all very nearly of the same size, and all
by Dr. Leith, after whom I have named it, and to whose general attain-
ments and acute observation we are indebted, not only for bringing to
light the existence of the remains of this animal in the fresh-waler
strata of Bombay, but for almost every other valuable specimen that has
been obtained from them,—thus claiming, in fact, the merit of having
first directed the attention of the publie to this interesting formation.
Distribution of the Fresh-water Strata.—Having described the npper
strata of the fresh-water formation where they are best seen, and a few
of the fossils which have been found in them, let us now trace them
throughout the other parts of the island. I have already stated that
they are overlain by the Trappito-basaltic tract, and that this tract in the
first instance was probably continuous all over the island, but thatit has
since been broken up into the ridges already described, and much of the
parts which intervened carried away by denudation. Hence, it may be
conceived, that the same agent which threw up these ridges also threw



FRESH-WATER FORMATION. 143

ap at the same time more or less of the fresh-water strata which lay be-
neath them, and that therefore the latter will be found exposed on
‘the scarped sides of, as well as in the plains between, these ridges,
‘where the Trappito-basaltic tract has been uplifted or removed. ‘I'hat
‘such are the facts will presently become evident,.
| Beginning with the ridge on the outer side of the island, called Mala-
‘bar Hill, we naturally look, in its scarped or eastern side, for the strata
‘in question, and there we find them overlaid by the Basalt, which in
isumﬂ parts is 50 feet thick; while they are completely hid on the other
‘or western side, where the Basall, which at first slopes suddenly over
‘them, afterwards, as before stated, extends outwards into the sea at a
very small angle of inclination. If we commence, then, from Malabar
' Point, which has been stated to be the southern extremity of the outer
ridge of the island, we shall perceive these strata on its eastern side ap-
pearing just above the water’s edge about 50 yards in; they are easily
distinguished by their light brown or fawn ecolour, which contrasts strongly
with the black Basalt above them. Following them northwards, we find
that they gradually increase in thickness as the ridge rises; but after
two-thirds of a mile suddenly become contorted and twisted into all
' kinds of shapes, indicating that at this part, which extends for about 300
' yards, they have undergone more disturbance than at any other, and a
'short search shows us that it has been caused by the intrusion of an
\igneous rock. It was from the contents of a well excavated at this spot
‘that the specimen of black shale and igneous matter, containing the
‘bones of the frogs in a scattered state, was obtained. After this disturbed
| portion, the strata again resume iheir parallelism, and may be traced
along the whole of the eastern side of Malabar Hill to Mahaluximee,
where there is a break in the ridge of 1,000 yards, extending from the
place last mentioned to Lovegrove Point or Mama Hajanee, from whence
the ridge is again continued on to the Sluices, where there is a second
break, about 250 yards wide, and where the cut of the Sluices, which
extends from the # Flats” to the sea, exposes the section from which the
foregoing description of this formation has been chiefly taken; and
from which the principal part of the fossils mentioned has been derived.
¥rom this break on 10 Worlee Fort, or the northern extremity of the
outer ridge, the [resh-water strata may be again traced, cropping out
from the scarped portion of the Basalf, and at the latter place may again
be seen to be intruded by igneous matter.

Throughout the whole of this ridge they present an anticlinal eleva-
tion, one side of which dips more or less to the west, the other to the
east, becoming almost horizontal again at the base of the ridge, where
they extend, concealed under the Basalt, into the sea on one side, and,
exposed, over the “Flats” on the other. At the Sluices the dip of most
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of the strata on the west side of the antielinal axis is more than 45°, and
on the east side would appear to be the same, but is obscured by the
Sluices; while the intruded igneous matter is seen filling up the angle 5
of the arch thus formed, as if it had been the disturbing agent,

We now come to the ¢ Flats,” and here the fresh-water strata are not
continuous any more than the Trappito-basallic tract, both having,
apparently, been broken np together, and suffered a like denudation : it
is only here and there that a portion of the fresh-water strata is seen
entire, being for the most part mixed up with intruded igneous matter,
or entirely transformed by decomposition; but, on passing across the
¢ Flats,” we again find them here and there, overlaid by the Trappite, and
hence we may expect to find them exposed again in the scarp of the
eastern ridge in a similar manner to that we have scen on the western
ridge, for, tracing them where they are yet entire on the eastern side of
the ¢ Flats,” viz. at the end of the Grant Road, we find them 600 yards
further due east, viz. in Baboola T'ank, underlying the Trappile, as before
stated ; and again, 650 yards still further, in the scarp of the quarry on
the eastern side of Nowrojee Hill, but here in a thin line, either on
account of the intruded igneous rock having merely separated a foot or |
two of the upper part of this formation from the rest, or from the pres- $
sure of the incumbent Trappito-basallic tract, which is here very thick.
In Baboola Tank these strata, which are only five feet thick, are seen lo
have only four feet of Trappite left above them, while in Nowrojee’s quarry
they have 90 feet. Again, after tracing this formation across the ““ Flats”
opposite Parell to the eastern side of Parell Tank, we find its strata
appearing in the wells there also, with only a few feet of Trappite above
them; and, if we cross over the hill, we shall find them cropping out
again on its eastern side. Thus they are seen to pass across the © Flats," &
and to appear again on the searped side of the eastern ridge, proving that |

|

they have been everywhere superposed by thé Trappito-basallic tract. i
Let us now go to the searp of the eastern ridge, and follow these strafa &
northwards, from Nowrojee's quarry, where, as before stated, they are i—
reduced to a thin line. For some distance aflter this the state of the hills,
from being covered more or less with grass, does not permit of our see-
ing them satisfactorily, but when we come to the southern extremity of
Chinchpoogly Hill, the thin stratum, composed of the casts of Cyprides,
with fragments of plants, which I bave before stated 1o mark the upper
boundary of this deposit, is again recognised, immediately underlying
the Trappile, and not more than 30 feet above high-water mark. This
stratum, in a broken, black, basaltified state, may thence be traced for
600 yards, rising all the way, until it is elevated by a subsequent
igneous eflusion to the crest of the hill itself. From this we may tracé
{hese strata on to Parell Flagstaff Hill, and thence to a tank beyond *
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the Gardens, where they exist in very thin layers, making in all 16 feet
thick ; wavy from disturbance, and dipping, as usual, greatly towards
‘the west, They are here richly charged with fragments of plants, and
Ithe casts of Cyprides, but do not present a single black earboniferons
Ilﬂmiua; although immediately on the other side of the ridge opposite
Parell Tank there are portions of interlaminating black bituminous shale
which have been excavated from the wells there, just like those which
are obtained from the wells at Malabar Hill and the Sluices, in which
the frog-skeletons are found.

From the former tank the fresh-water strata are continued northwards
throngh a valley, over an area of upwards of a mile long, and from two
to three hundred yards broad, uncovered by the Trappitec as in the « Flats,”
and forming a horizontal plain between the first and third eastern ridges,
already deseribed, until they reach the village of Nagaum, on the road
to Sion, where they join the strata on the  Flats,” and the main ridge of
Trappite is for a certain distance reduced almost to a few boulders.

This formation may again be seen in the valley between Kandlee
Battery and Jackaryah’s Bunder, that is, between the second and third
eastern ridges, passing up to the tank at the north of the Gardens, and in its
way exposed in a large excavation to the depth of 16 feet, dipping, as
usual, towards the west. Lastly, this formation may be seen again on the
eastern side of the third ridge, extending northwards from Jackaryah's
Bunder, more or less broken up, to Sion, at the northern end of the island,

From what has been stated, then, two facts are now evident, viz.
that there is a fresh-water formation, and that it is partly overlaid by the
Trappito-basallic tract, or 1st of the Secondary Voleanic Effusions, which
was once continuous, and probably horizontal. After this, a third fact
becomes evident, viz. that there must have been some subsequent cause
1o throw up these two formations, at first parallelly and horizontally
applied to each other, into their present ridges. The consideration of
this cause brings us to the description of the intruded igneous matter or
2nd of the Secondary Effusions.

Second Volcanic Effusion—I have already alluded to the presence of
igneous rock among the contorted strata, a short distance in from Mala-
bar Point; that it is seen again at the cut of the Sluices, and again at
Worlee, the northern extremity of this ridge; also in different parts
of the “TFlats,” &ec.; but I have designated this effusion by no par-
ticular name, for when we remember that it has flown in between the
aqueous strata, breaking them up into fragments, bruising them into
powder, and more or less amalgamating with them, we cannot wonder
that in one place it should have assumed one form and in another
another, depending upon the quantity of foreign material with which

it has become mixed. Hence it will be necessary to go to that
19 ¢
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place, or places, where it is most pure, first, and ascertain its original
character. For this purpose let us begin with it at Nowrojee Hill,
where it is 40 feet thick, and apparently as pure as when it first came
from the volcano. Here it underlies the thin line of fresh-water strata
mentioned, in the form of Trappite, differing so little from that above
this line, that, until we compare the two closely, their distinguishing
points do not become appreciable ; when, however, this is done, the chief
difference is found to consist in the presence of a greater proportion of
argillaceous earth, which renders it softer and more easily yielding to
the hammer, and this, together with its deeper blue leaden colour, en-
ables the quarrymen to recognize portions of it immediately, whena
passing observer would not know whether they belonged to the Trap-
pite above or below the fresh-water stratum. This is the state of this
effusion, I presume, where it is seen intercalating the aqueous strala
below Dr. Buist's house, or nearly opposite Sewree, but the part exposed
there is decomposing into spheroids, and too far advanced to satisfac-
torily exhibit by fracture its original state. In Baboola Tank, and at the
tank north of the Horticultural Gardens, it is an amygdaloid aphanile,
with a greenish-coloured base, the cavities being filled with lanumonite,
which is surrounded by green-earth, and which substance in many
places seems to become a psendomorph of laumonite. On the Chinch-
poogly part of the eastern ridge, just behind the house called Lowjee
Castle, where there has been an outburst of a still later effusion, the
cavities of the former, which is decomposed where it remains on the
upperside of the latter, are partially or wholly filled with quartz erystals;
large crystals of hyalin and amethystine quartz from crushed geodes
are also seen in it: while on the lower side of the dike the cavilies of
the amygdaloid are filled with green-earth in a fresh green, and decom-
posing brown, rock. They are also filled with quartz in the neighbour-
hood of Sindu Para; in an area of about half a mile square, on the
western side of Ghorpadevi, towards the # Flats,” where the rock is
brown coloured ; and, further north again, with green-earth, that is to say,
in the neighbourhood of the house called Lowjee Castle. On the eastern
part of the “Flats,” nearly opposite Parell, the cells are filled with
calc-spar, and for several feet down the rock is a brown spilile, ( base
aphanite, filled with crystals of cale-spar,) imbedding pieces of the
aqueous strata towards the surface, which become less downwards, and
the rock, becoming blue, at length passes into Trappite. In some parls
this rock is veined with cale-spar, and inothers presenis geodes or large
cavities, filled with large lenticular nail-headed erystals of the sameé,
resting on their edges. Still further north, again, at Dharavee, this
effusion is of a light yellow or fawn colour, and is commonly called
“ White Trap.” There is a large tract of it here, and in many parts -
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where it is amygdaloidal, the cavities are filled with a soft fine white
clay, like white green-earth, which seems to be the ultimate pseudo-
morph of laumonite here.* In the museum of the Asiatic Society there
is a radiated mass of scolezite, passing into a fine flesh-coloured greasy
psendomorph, very like pagodite; and also several massive varieties,
which have lost their erystalline appearance, and have assumed a com-
pact structure, which is opaque, white, and greasy to the nail; so that
this passage of a zeolitic mineral into fine soft clay seems not to be un-
common. Crossing to the weslern ridge of the island, we have this
effusion, as before stated, amidst the aqueous strata, apparently possess-
ing all the ingredients of the blue Trappile seen in the quarry at Now-
rojee Hill, but without the semi-crystalline structure. The blue earth
is evident, but the rest of the ingredients have taken on an earthy,
argillaceous state,and have become more or less impregnated with cale-
spar, which causes this rock to effervesce when touched with nitric aeid.
From the wells on Malabar Point it comes out partly in the form of a
clay rock of uniform fine structure, and blue colour, still effervescing with
nitric acid. Tn some portions of this there are small angular fragments
of a white colour, which seem to be parts of the fresh-water strata, and
thus identify this breccia with an effusion which by-and-bye we shall
find widely spread on the other side of the island. At Worlee, where
this rock is exposed, it is of a bright red brick colour, and filled
with [ragments of the preceding formation ; and at the Sluices it is of a
bluish colour, and envelopes large masses of carboniferous shale, besides
being impregnated throughout with a naphthous odour; while between
these two places itis found in a decomposed amygdaloidal state. Where
it appears on the sea-shore, at Malabar Hill, pieces of empty scorie are
imbedded in it—the only instances of the kind I have met with in the
island of Bombay. At the cutin the Sluices this rock is seen filling the
internal angle of the anticlinal elevation of the aqueous strata; appearing,
as before stated, to have been the agent by which the whole of this ridge
has been elevated. It isseen in many parts of the ¢ Flats” much in the

* Here also may be seen an instance of what oceurs in the Deccan on a more enlarged seale,
wiz. the replacemaent of cale-spar by quartz. Many of the cells are partly filled by the former,
which is evidently giving way to the formation of minute hexagonal prisms of the latter. Talso
found milk-white calcedony here combined with “ green-earth * equally rich in colour to any
I have seen from the Decean.

Nicol, in his Mineralogy, classes * green-earth” with the © clays.” Phillips places it under
a“ nhlnri_ta.” Hauy’s name for it was “tale zographique.” Dana writes, “The green-earth
accupying cavities in amygdaloid is near chlorite. It is a silicate of the peroxyde of iron with
some potash, magnesia, and water.” In the museum of the Asiatic Society there is apparently
a large tabular erystal of it on a piece of granitic rock, whieh has all the sectile greasy characters
of chlorite together with the colour of deep-green “ green-carth.” 1 have added this note

beeause many think that the green mineral of the Trappean Rocks in the Deccan must be a
compound of copper,
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same stale as in the western ridge, having, in short, intercalated and
broken up the f{resh-water strata more or less throughout the island,
North of aline extending from Parell to Worlee the whole of the ¢ Flats”
under the clay is covered with the thin stratum composed of the casts
of Cyprides, which has been chertified, and rendered more or less jaspi.
deous by heat; thus affording a serviceable material for forming the
surface of the railway in this part of the island.

Hence we have seen, that the 2nd-effusion in its purest form at
Nowrojee Hill is Trappite, and that it passes into aphanite,—the latter
may be seen taking place within a few yards, in some small tanks and

excavations on the eastern side of the railroad, towards the middle of the

island. 'We have also seen the Trappile in other places passing into an
amygdaloid, the cavities of which are filled either with lanmonite, quariz,
green-earth, cale-spar, or fine white clay (decomposed laumonite?),
according to the loeality ; also that in some places it contains more or
less fragments of the aqueous strata ; is sometimes a blue compact hard
clay; sometimes a breccia; and, last of all, that it may have an earthy
or crypto-crystalline base, coloured blue, green, brown, yellow, or red.
We do not see the Trappitic or amygdaloidal form of this effusion any-
where breaking through the Trappito-basaltic tract; at the same time we
seeit interlaminating to a great degree the fresh-water strata ; from which
it may be inferred that it was thrown out under a great weight, and
that this superincumbent weight was the Trappito-basaltic tract itsell.
But for this extensive interlamination, it might have been doubtful whe-
ther it had not been thrown out while yet the aqueous strata were in
process of being deposited, and that there was then an interval again,
during which more aqueous strata were deposited; and, last of all, the
Trappito-basallic tract poured forth over the whole. It is, however,
almost impossible that, in such loose soft strata as those composing
the fresh-water formation, an interlaminating intrusion of the igneous
rock should take place to such an extent as we see it, without the pre-
sence of a superincumbent weight, such as the Trappito-basaltic' tract
must have formed; it would rather have burst through the whole of the
thickness of these strata in the form of a great dike, and then have
overflowed them. On the other hand, its amygdaloidal form chiefly
distinguishes it from the Basalt and Trappite of the Trappito-basaltic
tract. The late Captain Newbold has observed respecting the Trappean
Effusions and Diorite (J1. As. Soc. Bengal, vol. xiv. p. 204), that in the
Southern Maratha Country, the Diorites “ are distinguished mine-
ralogically from the tertiary or overlying traps, by their rarely assuming
an amygdaloid character, and their freedom from agates, opals, calce-
donies, zeolites, green-earth, olivine, &c. so abundant in the latter.”
Thus the third fact becomes evident, viz. that the second effusion was
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one cause, if not the first and principal, of the displacement of the Fresh-
water Formation, and the Trappito-basallic tract.

' Third Volcanic Effusion.—We have now a fourth fact to establish, and
hat is the occurrence of a third volcanic effusion, by which the strata of
‘the Fresh-water Formation and other rocks have been thoroughly broken
|up, and converted into a Voleanie Breccia, forming a large tract. This
.!rar:,t extends from Carnac Bunder to Sion Causeway, and forms the
Igutlre of the chain of hills bordering the north-eastern end of the island,
fmm the Fort of Sewree to Sion, inclusive. It would be difficult to
prove that it was a subsequent effusion to the last mentioned, were not
large portions of both the Trappito-basaltic tract and the amygdaloidal
effusion mixed up with the fragments of the aqueous strata contained in
it. But the presence of the amygdaloid alone places this beyond a doubt.

Let us now trace this Voleanie Breccia thronghout its whole extent ;
but, before doing so, it would be as well to premise that the igneous
matter binding together its fragments is aphanitic, and for the most part
of a white colour, speckled with brown, but passes from blue, which is
probably its original colour, to green, yellow, brown, red, and, lastly,
black, varying according to its compactness and extent of decomposition.
It is generally earthy, sometimes where decomposed sandy, and in some
parts hard or wholly jaspideous.

Commencing from Carnac Bunder or its southern extremity, we find
this effusion for the most part white, and extended over a large area,
which is covered by the sea at high tides. Large fragments of the Fresh-
water Formation are here seen imbedded in it, as well as fragments of the
other rocks, some of the former zix [eet long, and still retaining their
thinly laminated appearance, and so plentiful that the whole mass
assumes a dark colour from their presence, but this will be found to be
confined principally to the surface. Tracing this Volcanic Breecia north-

wards, we find it passing under Mazagon Hill, the base ol which it
' forms; and the wells in it on the northern side, extending downward
for 60 feet without passing through it, show how thick itis. Here, also,
we see that the brecciated part is chiefly confined to the surface. The
newly excavated contents of these wells also show that some way down
this effusion is extremely while, like lime, but it is chiefly composed of
silex: when I was examining them some people were taking portions
away to whitewash their houses. In some parts also it is mnuled blue
and green, orred, and in structure and nature is granulo-pastic. We now
find it bordered on the eastern side by the second Trappitic ridge, which
probably overliesit; and in the neighbourhood of Tank Bunder itsbrecei-
ated form appearsin perfection. All the rocks of which it is composed
are here seen in large masses, or in comminuted fragments, varying in
size with the locality, and with the coarseness of the breccia; but what is
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most remarkable is its separation in some parts into polygonal or pris.
matic divisions, at once proving that it is of voleanic origin. From Tank
Bunder it may be traced on to Chinchpoogly Hill, keeping prinecipally
to the shore, and thence to Jackaryah’s Bunder, where it assumes tle
form of sand of a yellow colour, imbedding large fragments of the
aqueous strata in a red or black jaspideous state. From thence to under
Dr. Buist's house, nearly opposite Sewree, it may be seen passing in
between the less disturbed aqueous strata which here lie beneath the
second effusion ; and on arriving at Sewree itself we come to the tractof
it which extends uninterruptedly to the northern end of the island, form.
ing every hill and mound between Sewree and Sion; thus covering an-
area of about three and a halfl miles long, and in its broadest part three-
quarters of a mile wide. It will surprise the observer at first to find that
it assumes the appearance and structure of a coarse black homogeneons
jasper at Sewree ; but, if he examines this carefully, he will see in parts
of it which are washed by the waves, large fragments of Trappitic and
amygdaloidal rock; and whenhe comes to approach Antop Hill from
the west, which is still more homogeneons and jaspideous, he will find
that he walks over the light-coloured Volcanic Breccia first, and then
over a blacker and blacker coloured, until the fragments of stratified
rock become mingled more and more with the igneous effusion, and
at length disappear altogether, giving place to the homogeneous com-
position mentioned. It was here, in the plain between the village
of Wadalla and Antop Hill, that Dr. Leith pointed out to me, in a
group ol semi-jaspideous black rocks, alarge piece of coarse-grained
white crystalline Diorite, looking at first sight like granite or syenite,
also many portions of Trappite, much larger in grain than any which
is to be found on the surface of the island of Bombay in situ. These,
then, must have been brought up from a depth by the igneous effu-
sion, and it may be questionable whether they are not portions of the
rock on which the Fresh-water Formation rests. Striking as the gradual
passage just mentioned of the Voleanie Breccia from one state into another
may appear, the sudden transition of the black jasper of Antop Hill into
the light-coloured breccia of the one adjoining it is mueh more remark-
able, for in the latter instance you may almost put one foot on one and the
other foot on the other, though they belong to the same effusion. After
Antop Hill all the others in this neighbourhood, some upwards of 130 feet
high, are composed of a light reddish-coloured breccia, compact exter-
nally, that is where it is not decomposing. In some parts the fragments
composing it are all small, and in others large and small, butall sharply
angular. Here and there, also, may be seen polygonal divisions on the
surface, indicative of the prismatic form common to basaltic rocks. Iam
led to believe that this breccia forms a great part of the mountains in
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Halsette, and indeed have seen it not only forming those of the middle
yut those also of the northern and southern extremities of this island.
Let us now return to the neighbourhood of Mazagon, where the
[rappite remains continuous over a larger area than in any other part of
he island: and here we shall find that almost all the wells pass
hrough it into this white brecciated effusion. Where this is not the
sase, they are more or less veined or diked with it, and in several
slaces we may observe thatit has broken through the Trappite, and spread
tself for a short distance over its surface, showing clearly that it must
have been a subsequent effusion to the Trappile at least. Indeed, when
we come to consider that the Trappite overlies the aqueous stratla, we can
sasily conceive how it should be underlaid by the second and third
igneous eflusions, which have followed the course of these strata ; but
it is only the latter effusion which seems to have burst through the
Trappile.
We have now traced this effusion coming from under the base of the
sastern ridges throughout its whole length ; and we have seen it forming
the plain and hills in the north-east part of the island ; we have also
seen it forming the lower part of the wells in the Trappitic tract of Maza-
gon, and we have seen it veining and diking, and at last bursting
through this rock in the same locality ; but we have still another place
left to examine it, where it forms half the ridge between Chinchpoogly
and Parell Flagstaff Hill. Here it begins to issue 600 yards south of
the latter from a dike, which descends rapidly on the eastern side of
the ridge, separated from the Trappile above by about six feet of amyg-
daloid, belonging to the second effusion, to which [ have already alluded
(page 146), and below by the same amygdaloid, partly in a fresh and
partly in a decomposed state. The Volcanic Breccia here is chiefly
composed of the white powdery aphanite before mentioned, with brown
specks ; the former melting into a white porcelain globule with borax, the
latter attracted by the magnet, alter exposure to a white heat. It contains
but few fragments of the other rocks, and its chief peculiarity—that, in-
deed, which distinguishes it from all other effusions of the island—is that
itis filled with cells which are elongated horizontally, as well as large and
small geodes, which contain crystals of hyalin or amethystine quartz,
calcedony, or agate. The geodes are for the most part compressed
vertically, and some are a foot in length, and contain crystals an inch
long, and proportionally thick ; the rock is decomposing, and the cells
and geodes, which have been filled by infiltrated agate or calcedony, are
lying about the neighbourhood, affording a good example of the way in
which the so-called agate and cornelian mines are formed. This rock,

—

which issues at the point mentioned, is continued on, f-:}rming the
eastern side only of the ridge for some distance, when it crosses it
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diagonally to attain the western declivity of Parell Flagstaff Hill,
down which it extends for a short distance, and there ends. Just at thig
part the road from the Horticultural Gardens to Parell passes over it,

One observation only remains for me to state respecting this effusion,
viz. that there is a dike of it seen passing up through the westernmaost of
the hills at Sion, through the base of which the railway has been ent,
and by which its existence has been made evident. It contains portions
of the fawn-coloured amygdaloid of the second effusion (% White Trap”),
which, it will be remembered, exists close by in a large tract at the
village of Dharavee. The cellular cavities of the fragments are also
filled with the fine, white, greasy earth which I have stated to be a .
pseadomorph, if not a decomposed form, of laumonite. This dike,
which is 16 feet wide, and rises at an angle of 80°, is inclined towards
the south, but, from the red colour of the breccia through which it
passes, it is fast becoming discoloured, and in a short time will be un-
distinguishable on the surface from the rest of the rock. There isanother
dike of it in a cut of the road towards Trombay, just on the other side
of the Canszeway, in the island of Salsette, which is two and a half feet
wide ; it has a nearly vertical direction, and passes between the Trappite
on one side and the red breccia on the other. These dikes, then,
constitute a Fourth Effusion, from their passing through the third
effusion.

In all the effusions subsequent to the Trappilo-basaltic, calc-spar
abounds more or less, which is not the case with the latter, in which it is
rarely if ever seen. In the blue amygdaloid aphanite at Baboola Tank it
is common in large cavities, with laumonite, occurring massive or in
pyramidal crystals; and in a fragment of the fresh-water strata about
a foot in thickness, and many yards square, which was cut through in
sinking a well at the south-eastern corner of the tank, the cale-spar
especially, abounded in the cavities following the line of the stratum.
This was the case, too, in a well which was excavated at Paidhonee, in
the centre of the Native Town. Throughout the more brecciated portion
of these effusions it is disseminated in small masses, or veins, or mixed
up with the rock generally, and, indeed, wherever there are portions of
the fresh-water strata present there is almost sure to be more or less
calc-spar, though the former are essentially argillaceous; while the
opposite is the case in the other parts of the igneous rock, which are not
mixed up with the fresh-water strata. With the exception of a little
pyrites here and there, calc-spar is the only accessory mineral worth
mentioning in these effusions.

The consistence of the Volcanic Breccia varies very much : in some
parts it is exceedingly hard and tough, as at Carnac and Tank Bunders,
especially towards the surface, where the massisin polygonal divisions; _
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t towards the interior it becomes soft. Inawell which was excavated
nto it through the Trappite ridge nearly opposite Sewree, it cut like
:heese, and so similar in consistence was the whole that, but for the

‘resh smooth seetion, I could not have distingnished the angular {rag-

ments. In other parts, again, where it is exposed, it is loose and sandy.

sut, from the presence of argil, always of suflicient consistence to keep
together,

. From the protean nature ol these effusions, then, it is not unlikely

that some of them should resemble the rock called Laterite, which is so

Ewitlely spread thronghout the Trappean Distriet of Western India, and

'such is the ecase. It may not be uninteresting, then, to compare the

itw{:; but, before doing so, let us shortly review the opinions and de-

!mriptiuns that have been given respecting Laterite, and {or this purpose

I shall quote largely from Mr. Cole’s interesting paper on this rock,

published in the Madras Journal of Literature and Science, vol. iv. 1836,

p. 105.

Characters of Laterite.—Dr. Buchanan (Gleanings of Science, May
1831), who first described and named this formation, says that ¢ it is full
of cavities and pores, and contains a very large quantity of iron, in the
form of red and yellow ochres. In the mass, while excluded from the
‘air, it is so =oft that any iron instrument readily euts it,” but after ex-
;pusure becomes ¢ as hard as brick.” He never observed any “animal
‘or vegetable exuvi®” in it, but had heard of such having “been found
immersed in its substance” : it blackens externally on exposure, and is
found universally overlying granite. Dr. Buchanan nowhere mentions
\its association with trappean rocks. But Dr. Christie (Mad. J1. vol. iv.
'p. 468) states that “ it is found resting in different situations, on granite,
‘transition rocks, trap, and sandstone.” It may be scen at Mahableshwur
‘eapping all the trappean mountains upwards of 100 feet thick, as well
‘as T ean remember, and giving them flat tops; and I am informed by
Mr. N. A. Dalzell that in the eliffs on the Malabar Coast about Rutna-
‘gherry it may be seen even overlain by basalt,

. Mr. B. Babington considered Laterite to be composed of the detritus
of syenitic rock, and to be alluvial, ¢ formed from the washings of the
Ghiat mounntains.” He states that *the hornblende uniformly decays
into a red oxide [of iron ?], and the felspar into poreelain earth™; that
it forms rounded hills below the Ghits;and, between Tellichery and
Madras, he accounts for its cellular structure by the rain washing away
its white parts, and leaving the red.

Dr. Voysey, who seems to have had the clearest conception on these
matters of any Indian geologist with whose writings T am acquainted,
made the following statement in a letter to General Cullen, dated 5th

November 1820, copy of which appears in Mr, Cole’s paper :—¢ The
20 ¢
]
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indurated clay you mention is very probably the result of those muddy
eruptions so common, and of such extensive occurrence, in Soutlh
America. Indeed, I am convinced that the greenstone, basalt, waeké,
iron clay or laterite, and the indurated clay, have all a common origin,
from the insensible degrees by which they pass the one into the other;
and they only differ as to the degree of pressure to which they have
been subjected when under fusion.”

Again he mentions (JI. As. Soc. Bengal, Ang. 1833, p. 400), when
alluding to the passage of basalt into wacké and then into iron clay,
[ Laterite ?] that the latter takes place « in the space of a few yards.”

Dr. Christie (loc. cit.) calls the laterite of Buchanan a clay-stone
conglomerate” (pp. 462 and 468), and states respecling its position in
the distriet of Dharwar, that it is found ¢ prineipally in its western parts,
and on the summits of the Ghats.”

Mr. Cole states of a specimen of Laterite from Nellore, given him by
the late Dr. Malcolmson, that it was filled with innumerable minute
pebbles of quartz, rarely larger than half the size of a pea, sometimes
pellucid, generally much rounded ; together with yellow and ochraceons
carthe.,” These would seem to have been the miliary contents of an
amygdaloid,—whether in situ, or in a decomposed or altered rock, or
forming foreign substances in a subsequent effusion, I cannot pretend
1o decide, but I should think the former.

Mr. Cole also quotes Mr. Coulthard (As. Res. vol. xviii.), whose
observations appear to favour this supposition, viz. that the iron clay”
about the Sagar district, and which is easy to be met with everywhere
there, ¢ is for the most part amygdaloidal.”

Lastly, Mr. Cole himsell states of the « Red Hills” at Madras, in the
hanks (15 feet high) of the old channel, leading into what is termed the
lake, that  they are composed of a dark ferruginous stone, arranged in
a stratiform manner, presenling seams or partings, two or more [eet
asnnder, parallel to each other, and nearly horizontal. Vertical fissures
interseet the seams at right angles, and thus produce prismatic masses
of rock.” The rock is a “conglomerate,” consisting of nodules of various
sizes, imbedded in a © clayey paste,” which ishard and tenacious : they
are “water-worn,” but presenta * considerable angularity of surface, yet
atill snfficiently rounded to indicate their having undergone attrition”;
in size they range from “a filbert to masses a foot or more in diameler.
Their fracture exhibits the structure of a coarse-grained sandstone, or
grit, of a deep chocolate or claret hue.” ¢ Small masses of white earth-
like lithomarge and mica are sparingly scattered in the sandstone no-
dules.” On ascending the hill on the side of the lake, the conglomeralé
disappears, and changes into the more characteristic laterite, red and
cavernous, with ¢ tortuous cavities” ; still, however, containing fragments -
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of the sandstone, seemingly united by the débris of the sandstone itself,
'of iron ores, and lithomargic earth.” (Pp. 110 and 111, op. cil)
. All these descriptions then very much approach that of the Voleanic
Breceia of the secondary effusions in the island of Bombay. The external
‘surface of the hills at Sion, and the cuttings of the railway through them,
ishnw that they are composed of a red argillaceous and ferruginous base,
filled with cavities, containing white or yellowish lithomargic earth, this
lithomargic earth principally consisting of decomposed laumonite, or its
- psendomorph in the form of white green-earth ; the masses hard super-
' ficially, and soft or sectile internally; with more or less fragments of the
fresh-water strata, Trappite, and amygdaloidal rocks. Hence it is not
 strange, il these effusions should be identical with the Laterite, that
| Lalerite should, under certain circumstances, contain organie remains; for
in the former we have masses of black shale, as at the Sluices, consisting
almost entirely of organic remains; and a hundred other instances might
be adduced in the second and third effusions, where the organic remains
are not only in masses of shale, but entirely isolated from it, and alonein
the igneous rock,—to wit, the scattered pieces of wood, &c. foundin parts
of the 2nd-effusion at the Sluices, and the frog-bones at Malabar Hill.
. The late Captain Newbold has observed, that at Pondicherry the
. Laterite “oceasionally possesses a distinetly stratified and conglomerate
' character, and passes into a loose coarse sandstone, imbedding silicified
. wood; and at Beejpoor, on the Malabar Coast, it passes into loose
' sandstone, imbedding layers of lignite”: also that General Cullen had
. discovered “lignite and carbonized seeds in the laterite of Quilon and
' Travancore.” (J1. As. Soe. Bengal, vol. xiv. p. 299.) And the following
description of the Lateritic rock which forms the upper part of the hills
in the © Rajmahal Coal Formation,” about 130 miles NW. of Calcutta—
which would very nearly do for the red Voleanic Breccia in the island
of Bombay—may be another instance of its containing organic remains,
Thus, “the higher ridges of these mountains consist of scoriform
masses of red earthy vesicular conglomerate (laterite), containing an-
gular and other fragments of altered coal-measure shales, ferrnginous
and micaceous sandstone, imbedded in a semi-vitrified and vesicular
matrix. These ridges are without any signs of stratification, except
where detached masses of altered coal formation occur ; while the upper
p::}rliun of their declivities, as well as all the lower and intermediate
ndg:as, are composed either entirely of amygdaloidal trap, containing
zeolites and calcedony, or altered coal-measure sandstone and shale,
the latter passing into the small isolated patches of coal-measures which
are found in some of the narrow valleys and ravines mentioned.”
—Report of the Geological Survey of India for the Season of 1848-49,
by J. M'Clelland, Surgeon, Bengal Service, p. 45.
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Thus we have Laterite—for such Dr. M’Clelland evidently concludes
that of the Rajmahal Mountains to be—at the three points of the grea
triangle, formed by Madras in the south, the Rajmahal Hills in the
east, and the island of Bombay in the west.

Again, we may see at Dharavee, in Bombay, the light fawn-coloured
aphanitic rock, called * White Trap,” and which I presume is equivalent
to Dr. Voysey's wacké, decomposing, and passing, as he has described
the latter, within a few yards, into a mottled white and red decomposing
rock, with ecellular eavities, filled with the soft greasy white clay
mentioned, thus confirming what this acute observer has so clearly
stated in hisletter to General Cullen, viz. “ that the greenstone [irappite],
basalt, wacké, iron clay or laterite, and the indurated clay, have all a
common origin,” viz. voleanie. x

To illustrate these Lateritic changes by simile, might I not state that as
a stream of water passing from a clear lake to the sea may become disco-
loured by the kind of detritus which it takes up on its way, still remaining
pure at its source, so a voleanie stream, on its way to the earth’s surface,
may, from the nature of the rocks through which it passes, be converted
into the various forms met with in the Laterite? 1 do not mean to assert
that such eflusions are in the same state now as when they were first
poured forth; for we know from every-day experience that the most
compact rocks, like all other things, have but a stated time to go through
their different phases ; that a re-arrangement of particles is continually
taking place in them ; that some minerals are carried away, and replaced
by others; that others are carried away, and leave nothing but their empty
cavities,—colour, substance, form, all iz sooner or later changed and
dissipated. But in the voleanic matter which has become Laterile, the
presence of foreign material does seem to have curtailed to a certain degree
its vitality, so to speak, and to have caused it to decay zooner than it
otherwise would have done; and I think, when among the Trappean Rocks
we do not observe the common forms of strueture and colours peculiar
to them both in their compact and decomposing states, we may infer the
presence of this foreign material, thongh it is not demonstrable to our
senses, Why Laterite shonld be so impregnated with iron, and the red
colour so developed in it, seems not less inexplicable than that of the New
Red Sandstone,—the Rothliegendes or Fixeter Conglomerate of which so
c¢losely resembles the Voleanic Breecia of Bombay. Mr. Logan’s hypo-
thesis, that when the red eolour has extended into otherrocks the agency
of “volcanie steam, gases, or fluids charged with iron,” may account for
their red disintegration, seems also tenable—that is, where they have
not enough iron in them otherwise. Indeed, his hypothesis thronghout
will be found hardly less applicable to the island of Singapore than it
is to that of Bombay. (JI. As. Soc. Bengal, vol. xvi. part 1, p. 531.)
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| Genuine pieces of Laterite only differ from the rock of the hills
at Sion in being more ferriferous, and in presenting a cavernous
 structure, composed of sinuous instead of irregular spheroidal cavities:
| such diflerences bearing no comparison with those which exist between
the red brecciated hills at Sion and the black jaspideous hills of Antop
and Sewree, though they are both parts of the same formation,

Thus the subsequent effusions in Bombay would appear to be identi-
cal in origin, and almost so in structure and composition, with the
Laterite, though the latter has been stated not to come further north than
the Bancote River, which is 60 miles south of Bombay. And it should
be remembered that this breceia is not confined to the island of Bom-
bay—that, indeed, we only have a specimen of it here; but that it forms
the prineipal part of the mountains in Salsette, and may be seen at the
northern extremity of that island, viz. at Ghora Bunder, which is 18
miles from Bombay, containing there, as in Bombay, large pieces of
aqueous strata, apparently identical with those of the Fresh-water For-
mation in Bombay. How far further north or south it may extend is
not yet known ; but if the masses of aqueous strata in it be really iden-
tieal with the fresh-water cnes of Bombay, their existence at Ghora
Bunder not only proves that the Volcanic Breccia extends so far, but
that the lake or river in which these fresh-water strata were deposited
must have also extended this distance.

There is one fact more which I forgot to mention, and which is still”
further confirmatory of Dr. Voysey’s opinion respecting the common
origin of greenstone, basalt, wacké, and laterite, viz. that much of the
third effusion or Voleanic Breceia, which I think we must now regard
as Laterilic, il not genuine Laierite, is in the state of kaolin, and when
pieces of it are well washed with a brush in water, they present in like
manner the angular parts of the undecomposed grains, possessing the
same greenish tint and appearance as those of the fine-grained Trappite
ol the Trappito-basaltic tract.®

Having now gone over the Fresh-water Formation ; the first of the
secondary trappean effusions, or Trappito-basallic; the second of these
effusions, viz. the Trappito-amygdaloidal, as it may be so termed ; aund
the third or Volcanic Breccia, together with the dikes of the same, which
constitute the 4th-effusion,—indeed all the older formations,—let us now
2o to the modern ones, viz. those of the Pliocene Age, the geological age
of the others being as yet undeterminable.

This modern series merely consists of the Clay which fills np the
central or lagoonal depression of the island, and the Shell-concretet which
overlies it in Back Bay, in the neighbourhood of Mahim, and at Sewree.

# For ﬁnjﬂu:r remarks on Lalerife, ace my “ Summary of the Geology of India,” further on.
t Dr. Duist’s name for this formation.
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Clay.—This is a stiff plastic deposit, of a fine uniform structure, not
effervescing with acids: the colour is brown above, blue below, and then
yellowish, where it rests upon or mingles with the decomposing igneous
rock, or the remains of the fresh-water strata. Its thickness of course
varies with the irregularities of the igneous rock beneath, but it dimi-
nishes also gradually towards the sea, or where it passes under the
Shell-concrete. "Thus at the southern part of the island, within three
quarters of a mile of Back Bay, it is 10 feet thick ; after this it diminishes
in thickness towards the sea in Back Bay, and 600 yards from the latter,
where it is yet overlaid by the Shell-concrete, it is only 4} feet thick, and
of a blue colour: still nearer the sea it seems to disappear altogether, for
it was not met with in a well 20 feet deep in the Girgaum Road, about
300 yards from it,

The same thinning out probably takes place under the Shell-concrete of
Mahim, at the northern end of the izland ; but there I have not had the
same opportunity of examining it.

This clay is also met with at Sewree, where Dr. Buist, who has paid
much attention to the formation, pointed it out to me. There the sea is
exposing it, and scarping the Shell-concrete which overlies it, by which
one might infer that this portion of the island was undergoing elevation.

Like most argillaceous deposils, it contains very few organic remains:
the shells are almost all confined to the concrele which overlaps it—still
here and there it does present a few scattered ones. At Sewree, at
Mahim, and under the concrete at Back Bay, it contains a good deal of
wood, probably the stumps of mangrove trees, which originally grew in
it. This wood seems to be chiefly confined to the parts mentioned, and
presents a number of calcareous tubes, which are straight or undulous,
and from a hall to three quarters of an inch in diameter. They are
more or less filled with caleareous infiltrations, and originally were
formed round the borings of some pholadine animal. The wood itself
is in a spongy expanded state, and contracts remarkably on drying;
assuming a compact solid form, which breaks with a smooth or resinous
fractare, and presents a semi-carbonized appearance of a deep black
brown colour, very much like coal. It burns, however, more like wood,
readily, and with a bright flame, emitting a great deal of smole, and
woody odour; also leaving a white ash. In different parts of the lower
clay, oyster-shells are found, adhering to boulders and loose stones, the
same as those now found on the shores. Pholadine tubes, infiltrated
with calcareous matter, also abound throughout the clay, and here
and there the remains of crab-shells, &e. I have not met with any
remains of man, or any other animals, in the clay; and no pottery,
or anything resembling an artificial construction, I believe, has been
found in it.
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There is a feature of this Clay, however, which is very remarkable,
viz. the Kunkur formation. ‘This, which consists of coneretionary lime-
stone, oceurs massive or scattered throughout the Clay in small isolated
portions. In its massive state it is found in large boulders, or in
‘continuous tracts, reposing on the fresh-water strata or igneous rock
‘beneath, and in this state is compact and cavernous, enclosing portions
of the Clay in its cavilies, &ec. in which it has been formed, or as a
conglomerate with sandy or gravelly detritus from the igneous rocks, and
the remains of small shells, assimilating it to the sandy beaches. Those
portions which are scattered throunghout the Clay are more or less round,
like Septaria ; very uniform in structure, and some so pure that they
wholly dissolve in nitric acid. They are generally of a blue colour, but
sometimes quite white, and identical with chalk. Like Septaria, also,
they are irregular, and almost invariably envelope the remains of some
organic matter, such as pieces of reeds, wood, the remnants of erab-
shells, &c. &e. which are very frequently removed, and leave nothing
but their moulds in the centre of the concretions. This substance also
accumulates in the interior of shells, and almost always fills the cavities
of pholadine tubes which have been formed in the Clay. It does not
always, however, envelope organic remains, but may be seen appended
to them in a globular form—to the pincher of a erab-claw, for instance.
Oceasionally it may be seen in a vertical section of the Clay, in the state
of a number of isolated particles or concretionary nuclei round a picce
of wood, as if in process of forming a nodule, not by successive layers,
but by the increase of substance round different centres. It will hardly
be asked where this lime comes from, when we have seen so much of
| it in the igneous rocks, and in the laumonite filling their cellular cavities,
. which mineral contains twelve per cent, of lime.

Shell-concrete.—Lastly, we come to the Shell-concrete, which is chiefly
found on the northern and southern sides of the island, and not on the
. western or eastern sides: not on the western, because the whole is com-
posed of black basaltic rocks, extending probably for a long distance
into the sea; and not on the eastern side, because there are no waves to
form it, since wave-action, combined with the presence of sand, &ec.
is of course absolutely necessary for this purpose. Hence it is at the
mouths of estuaries such as these, emptying themselves into the sea
on the northand south of the island of Bombay, that we chiefly find this
formation: the sand is brought down by them, and, when flowinginto
the sea, is there, with the shells, turned back by the waves upon that part
of the shore which by its form and position is best adapted to receive and
retain it. Thus we see the chief accumulations of this material in Back
Bay and at Mahim, the former on the north, the latter on the south
side of the island ; and ateach of these places presenting concavities
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to the NW. and 8SW. respectively, from the inner side of the island
being so much longer than the ontside. At Sewree, also, which
presentsa short shore with a southerly aspeet, there is a small accumu.
lation of this kind, which seems to have been thrown up by the swell
of the south-west monsoon, as it falls almostpoint-blank upon this
bit of shore on its way up the harbour. Also, in the centre of the
island, there was a patch of it six feet thick, called Phipps’ Oant,
from which the railroad econtraclors obtained sand for the snrface
of the railroad. At first it appears thoroughly isolated and difficult to
account for, but when we observe a breach in the eastern and western
ridges of the island immediately opposite it, and see the remains of
shells and sand scattered over the surface of the Clay in a line between
these two breaches, we no longer hesitate in applying the same reasons
for its formation here that we have in other places, viz. that through
the breach in the eastern ridge came sand [rom the harbour, and through
the breach in the western ridge, viz. that at the Vellard, came the waves
from the sea which ponded it back, and formed the mound mentioned.
At that time the island must have been divided in two parts, and the
canse of this being discontinued would seem to be sought forin its sub-
sequent elevation; but the summit of the mound of sand and shells
called Phipps' Oart not being more than about nine feet above the sea
at high-water, and the latter kept from overflowing a great part of the
¢ Flats” by embankments, the drying up of the island would seem to be
more from the accumulation of detritus brought down from the hills on
the mainland than from anything else.

At Mahim, the tract of Shell-concrete is two miles and a half long, and
extends 1,000 yards inland, and at Back Bay it is two iiles and three
quarters long, and extends about 600 yards inland, forming segments of
large circles at each place. The thickest part of the latter appears to be
its western end, where the south-west monsoon swell beats most upon if,
for about its centre, viz. 300 yards from the sea, it is 20 feet thick,
18 feet on the Esplanade opposite the Sanitarium, and towards the
southern extremity of the Esplanade 15 feet thick, where it rests on the
igneous rocks, and large spheroidal masses of coral (Cellastrea, Bl.).

With the composition ol these beach-accumulations we are perfectly
acquainted from the wells that have been dug through them. As before
stated, the Clay thins outwards under them, and they, inreturn, inland,
thin out upon the Clay, but have of course always that ridge above the
Clay which is common to such formations.

Not having had the opportunities of examining that of Mahim which
I have of that in Back Bay, though both dre probably alike, I must
take my deseription from the latter. It is composed of beds of
yellow sand and small shells dipping at an angle of about 15° towards
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the west, or towards Back Bay, and resting on the clay, or igneous rocks
of the locality, according to that portion of it which is nearest the sea,
and vice versi. The sand is chiefly confined to the upper part, buta
few feet down begins to present beds of small sea-shells, for the most
part entire. These increase in quantity, and take the place of the sand,
while they become cemented together by calcareous matter, and form
the conerete material from which this formation has derived its name.
The shells for the most part chiefly consist of small bivalves, Cardium
and Tellina;: also of small univalves, Turbo, Cerithium, and Nerita; a
large Trochus and Twrritella, and a thin pearly Placuna ; in short, species
of all the genera which are now_ found on that part of this old beach
which is in process of formation. As before stated, these materials rest
on the Clay or the igneous rock, and probably in some places on the
lacustrine strata, where the latter have not been carried away by denu-
dation. I have frequently looked among the portions which have been
quarried for bones of the human skeleton, and for remnants of pottery,
but have never met with either.

Drift-sand Bank.—Extending from Mahim Fort down by the beach
there is a ridge of sand sloping inland which has served a long time for
a cemetery, and on which, besides grave-mounds, there are a number of
cocoanut trees, averaging, as {ar as [ can make out, about fifty years old.
This bank during the monsoon of 1854 became scarped perpendi-
cularly for about fourteen feet, and thus were exposed innumerable
human skeletons lying parallel with the beach and about three tiers
deep. The bones were so fragile that they could hardly be taken out
of their position without breaking. From the thickness of the bank and
the successive layers of skeletons, some of which were in walled graves,
and many had Mussulman (?) head-stones with sculptured ornaments,
but no characters, this must have been the cemetery of theavillage of
Mahim for ages past.- Here, just after the monsoon mentioned, might be
seen the skeletons of gencrations piled one upon another with those of
their families who had been cut off in their infancy or childhood dis-
tinguished by their different lengths, entire and bleached, though on the

. verge of mixing with their parent element.

This concludes all that T have to offer on the Geology of the Island
of Bombay, with the exception of the following * practical observa-

| tions.”

Building Materials.—The most durable stone is that which caps the
Trappito-basaltic 1ract thronghout, but it is very tough; the next, which
lies below it, at Nowrojee Hill, &ec. is less compact ; this is much more
cleavable, and is found all‘along the eastern ridge. After this comes
a more earthy form of Trappite, which is found at the base of Nowro-

jee Hill Quarry ; also the so-called “white trap” (aphanite ) at Dharavee,
2l¢
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a modification of which (spilite) is again met with on the eastern side
of the ¢ Flats” about the middle of the island, near the railroad. Ttis
with this thatthe prineipal part of the stone-work of the railway is built;
and althongh not so durable as any of the foregoing, is sufficiently so
for economical purposes. The Voleanic Brececia, in the neighbourhood
of Sion, also furnishes a rough stone, which, from its solt argillaceous
nature when fresh hewn, and subsequent hardening, serves very well
for troughs, for which it was formerly much used. Last of all, and least
durable and expensive, is the Shell-concrete.

Lime.—The concretionary limestone called kunkur, lying at the bottom
of the clay in the * Flats” in detached masses, or in continuous tracts, .
together with the nodular forms in the clay itself, furnishes an abun-
dance of lime, the purest coming from the nodules. Recent shells,
however, are collected and burnt for this purpose, from their furnishing
a still purer material.

Sand.—This comes from the Shell-concrete formation, and, being chiefly
composed of the detritus of small shells and argillaceous matter from the
disintegrated trappean rocks and fresh-water strata, hardly confains
any siliceons sand ; hence it makes very bad mortar: much of it being
taken from the sea-shore also, it is more or less impregnated with salt,
which after a while makes the mortar erumble, and where this is covered
with plaster, the latter to fall off. It hasalways appeared to me a great
defect in the plastering of this part of India, not to mix hair, or tow, or
straw, with the material. All who have anything to do with new
buildings in Bombay must have seen the plaster {requently falling off
from the circumstances I have mentioned, and that no secondary plas-
ter ever stays long on such surfaces. Hence the necessity of taking
sand from parts which have been long exposed to the percolation of
fresh water, and which is free from salt, and mixing some fibrous ma-
terial with the plaster, to make both it and the mortar more durable.
It is no light matter this in the construction of a building, for withoutit
the expense of repairs will ever be as it is now, endless, and the ap-
pearance of the bunildings squalid and disgraceful, althoughan unlimited
amounnt of money may be expended upon them annually.

Wells—The only rule that can be laid down for digging wells is
that the Trappito-basaltic tract must be pierced through to the fresh-water
strata, and even then there may be no water: for a foot or two below
this there may be an intrusion of the ignecous rock, and then this must
be pierced until arriving at another layer of the fresh-water strata, nL}ﬂ
so on until water is reached. Sometimes the meeting with a rent 1D
boring through the Trappito-basaltic tract, or a dike of the subsequent -
igneous eflusion, may, by communicating with water below, yield t|:t¢ 9
latter before it could otherwise be expected ; but {from the manner it
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which the fresh-water strata and superincumbent Trappito-basaltic tract
have been broken up and intruded throughout the island, by the subse-
quent igneous eflusions, it is plain that none of these springs can be in-
exhanstible. Last year proved it, for nearly all the wells were dry
from the scarcity of rain the year before. There is another fact, viz,
that many of these rents and dikes let in a spring of brackish water :
this is particularly the case in the neighbourhood of Byeculla. Experi-
ence there has often exemplified the proverb, that ¢ you may go further
and fare worse.” This was the case in a tank enlarged by Sir Jamset-
jee Jejeebhoy on the north side of the Grant College. In sinking a
well at the south-western corner of Baboola Tank last year, too, the
workmen came upon a thin line of the fresh-water strata, accompanied
by an ocozing of saltish water, and of course were ordered to cease far-
ther operations directly. How it comes to pass that this water should
be brackish I can only conjecture ; for it is not owing to the presence
of the white rock (or subsequent effusions), since at Mazagon there is
a well 60 feet deep, entirely excavated in the latter, and yet yielding
excellent water. Again, the tank mentioned, which was enlarged by
Sir Jamsetjee Jejeebhoy, does not extend into the white rock, and yet
the water in it is so brackish that it is hardly fit for anything but water-
ing the roads. Two tanks or wells shall be found within a few yards
of each other, the one containing drinkable, the other undrinkable water.
As T have before stated, all that I can offer in explanation of this is
conjectural, viz. that when the Trappito-basaltic tract and aqueons strata
were broken up by the snbsequent effusions, the sea-water may have
run into the crevices, and there, becoming vapourized, have left its salt
behind it; or, otherwise, the sea at the present time may be sucked up
by these rents and dikes, which by their intercommunication may
carry it here and there throughout that part part of the island where the
brackish wells are most common. If the former opinion were enter-
tainable, then the constant emptying of these wells should at last make
I them yield fresh water: but this is not the case, for they are emptied
 yearly for watering the gardens, and still continue to be salt. At the
same time, those which are never emptied are decidedly the most
brackish. 1If, on the other hand, the latter be the explanation, then
 there is no remedy for it.

Coal.—The quantities of this mineral found at the cutting of the
Sluices, where the fresh-water strata containing it have only been
excavaled for a few cubic yards, is very trifling, although the fossilised
wood and débris of vegetable remains are very considerable. The nature
of the coal is described at page 131. Tt hardly ever occurs in grains
larger than a pea, and for the most part in layers over compressed flat
long leaves or stems ; although the whole of this part of the fresh-water
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deposit is highly carboniferous. At the same time it should be remem-
bered that in the only place where these strata have been exposed they
have been broken up by the intrusion of the igneous rock, and that
although the wood and other vegetable remains in them here are prin-
cipally replaced by argil, yet that they may be more coal-bearing in
other parts. A further examination, then, of this part of the fresh-water
formation in different loealities would be highly interesting, if, even
after all, it should not prove useful.

List of Rock-Specimens, Minerals, and Fossils, from the Island of
Bombay, illustrative of the foregoing Paper.

Presented to the Bombay Asiatic Society by Dr. LerTH, and the Author.

[Those marked with a + were presented by the former, and those with an * by the latter; the

+ and * together denote that specimens of the same object have been presented by both.]

No.

1

2
3

on =3 &y

)]

10

11
12
13
14
15
16
17
18
19
20

* Tough bluish-gray basaltie Trappite, eontaining olivine, and grains of magnetie iron
ore, from the upper part of Nowrojee Hill.

* Fissile and more compact, {from ditto lower down.

* Fine-grained erystalline Trappite, from the ridge extending northwards from Jack-
aryah’s Bunder.

* Mottled blue and brownish grey Trappife, from the ridge extending northwards from
Khandlee Battery.

* Orbicular or botryoidal Trappite, from the same ridge a little south of Tank Bunder.

* Tough black fine granular Basalt, from hexagonal prisms at Worlee.

* Piszile black or dark fine Basall, from beneath the surface Malabar Hill.

* Tubes, formed of erystalline quartz, from bottom of Basalt at Mama Hajanee.

FRESH-WATER STRATA.

* Portions of the upper part of the {resh-water strata, from different localities : the light
brown from the tank north of the Horticultural Gardens, and upper part of Baboola
Tank; the blue from the well (see p. 152) in Baboola Tank ; the brown from the
spilite on the eastern side of the Flats, nearly opposite Parell ; the greenish or bluish
grey or brown from the Sluices ; the blue and brown from a well on Malabar Hill.

* Portions of the stratum composed of the casts of Cyprides, from the northern side of
the Breach at the Sluices; ditto from the northern end of Chinchpoogly ridge.

* Greenish grey or brown shale, from the Sluices.

* Ditto, with interlaminated black shale, from ditto ; also from a well on Malabar Hill.

* Black bitwuminous shale, from ditto, and from a well on Malabar Hill,

* Chertified aqueons strata, bent.

* Basaltified ditto, with organic impressions.

* Jaspidified ribboned ditto.

* Chertified portion of Cyprides stratum,

* Ditto jaspideons ditto.

* Coal from the Sluices.

* Mineral vesin from ditto.
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VeGeETABLE REMAINS.

No. Roots.

21 + Cormiform, conical roots? from the Sluices (several specimens and sections), (p- 131).
22+ Cormiform, globular, from the Sluices (several specimens and sections).

SiEms.

23 *+ Cylindrical (two specimens), (p. 132).

24 *+ Wood, dycotyledonous, several specimens of, large and small,—and monocotyle-
donous (bamboo?) (p. 133).

95 *+ Ditto with bark, two specimens (p. 133).

26 *+ Fungoid or adventitious woody excrescences? in the bark (p. 133).

Leaves.

27  * Oval, small,— like leaflets of an Acacia (p. 134).
98 *f Long, flat,—like bulrushes, large and small (p. 134).
29 1 Secaly, long leaf, or surface of a stem? (p. 1.34).
30 t Lanceolate leaves, like those of bamboo (p. 134), also cordate leaves.
31 1 Impression of Cyperus ?

i e Seeds.
32 *+ Small, flat, lenticular capsule, with a ring of seeds arranged round the internal margin

(p. 135).
33 1 Seed-like Artabotrys odoratissima (p. 135).
34 f Siliquose seed-pod (p. 135), with sections (several specimens).
35 1 Ditto (p. 135).
Antmarn ReEmaixs.

36 1 Cypris semi-marginata (1. 5. ¢.), (p. 136).

37 * Cypris cylindrica (Sow.), (p. 137).

38 * Another species, C. ? (p. 137).

39 + Lymnadia ?

40 t Elytra of a small coleopterons insect, right wing (p. 138).
41 f Impressions of fresh-water shells, Melania #

42 * Do. do. do. Paludina ?

413 ¥ Da. do. do. Pupa?

44  Rana pusilla (Owen), skeletons of, several specimens (p. 138).

45 Do. do. do.  large and small. (In these specimens, though one

skeleton appears larger than the other, the thigh
bones are all of the same length.)

46 Do. do. do.  in different layers an inch apart (two specimens),
(p. 140).

L | Dao. do. do. on a layer of Cyprides.

48 *  De. do. do. bones of, scattered in intruded igneous matter
(p. 140).

49  t Testudo Leithii (a. 1. C.)—a carapace and plastron ; b ditto with head; ¢ head
alone ; d left half of the carapace and plasteon ; e fragment of ditto; f ventral part
of pelvis and sternum opposite ; g fragment of carapace, with margino-collar scales ;

h fragments of marginal seales; i ditto; & ditto; I right two-thirds of carapace and
plastron.

2np-EFFUBION.

50 % Greenish-blue and black Trappite, from Nowrojee Hill, below the line of aqueous strata.
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No.
51 * Amygdaloidal Trappite, from Baboola Tank; cells filled with crystals of laumonite,

52 * Laumonite and dog’s-tooth cale-spar, from a geodein ditto.

59 * Rhomboidal eale-spar in mass, from ditto ditto.

o " Ditto  ditto following a line of aqueous strata; from do. do. (p. 152).

55 * Ditto  ditto in o minute imbricated form, separate, and covering dog's-

tooth erystals, from ditto ditto.

56 * Prehnite from ditto ditto.

57 * Amygdaloidal Trappite, from a tank north of the Horticultural Gardens.

58 * Black fine-grained erystalline Trappite, from Baboola Tank.

59 * Compact blue amygdaloidal Trappite from Baboola Tank; cells elongated, and filled
with massive laumonite.

60 * Greenish-grey amygdaloidal Trappite cells, filled with green=earth, from the neigh-
bourhood of the house called Lowjee Castle.

61 * Ditto decomposing eells, filled with quartz erystals, from upper side of dike in Chineh-

poogly ridge.

62 * Hyalin and amethyst quartz erystals, from erushed geode in ditto.

63 * Amygdaloid, with brown earthy base, and cells filled with quartz erystals, from neigh-
hourhood of Sindu Para.

64 * Brown aphanite, the so-called white trap, from Dharavee.

65 * Ditto amygdaloidal, from ditto; cells filled with fine white clay-earth {decomposed
green-earth or laumonite), (p. 147).

66 * The same decomposing into a motuled red and white material, like Laferite, of a granulo-
plastie nature (p. 156).

67 * More earthy aphanite, spilitic, with fragments of organic remains, and eale-spar, from
the eastern side of the Flats opposite Parell. Forms a good stone for building, and
is easily hewn.

68 * Blue spilite (aphanite and cale-spar), with disseminated cale-spar, from ditto.

69 * Brown ditto, with eale-spar in small masses (amygdaloidal), from ditto.

70 * Brown ditto, with eale-spar in veins, from ditto. '

71 * Unsymmetrical, compressed, lenticular erystals of eale-spar, standing on their edges in
a geode of ditto, from ditto.

72 * Blue spilite, with small crystals of cale-spar, passing downwards into Trappite, from
ditto.

73 * Fine blue clay aphanife, from a well on Malabar Hill.

74 * Coarse aphanite, from ditto ditto.

75 * Brecciated aphanite, from ditto.

76 * Coarse aphanite, intruding fresh-water strata, from the eastern side of the Flats.

77 * Aphanite, bearing fragments of vegetable remains, from ditto.

78 #* Ditto black ditto, from a well on Malabar Hill.

79 * Ditto bituminous ditto, from the Sluices.

dnp-Errusion,

80 * Coarse Voleanic Breccia, from the neighbourhood of Tank Bunder.

81 * Blue breccia, with white frazgments, from a well on Malabar Hill: b ditto from Sion; ¢
ditto brown from ditto : d ditto red from ditto ; e ditto white and red decomposing ;
fditto red compact.

82 * Ditto black jaspideous from Antop ITill.

83 * Ditto jaspideous, black, from Sewree.

84 ¥ DBlue breecia, passing into red clay, from Sewree.

85 1 Ditto, containing a large fragment of large-grained diorite, near the village of Wadalls
(p. 150).
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86 * Blue breecia, containing amygdaloid Trappite; a ditto containing amygdaloid trappite
or aphanite, from ditto and Sewree,

87  Ditto, containing portions of aqueous strata. :

88 * White amygdaloid aphanite; cells very much elongated, and filled with calcedony or
quartz erystallized, from Chinehpoogly ridge.

89  Geode from ditto, containing erystals of quartz and amethyst.

90  Ditto from ditto, containing agate.

4rH-ErrusioN.

91 * Portion of amygdaloid aphanife, from the dike at Sewree; cells containing fine white
clay-earth.

GHora BuNDER, IN SALSETTE.

92 * Specimens of amygdaloid aphanite. and voleanic breccia; also specimens of aqueous
strata from the latter.

Manixe FormaTioN.

93 * Blue clay of the “ Flats.”
94 * Massive kunkur, from lower part of ditto.
95 * Small kunkur-conglomerate, resembling transformed sea-beach, from ditto ditto.
96 * Nodular kunkur, from ditto.
97 * Charred wood, from ditto.
93 * Infiltrated pholadine tubes, from ditto.
99 * Shell-concrete, coarse.
100 * Shell-conerete, fine.
101 * Shells from ditto. '
102 * Spheroidal masses of caleareous coral (Cellastrea, Bl.) heneath ditto, Esplanade.

EXPLANATION OF THE MAP AND PLATES.

Map.

The dotted portion in this Map is intended for the Sheli-conerefe; the white tract for the
Clay ; the crosses for the Voleawic Breceia; the broken lines runming north and south for
Amygdaloid ; the continuous lines running east and west for the Trappito-basaltic tract; and

the wavy parallel lines for the Fresh-water Formation.

Fig. 1.—Line intended to represent the site of Bombay as it was when covered by Fresh Water.
Fig. 2.—Transverse Section of the Island as it now is.
Fig. 3.—Sectional Diagram, showing the relative position of the different Sedimentary and
Voleanic Formations.

Prate VIL

Fig. 1.—Cormiform root of aquatic plant ? natural size.
a Upper end, truncated.
b Lower end, broken.

Fig. 2.—UGlobular root of aquatic plant? natural size.
a Lateral view,

b Upper end, showing lines of petiolations ?
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Fig. 3.—Lateral view of a portion of a stem, natural size.
a Lower end, showing lines of petiolations ?

PraTe VIII.

Fig. 4.—Oval leaf, natural size.
Fig. 5.—Round leaf, natural size.
Fig. 6.—Compressed stem or leaf of aquatie plant, with root, natural size.

a Magnified view of longitudinal striz on its surface.
Fig. 7.—Secaly impression of leaf or stem, natural size.

a Two seales, well preserved.
Fig. 8.—Form of the end of a flat, long leaf, which is very common, natural size.
Fig. 9.—Impressions of leaves, like those of bamboo, natural size. b
Fig. 10.—Impression of a cyperaceous plant ? natural size.

PraTe IX.

Fig. 11.—Small lenticular seed, magnified.
a Natural size.

Fig. 12.—Oval, compressed seed, with apparently ruminate albumen, magnified.
a Natural size.

Fig. 1:3.—8eed-pod, broken off at one end, natural size.

Fig. 14.—8eed-pod, natural size.

Fig. 15.—Cypris semi-marginata.

Fig. 16.—C. eylindrica.

Fig. 17.—C. ———?

Figs. 18, 19, 20.—Valves of recent Cyprides, from the fresh-water deposits of Bombay.

Fig. 21.—Elytra of coleopterous insect, magnified.

Fig. 22.—Cast of shell, natural size.

PraTe X.
Testudo Leithii—Carapace, and upper part of head of, natural size. a Point of tail.
Prate XI.

Testudo Leithii.—Plastron, and inferior aspect of lower jaw of, natural size. a Impressions
of posterior extremities. &0 Union of pelvic bones with posterior part of sternum.
¢ Point of tail.
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Gieology of the Island of Bombay. By Dr. G. Bursr.*

Read April 1851.

DescrirTion oF THE IsLAND.

I'ne island of Bombay is one of a multitude on the north-western
shore of Hindoostan, which, varying from a few yards to above a hun-
Ired square miles in area, fringe the Malabar Coast from lat. 9° to lat.
20° N., on a narrow examination seeming like fragments broken from
he mainland during the many upheavals and depressions to which it
1as from time to time been subjected ; several of these movements hav-
ng obviously occurred at a comparatively recent period, geologically
zonsidered.

2. The Bombay Group, between lat. 19° and 20°, consists of fifteen
or twenty islands in all ; 1, the island of Bassein, about thirty miles to
the northward of that which gives the eluster its name; 2, of Dravee ;
and 3, of Versova, just off the shore of Salsette ; 4, of Salsette, by much
the largest of themall ; 5, Trombay, conspicuous for the mountain called
Neat’s Tongue, from the singular resemblance it bears to the tongue of
an ox, and which attains the altitude of 1,000 feet; 6, Bombay itself,
now on the northward united to Trombay and Salsette, as these are
'united to each other by bridges and embankments, and to the southward
'to 7, Old Woman’s Island, and 8, Colaba; 9, Elephanta ; 10 Butcher's ;
‘and 11, Gibbet Island ; 12, Caranjah ; and 13, Henery ; and 14, Kenery;
' with little rocks and islets of lesser note and name.
| 3. Bombay, including the large and little Colabas, is the only island
' of the group I have been able to examine with tolerable care, and it is
 the only one I have attempted to deseribe somewhat minutely, though
' not so much so as it ought to have been. I have traversed most of the
 other islands, some of them repeatedly ; they seem all characterised by
 the same geological features, and I have introduced into the description

of Bombay notices of their rocks, and of those on a part of the adjoining
' mainland, in so far as T have had the means of examining them.

4. The principal rocks throughout this group of islands are voleanie,

but there are probably a greater variety of trap rocks to be found on the

* Reprinted from the Trausactions of the Bombgy Geggraphical Society, vol. x. p. 167,

‘.’E_y
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island of Bombay itself than on any similar area anywhere ; the traps
are interstratified by Neptunian rocks, chiefly of [resh-water origin, and
covered over with marine alluvium of three or four different ages and
formations.

5. The islands are separated by narrow creeks from each other (one
of the most beantiful of which is that which forms Bombay Harbour),
often contracting to a few scores of yards in width, dry at half tide, and
widening and deepening as they approach the sea. The Tanna and
Panwell rivers discharge, during the rainy season, vast torrents into
these, deepening and scouring them. Throughout the fair seasons,,
scarcely any water reaches them from the interior, and, unless where a
strong tidal current prevails, most of them are in process of silting up.
The back water occasioned by the railway embankment and Mahim
Causeway will, in all likelihood, speedily unite the islands of Bombay
and Salsette into one. There are extensive spaces round the greater
part of the margins of all these islands below high-water mark, and
which are flooded during spring tides in all of them save Bombay,
where the water has been shut ont by embankment, and there are spaces
ctill more extensive from 3 to 12 feet above the level of the sea,
which must at no distant date have been submerged. The islands for
the most part rise into round, or nearly flat-topped hills, varying from
100 to 300 feet in height—in one instance attaining the elevation of
1,000—generally presenling a steep, sometimes a mural precipice on
one side, with fine belts of cocoanut trees around the shore, affording
an infinite diversity of woodland, mountain, lake, and river scenery
everywhere ; the creeks, assuming the aspect of lakes, rivers, or bays,
according as they are viewed. The Bombay islands are, [ should think,
scarcely surpassed in pictaresqueness and beauty anywhere in the
world.

6. The island of Bombay, viewing it withont relation to the two
Colabas, with which it is arlificially connected, is in the form of an ir-
regular oval, throwing out a long projection from one extremily,
forming Malabar Hill and Point. The two islands of Large and Little
Colaba (Old Woman’s Island), now united to each other and to Bombay
itself, stretch out nearly parallel to Malabar Hill, but extend much more
to seaward, the two promontories terminating at Malabar Point on the
north-west, and at the Lighthouse on the south, including Back Bay
between them. From the Lighthouse to Sion, on the eastern, or har-
bour side, the distance is about filteen miles, and about twelve [rom
Malabar Point to Mahim, on the western side of the island, which is
about five miles across from Mazagon to Mahaluximee, where it 13
widest. It contains in all an area ol about twenty square miles, o8
which there is a population of close on hall a million.
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Basant FroM Mavnapar Point 1o MAHALUXIMEE, AND S0 BY
Banpora 1o Bassein,

. From Malabar Point*® to Mahaluximee is a fine bold ridge of black
sasalt nearly three miles in length, and about half a mile across, called
Malabar Hill, maintaining for some distance an elevation of close on 200
f[eet above the sea. The ridge terminates in a precipice,f near the
axtremity of which stands one of the residences of the Governor, and
it continues precipitous for a couple of miles on the eastern, or Back
Bay side : just under the highest part of the ridge the rock is tumbled
about in huge masses, great irregular pillars partly buttressing the cliff;
partly lying in gigantic rnins at its base. Along the Back Bay shore a
considerable bed of stratified rock makes its appearance ;$—on the sea-
ward side the hill slopes down somewhat gradually ; from opposite the
Back Bay beach and Love Grove there are two independent ridges,
near the Parsee “Towers of Silence,” of unequal elevation, the lower
being that by the north-western shore. They are divided from each
other by a deep dell of some hall mile in length, and 300 or 400
feet across.

8. The Malabar Hill ridge is partly broken across near Tankerville,
by the deep hollow throngh which the public road passes, but there
seems no change in the character of the rock on to Mahaluximee, where
the basalt becomes tabular, and looks from a distance like stratified rock ;
it here sinks under the level of the sea, and seems intersected for a few
‘yards by a mass of strata set nearly on edge, stretching into the Bay
‘opposite the residence of Sir Jamsetjee Jejeebhoy. From this for about
' half a mile the rock is concealed by the velard—by the silt of the Flats
'on the one side, and the gravel of the sea on the other, but appears to

be the same as before. It reappears in the beautiful little eminences of
' Ram Hill, Love Grove, and the adjoining high grounds, and is once
more partially interrupted by stratified rock, abounding in organic re-
' mains at the Sluices, and again reappears just beyond, forming the
wooded ridge of Worlee Hill. At Worlee village it disappears under
the sand and alluvium, but there is no evidence ol its being interrupted ;

* See Section 1., at the end.

T Mr Clarke estimates (Geol. Trans. Jan. 1847) the thickness of the stratum of basalt above
the trap at about 70 feet; so far as Malabar and Tardeo Hills are concerned it seems without
the mark—it is nearly correct at the Love Grove seetion, to which he more particularly refers.

3 2 .A mass of diorite or greenstone, totally unlike the basalt of which the rest of the ridge
consists, was this season (1856) cut through on digging a well in a Native garden close by the
entrance to the Government house grounds, at the further end of the village of Walkeshwur.
At the depth of 30 fect a pale grey alluvial stratum of earthy looking rock was met with,
emtly like that t-['ﬂ.‘l’ﬂ-nimg Huwrqug Hill,—G, B., Aug. 1856,
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it rises suddenly across the ecreel at the Portuguese promontory of
Senora de Monte of Bandora, and continues as a great sea-wall al|
along shore, for ten or filteen miles at least.

9. At the old castle on the south-eastern extremity of the little js.
land of Versova, it is columnar. Again, on the west side of the island,
facing Salsette, it is highly porphyritie, the felspar erystals imbedded
being nearly half an inch each way ; they are of adirty yellow colour,—
the rock itsell is brownish black., Just round the promontory, to sea-
ward, a fine picturesque group of columns rises from high-water mark,
They are of a pinkish brown with a tint of red, as if moss-grown, or
weather-worn ; they ring like metal when struck. When broken, it
appears that this is the natural colour of the rock, which, though heavy
and hard, is open and porous,—ahand specimen much more resembling
sandstone than trap. Further north it turns black again, and narrows
to a pretty uniform well-formed dike, from 50 to 100 feet across, rising
here and there into picturesque little hills or islands, and appearing
everywhere for ages to have walled off the sea from a low and easily
abraded coast. At Bassein it runs into somewhat bolder clifts, and
presents several beautiful groups of columns, black and compact, like
the rock at Malabar Hill;—beyond this I have not had the means
of examining it. The basalt barrier seems broken through only by the
creek opening into Bombay Harbour. Stretching southward and east-
ward from Malabar Point it reappears at Alibaugh on the coast, six-
teen miles to the southward, and seems for a long distance to protect
the shore. I have traced it for seventy miles, from Bassein to Alibaugh :
beyond this, again, my knowledge is at fanlt.

10. From the basalt ridge just described, eastward, for the space of
two miles, the island is almost perfectly flat, rising at the highest some
8 or 10 feet above the level of the sea: much of it would be submerged
at high tides were the sea not artificially shut out.

Trar, mosTLY GREENSTONE, FROM THE PRrONGS, THROUGH CoLana,
THE Fort, Mazacon, ETc. on To Sion.

11. A mass of trap, mostly greenstone, extends from the Light-
house, at the extreme south-eastern end of Colaba, on all the way lo
Sion, on the eastern side of the island, facing the harbonr: instead of
forming one continuous ridge, like the basalt from Malabar Point to
Mahaluximee, it often sinks down to the level of the sea, where it is
covered over with alluvium, and is only traceable in wells, quarries, and
other excavations : it sometimes rises into knolls, sometimes into beauti-
fully picturesque little hills, of above 100 feet in elevation, It varies as
much in quality as in aspect, presenting us oceasionally with a nearly
black amygdaloidal greenstone,—next Parell, to the south of this fine
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soft, pale-blue earthy trap—with every variety of tu fla, amygdaloid, and
compact greenstone, that can be imagined.

12. Details.—The highest part of Colaba is that on which the
lighthouse is built—it is about 55 feet above the mean level of the
tide. From this the surface descends on both sides to the sea, sloping
gradually to the NE., in a line with the axis of the island. The trap
here, as everywhere along our shores, is covered, at from 6 to 10 feet
above high-water mark, with sea gravel, loose or cemented. For up-
wards of a mile to the south-east, east, and westward, filling up a large
space on the harbour side, and the bulk of the area of Back Bay, the
trap is covered by the tide. The line of junction betwixt the basalt of
Malabar Hill and the greenstone of Back Bay is lost under water: it
is probable, from the aspect of the cliff, and the depth of water near its
base, that a mass of softish stratified rock, through which the principal
channel has been grooved, interposes itsell betwixt them all the way
along. Opposite the Marine Lines there is a large mass of well-formed
columns of basalt, which just show themselves above low water,—ap-
parently beneath the {resh-water strata at the base of Malabar Hill,—
becoming tuffaceous near the line of junction, as if ernpted from beneath
after the deposit of the alluvium now above them.

13. About a mile and a half from the Lighthouse, towards the Fort,
near the site of the Cabool Church, a mass of stratified rock makes its
appearance on the harbour side of the island, showing itsell along the
sea shore near the Pilot's Pier, and being pierced by the well near the
Church : it does not quite cross the island, the greenstone reappearing
on the Back Bay side. Towards the Jamsetjee Breakwater and Cotton-
screws the rock becomes amygdaloidal, and presents us with a consi-
derable variety of minerals. At the Velard it seems much disturbed,
the stratified and trappean rocks being mixed up together ; but as it has
not here been quarried to any considerable extent, and is much worn
by the sea, no very distinct conception of its structure can be formed.

14. For a large expanse southward and westward of the Fort the
lower rock is covered over by a recent marine deposit : so far as can be
discovered from the numerous excavations that have been made in dig-
ging wells, foundations of houses, &ec., the whole is a mass of trap up to
the verge of the Native Town. During the month of May 1851 I exa-
mined the bottom of the wet diteh from end to end, and found no trace
of anything but greenstone. 'This is visible all along the sea shore from
the Apollo Pier to Nowrojee Hill—a mass of it rises to the surface at
Bombay Green, and again near Fort George. A little beyond this, it
has been quarried to a large extent, the quarry now forming u tank. The
rock here, as also in the wells near the Church Gate, and so probably
over this division of the island altogether, is dark coloured, hard, brittle,
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and splintery, difficult to work, and not well adapted for building pur.
poses. About a mile beyond the Fort Gate, the trap rises abruptly into
a picturesque eminence of some 150 feet in elevation, called Nowrojee
Hill. The harbour face of this has long been used as a quarry, and
presents a perpendicular scarp of massy trap rising in blocks of great
regularity in point of form, and of any size that may be desired : a bed
of stratified rock, nearly horizontal, and about a footthick, alterwards to
be described, traverses the face of the precipice—a lower bed makes its
appearance by the sea shore. For a quarter of a mile or more by the
line of the railway, and on to the Wood-yards, the surface descends to
within a little of the sea level, and then rises abruptly into the bold
eminence called Mazagon Hill, attaining an altitude of about 180 feet :
this, so far as it appears, consists wholly of greenstone. A little to the
northward of this, the surface for three miles or so beeomes nearly flat,
and at the Powder Works consists of a mass of trap tuffa, of a pale
areenish tint, curiously intermixed with veins of calcareous spar running
through it in all directions. The tuffa extends into the interior of the
island, assuming a vast diversity of forms, until cut across by the strati-
fied rock in the Flats, which is succeeded, as already stated, by the
basaltic ridge along the sea shore on the west.

15. At Chinchpoogly the greenstone once more rises into a fine bold
ridge, which attains the altitude of 150 feet at Parell Flagstaff, and
continues unbroken for the space of two miles. Betwixt this and the
sea on the harbour side, the ground undulates in three snccessive ridges,
nearly parallel to each other, one overhanging the shore, and one be-
twixt this and that just described, the two last being broken and irregu-
lar. Though the uniformity of the external aspect of these might lead
to the supposition that the structure of the rocks was the same through-
out, this is far from being the case. The bolder and more elevated por-
tions of all the ridges consist of fine-grained compact greenstone, with
very few minerals imbedded. In the portion of the hill south of the
flagstaff, where the road crosses from Sewree to Parell, a curious mass
of tufla intrudes itsell; externally, it is so blackened with the weather
as not to strike the eye as in any way differing materially from the rocks
around—when fresh broken, it is for the most part almost white. It
will be found more minutely described under trap tuffa. Each of
the ridges rests on a series of strata [ull of organic remains, and which,
with the tuffas, occupy a very extensive space betwixt the beds of trap.
The fort of Sewree is built upon a mass of black rock, which might at
first be readily mistaken for basalt—it is, in fact, a Lydian stone, a
black jasper or chert, the result, most probably, of the action of the vol-
canie rocks around on a stratified clay bed: the strata are still traceable
in the midst of the fusion to which they have been subjected. A series
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of flats, from which the sea is excluded artificially, and on whieh salt is

 extensively made, here prevail, and the surface of the island seldom at

this place rises more than a few feetabove high-water mark, and generally

' bears obvious traces of submergence. A beautiful group of little hills
'make their appearance opposite the old artillery grounds, Matoonga,

and so continue to Sion, at the extreme end of the island. 'T'he southern-
most of these consists of the jaspideous rock, or chert, of which Sewree
Fortis composed, the rest in general of various descriptions of trap tuffa,
with oceasional exhibitions of greenstone.

Tue CENTRE OF THE JSLAND,

16. Betwixt the two sets of ridges just deseribed—the basaltic ridge
from Malabar Point to Bassein, and the greenstone and tuffaceous series
of eminences from the Lighthouse to Sion Fort,—the island is almost
perfectly flat, about a fourth of it being in reality under the level of the
sea, the waters of which are excluded by embankments, walls, and
sluices. This space is covered over with various sorts of alluvium,
afterwards to be deseribed, mostly of marine, and much of it of very re-
cent origin. Though recent railway operations, with the excavations
for the supply of water during the dry season, have helped to enable me
to trace formations here completely coneealed by the superficial beds, a
very imperfect idea is all that can be afforded of the character or position
of the rocks constituting the lower parts of the island, though there is
much reason to believe them mostly soft argillaceous stratified beds,
such as prevail at Love Grove Sluices, and near Sewree.

17. It is quite clear that at a comparatively recent date, probably
within the human period, Western India has suffered from a succession
of upheavals and depressions, and that just before the latest of these,
instead of a single island, Bombay consisted of a group of at least seven
islands. Still more recently than this, and quite within the reach of
tradition, if not of history, Colaba formed two islands, and Bombay
itself either three or four, these being united at low-water, the sea at
spring tides effectually dividing them from each other. Mahim is men-
tioned in an old MS. as forming a distinct island, and it is mentioned
as still so continuing when Dr. Freyer visited Bombay in 1680. ¢ In
the middle of the island,” says lie, ¢ between Parell and Mayem [Mahim],
Seeam [Sion], and Bombaim, is an hollow wherein is received a branch
[of the sea] running out at three several places, which drowns 40,000
acres of good land ; athwart which from Parell to Mayem are the ruins
of a stone causeway, made by pennances.”* The three places where
the sea found admission are clearly at the Worlee and the Sion Sluices,

* New Account of Persia and the East Indies, betwixt 1680 and 1688, By Dr. Freyer,
F.R.5., 1 vol. fol. London, 1697,
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and the openings at the Mahaluximee and Love Grove Velard, which
would at once constitute Mahim town and woods, Worlee Hill, and
Love Grove, into three separate islands,—their insular eondition con-
tinuing till the construction of the walls now uniting them excluded
the sea.

18. 'The neighbourhood of the Mazagon Gaol is termed Omarkadee,
ladee being the word always applied to salt-water creeks dry at ebb
tides: the neighbourhood of the temple of Mombadavi is called Pae
Dhonee, or the place of the feet-washing, and traditions still exist to the
effect that the sea flowed from the west up to the former of these, until
excluded by the embankment from Mahaluximee to Love Grove, con-
structed above a century ago. Pae Dhonee was a ferry, where persons
arriving from Salsette used to wash their feet in a salt creek in approach-
ing Bombay ; Mahaluximee was formerly only accessible from Bombay
by boats.* It is singular that we should have no more direct informa-
tion than this to go upon as to the physical condition of Bombay when
surrendered by the Portnguese to the English little more than two cen-
turies ago ; but it is clear, from what we know, that at this period Colaba
formed two islands, the lesser of these being known as Old Woman's
Island, described by Dr. Freyer as ¢ a dry sandy spot, of no further
value to the Company than as affording grass to their antelopes and
other beasts of pleasure.”” The space now occupied by the Fort, and
a part of the Native Town up to Pae Dhonee, formed a second, and it
iz probable, from the aspect of the shore, that this was united to Mala-
bar Hill by the sandy ridge betwixt Girgaum road and the sea,—a very
slight diminution of the existing altitnde would have allowed the sea to
sweep clean through from Mahim to Back Bay. ‘Though the sea must
at no distant period have swept across from Love Grove to the Harbour
just to the south of Chinchpoogly Hill, it is not quite apparent that it
did so within the time specified; at present the Parell road is consi-
derably under high-water mark. From this on to Sion, the land must
have been continuous back to the period when the existing levels were
established. The last upheaval seems to have elevated the island from
cight to ten feet, and a depression to this extent would have greatly
multiplied the number of islands constituting the group; the sandy
flats, subsequently only eovered over at high-water, being then for the
most part in a state of continual submergence. The scenery must then
have been still more pictnresque than at present, when yet more beanti-
ful by Nature, and undeformed by the outrages on architecture pre-
vailing amongst us.

* Abridged from a very able paper by Mr. Murphy on the Aborigines of Bombay, in the
1st vol. of the Transactious of the Bombay Geographical Society,
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19. If the reader has carefully consulted the map and sections while
| perusing the text, he may probably consider the general topographical
account of the island just given sufficient: it includes in it some of the
information about to be furnished in detail, and therefore involves me
in some repetition : the apparent clumsiness arising from this will pro-
. bably be more easily excused than the obscurity which might have fol-

lowed the want of it. In the following detailed description, I shall
" take the surface formations first, and so proceed downwards.

Derainep DescripTION.—LiAGOON ForMmaTION,

90. Alluvium.—1, Lagoon Formation ; 2, Littoral Concrete, or raised
Sea Beaches; 3, Blue Clay, or submerged and reclaimed Silt; 4, Lower
Alluvium, or Old Marine Clay ; 5, Red Earth.

91. The uppermost and most recent is that to be met with all over
the Flats in the centre, and salt-pans on the eastern side, of the island,
denoted by the bright blue on the map. It is of somewhat uncertain
depth—it is nothing more than the sea sludge comminuted trap, depo-
sited before the waters of the ocean were shut ont artificially from the
region where it prevails, and so back to the period when the island
began to emerge from its previous depression to its present level. We
have thus two blue clay formations, running both in point of time and
eomposition into each other, and betwixt which, unless where beds of
different character intervene, no distinct line of demarcation can be
drawn. The very appropriate name of Lagoon Formation was conferred
on the uppermost of these by the late distinguished and lamented Cap-
tain Newbold. Our Flats still occasionally appear as a lagoon, when
the sluices are lelt open at spring tides, and on these occasions, of course,
a slightaddition, identical with the deposit, is made. The Lagoon For-
mation, though in certain eircumstances gliding insensibly into the old
blue clay of a former age, is in general, chronologically speaking, sepa-
rated from it by a very distinct and well-defined variety of rock, on
which I have conferred the name of Littoral Concrete. Before things
ecan be made intelligible, I must be permitted a few preliminary remarks
in reference to the two formations just referred to.

Evipesces oF ax UpHEAVAL AND DEPRESSION ALL ALONG THE SHORES
oF INDIA,—PROBABLY OF THE W ORLD.
22. The Alluvium around Bombay commonly prevails in some such
state as the following :—
1st. Ten feet above the sea. 1, Sea-shells, and sea-gravel and sand,
loose, or cemented into a variety of open shell limestone, 3 to 10
feet thick, called Littoral Concrete.*

* Near the fishing village of Sewree, on the Parell side close by the shore, a bed of brown

earth abu;; fifty yards in length, uncertain in extent, reposes on the Littoral Concrete, and a
g
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9nd. Blue Clay, full of mangrove roots,—sometimes but slightly,
sometimes entirely, decayed,—always in the position in which they
grew, and perfectly undisturbed.

3rd. Rock. Or sometimes the following :—

1. Littoral Concrete.

2. Rock. O,

1. Blue Clay, with mangrove roots, as before. 2. Yellowish brewn

. clay, with concrete in the ordinary forms. I have not met with all

these at one place complete, but have no doubt that they are to be
found in abundance.

23. From this arrangement the following inferences are deducible :
—1. At the time the mangroves grew, the blue clay must have existed
at about half-tide mark, the mangrove being a salt-water littoral plant,
only found some way within tide mark. 2. Before the large masses of
shells and gravel could have been brought into existence, the mangrove-
bearing beds must have sunk so as to suffer the sea to wash over them,
and the shell deposits to accumnlate, and the downward movement
must have extended sufficiently far to permit the uppermost portion of
these to be occasionally at least under high-water: it is regularly strati-
fied, and contains the heaviest and largest sized shells now found on our
shores disseminated equally throughout; has not the slightest appear-
ance of sand-drift, and could in no other way, save that explained,
have come into existence. 3. It could only have reached its present
position by a subsequent upheaval, which brought matters into pretty
nearly their present position.*

24. 'That these things have been brought about by movements of the
land, not by advances and recessions of the sea, is obvious, from the
diversity of levels at which the various beds are found, and the obli-
quity, and frequent incurvation and dislocation, of the strata ; this last
being peculiarly manifest opposite the village of Sewree, where they

v
second bed of similar depth, formerly cultivated as garden ground, and irrigated by finely-built
conduits, appears. In the mass itself I have not been able to discover any remains strictly
belonging to it. On being dug through, the concrete is always found below—it is probably
an upper bed of sea silt changed by cultivation. I have been unable to determine its character,
and as it is possible it may have been brought there artificially, I have not noticed it in the
text.

* This will be found pretty fully adverted to in the Annual Report of the Society, read
May 1850. 1 subsequently prepared a paper on the subject, which was published in the
Edinburgh Philosophical Journal (Jameson's), and in the Transactions of the Bengal Asiatic
Society : and, a considerable additional supply of facts having reached me, prepared another
for the Dritish Association. It was read at Ipswich in January 1851, and will, [ presume,
appear in their Transactions. Parallels to these phenomena will be found in the upheavals
and depressions which have actually oceurred at Cluttagong, and along the Arracan Coast.
within less than a century of the present time.
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. dip towards the east, in a direction the opposite of that of the fresh-
. waterbeds contained in the Trap, which come afterwards to be described.
Near Sion the soil of the rice fields, obviously composed of the blue clay,
altered by cultivation, is considerably higher than some of the older
alluvia along the line of the Mahim road beyond Byculla, over which no
recent marine deposits can be traced, though in reality they are at pre-
sent several feet below spring tides. The depressing process would
seem here to be still in progress ; we have no reason to suppose this to
have been subject to tidal inundation 170 years ago, when Dr. Freyer
wrote, though he distinetly describes the isolation of Liove Grove and
Mahim.
Litrorat Coxncrete, of Suern Gravern DErosiT,

95. Iis Character.—As we have no river or recent fresh-water depo-
sits, the upper marine beds constitute the newest of our formations,
seeming to belong to the post-pliocene, or recent deposits, the materials
of which they consist being identical with those now on the sea shore.
The mass varies from 10 or 12 feet to a few inches in thickness : it
is in general laid down in regular beds, for the most part pretty nearly
horizontal, and having no appearance whatever of drift. The material
is sometimes perfectly loose, and without any mineralisation whatever:
most frequently it is united by a calcareous cement into a tolerably firm
shelly rock. The larger shells are often filled full of spar, and on many
oceasions the external coating is all that remains of them, the walls of
the shell itself being transformed into crystalline limestone. In this form
it constitutes a valnable building stone. It is a curious fact, that it
often appears in these two opposite conditions in places closely contigu-
ous to each other. On the western hall of the Esplanade, fron near
the Church Gate road to the Native Town, it is in the condition of rock.
Near the Native Town more especially it is highly crystalline, the
material excavated from the Dhobee Tank in April and May 1851 being
to the depth of twenty feet continuously* erystallised throughout. To
the eastward again of the Wellesley Monument, and all along from the
Cooperage to Malabar Hill, within from 100 to 200 yards of the shore,
the material is perfectly loose from the surface down: it abounds in
fresh water, and notwithstanding the porousness of the soil, is favour-
able for the purposes of cultivation.

26. In excavating two large wells near the Wellesley Monument,
the shell-gravel was found to extend down 18 feet, to the Trap ; the
lower beds, being of sand, were being dug through, when the water
flowed so freely at the driest part of the season that it materially inter-
rupted the work. Here large masses of coral were found, such as is
now growing in Back Bay: it occupied the position in which it grew,

* See Reports of the Bombay Geographical Society for April, p. 45.
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and had neither suffered from decomposition, mineralisation, or abra-
sion. This variety of coral never appears on our shores as a rock, for,
having attained the thickness of 6 or 8 inches, and an area of 3
square foot or two at the ontside, the zoophyte seems to die, and the
stony covering to become detached. On this the coral almost imme.
diately becomes abraded and worn, and is found in rolled masses on the
beach. The inference from the condition of the coral found under the
shell gravel on the Esplanade is that it was suddenly submerged, and
at once buried so deep in sand and gravel that it was beyond the reach
of farther injury: how the water which pervades the whole shelly and
arenaceous beds in Bombay should within such narrow limitz be pos-
sessed of such different properties—crystallising the shells at one place,
and filling up their cavities into a solid crystalline mass, and leaving
the whole gravelly mass unaffected in others close by—is not easily
explained.

27. Where the shells are generally cemented and mixed with argil-
laceous matter, as, for example, where the railway cuts through the road
opposite Mahim Wood, and again near Sewree Fort, the formation
becomes exceedingly hard and compact, with an earthy in place of a
erystalline appearance.

28. Wihere found.—The formation, the peculiarities of which have
thus minutely been described, first makes its appearance on the sea
shore south of the Lighthouse, and forms the graveyard at the root of
the Prongs. On the Harbour side of the island it reaches along the
shore as far as the Pilot’s Pier, constituting a considerable portion of the
Observatory compound up to the level of about ten feet above the sea,
It forms the grounds of the Lunatic Asylum, and the drill-ground
betwixt the Catholic Chapel and Cabool Church, and so extends
wherever the level of the ground does not exceed 12 feet, to the end
of Colaba, near Bombay. A large portion of the lower part of the Fort
is built on it : it forms the whole of the Esplanade, extending from the
Apollo Pier to Malabar Hill, and so under the lower portions of the
Native Town. It appears a hard compact rock a little to the eastward
of the Gowalla Tank; near the Garden House of Juggonath Sunkersett
it exists as loose shell gravel ; a little beyond this it vanishes. Around
the base of the hills, near Mahaluximee, and close up to the end of the
Love Grove Velard, it narrows out into a thin border of gravel, and so
continues by the shores of Love Grove and Worlee Hill. The whole
of the level cocoanut grounds which constitute Mahim Wood are formed
of it, and it forms the little neck on which the fishing village stands
connecting the castle rock of Sewree with the hill, Itis found all
along the low shores of Salsette, Versova, and the islands to the north,
end the whole of the low grounds by the shore to the southward. A
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large isolated mass of it presents itsell on the line of the railway, most

opportunely for the ballasting of the work, near the haystacls, half way
betwixt Bycnlla and the road to Parell. The material here is loose and
incoherent, and it abounds with the fragments of kunkur from the blue
clay, and the calcareous tubes [rom the mangrove roots about to be de-

' seribed. From this circumstance it seems likely to be still more recent

in its formation than the substances referred to, which do not appear to
have come into existence till after the emergence ol the blue clay with
the concrete over it from the sea. This mass of gravel, which is alto-
gether imbedded, is at present below the level of high-water mark.

Brve Cray, witn Kunkur, anp Mancrove Roors.

99. Character.—Immediately beneath the formation just described,
unless where this rests directly on the rock, is a bed of bright blue clay,
highly calcareons and charged with salt, nearly identical in appearance
with the sludge in our estnaries and along the shore. It varies from a
few inches to several feet in thickness; its upper margin is at present
about a foot or so below high-water mark. It generally abounds with
the roots of the mangrove, obviously still remaining in the position where
they grew ; the fragments of the stem stand some inches above the clay.
1 have never been able to find any remains of them in the concrete
above. The hue and substance of the wood is in some cases but little
changed ; the fibres are still tough, their colour red, and somewhat more
dark than that of mahogany. For the most part, however, the roots
are cemented into a black, softish, peaty matter, which crumbles in the
hand : it cracks in drying, and when dry is brittle and lustrous, like coal.
It burns without either flame or smoke: long exposed in the damp, it
first becomes coated with a thin filn of sulphur, its cracks being occa-
sionally filled with pyriteous matter, Occasionally it becomes covered
over with beautiful greenish white spicul® of sulphate of iron. This
salt is so abundant in the lignite beds near Quilon as to be collected
and made use of for the purposes of the dyer. The clay is full of
nodular masses of greyish coloured limestone, from the size of a pellet
of small shot to that of the hand,—a variety of the substance called
Kunkur, which prevails all over India, and furnishes the bulk of the
mortar used in building.* The Kunkur of the Blue Clay Formation is
remarkable for the extraordinary resemblance its nodules bear in point
of form to common chalk flints; a resemblance so striking that, but for
a slight difference in point of tint, the most practised eye could not
discriminate betwixt them.

30. The mangrove roots are full of perforations, obviously made by

* For a deseription of Kunkur, see Note C, Trans. Bombay Geograph, Soc, vol, x, p. 220,
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some marine worm; they vary from the thickness of a goose-quill to
that of the thumb.

These borings often extend for several feet inaline continuously : they
are invariably coated with a lining of pinkish white carbonate of lime,
varying from a few lines to a sixteenth of an inch in thickness. TIts tint
and texture is not unlike that of some varieties of satin spar; it is erys.
talline throughont, but has evidently been deposited in successive layers,
of which fifteen or twenty may occasionally be counted. It seems pro.
bable that the outermost of these coatings may have been deposited by
the worm which bored the hole—similar borings, but of very mueh
smaller dimensions, are still found in the decayed specimens of the root
of the mangrove growing on our shores, the calcareous coating being in
this case, however, as thin as paper, and equally polished on both sides;
and that this was thickened afterwards by deposits of pure carbonate of
lime from the rain water of the monsoon,* this at times going on till two.
thirds of the boring are filled up by the spar. The walls of these tubes are
always thickest on the lower side, especially when the deposit has been
considerable, and they are generally uneven inside: outside they are
smooth and polished, conforming entirely with the shape of the boring
which forms the mould. When found in situ, these tubes are generally
filled with paortions of the blue clay from the surrounding beds. This
in many cases is hardened into kunkur of the form of the interior of the
tube, of the texture and substance of the nodulesaround : in many cases,
the fine sparry coating has been partially or wholly eaten away or redis-
solved by the water, so that nothing but the kunkur core remains. The
perforations and fangs of the roots have {requently been filled up from
the outset with elay, which has become kunkurised, =o to speak, furnish-
ing a cast. Itis very seldom that they have any internal organic struc-
ture, though I have met with a few cases of the opposite, so that they
are merely casts and organic in external aspect, and parfake in no way
beyond this in the character of petrifactions. The best open section of
the relation betwixt the concrete and blue clay is that on Sewree beach,
where all the characteristies of both formations are fully manifested, and
it will be seen from the lithographs that the appearance presented by it
is not unlike that of the dirt bed of Portland.

31. 'The blue clay, with the mangrove roots, and all the other charac-
teristics already referred to, is found in all the wells I have met with
in Mahim Wood, and in most of those under the western portion of the
Esplanade, the same as at Sewree ; as also along the line of the Grant
Road, and so to Juggonath Sunkersett’s house ; it crops out under the
sands betwixt the rocks in the upper part of Back Bay and the Sanita-

* This explanation is suggested by Mr. Carter, to whom T have submitted specimens of all
the varieties of encrusted borings ; it seems to meet the rircumstances of the case.



BLUE CLAY. 183

rium ; it is found forming the rice fields betwixt Matoonga graveyard
‘and Sion, transformed into the ordinary brown earth of our higher
‘grounds, and recognisable chiefly from the tubes which indicate the
former existence of mangrove roots.

392. Whenever the excavations in the places enumerated are first
‘made, a very powerful eflusion of sulphuretted hydrogen gas is emitted,—
'so much so at timesas to give a taste to the waler and taint the air around.
I have met with no good section near Sion or inthe higher portion of the
Flats betwixt the Club and Love Grove, but the Kunkur and the tubes
abound on the surface in both of these localities: I have no doubt the
arrangements are the same. When tolerably free of salt, the Blue Clay,
as in the case of that under the Esplanade, answers for pottery purposes,
but it shrinks greatly, and is apt to warp in drying; it burns into a
dirty yellowish red. When much contaminated with salt, as is the case
of that in the Flats, it is most difficult to sweeten it: I have washed
specimens of it in a tub for the whole course of a monsoon, and to the
last, found the water with which it was washed slightly salt to the taste.
When thrown or moulded in this state it promises admirably, and turns
when green like fine horn; the moment it is further dried it erumbles
lo pieces.

33. Along the line of the railway, betwixt Mahim Road and Sion, the
conerete is awanting—the blue clay extends from the surface down to
the rock. The Lagoon Formation, or newer clay, covers the fractured por-
tion of the mangroves, here penetrating to the depth of from one to two
- feet, the railway eunttings furnishing excellent exhibitions of both. Here

selenite is found in abundance, filling up in plates the cracks of the clay.
The plates are generally oval, thinning out at the edges all round ; some-
times they are lenticular: they vary in size from an inch to four inches
in their larger, and about hall as much in their smaller diameter, and
from one-sixteenth to half an inch thick. Externally they are rough and
earthy, of a greenish or yellowish brown tint: when held up betwixt
the eye and the light, a beautiful feather-like object makes its ap-
pearance along the axis of erystallisation—it can be rendered beautifully
distinet by grinding the specimens on their thinnest side, then polishing
them. The selenite plates are always found on edge, and they split
with much ease with a perfectly smooth and brilliant surface and even
texture, in the direction of their larger axis, and at right angles to their
plane: this, so far as I have observed, holds uniformly, and forms a
striking contrast to the more extensive deposits of the same mineral in
the deserts of Egypt and of Sind, where.in the great majority of cases
the plates do not break across, but split in the plane of the plate, or
parallel to the plane of the walls of the vein. I have not met with
any fibrous or compact specimens of the mineral in Bombay ; they are
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plentiful in Sind and Egypt. The formation of the selenite, like that
of the kunkur, is now in progress, and is very easily explained. The
sulphates of soda and magnesia of the sea salt decompose the carbonate
of lime, and afford carbonate of soda and magnesia, which at Bombay
is washed away by the rains, and sulphate of lime or selenite remains *

34. In cutting the town drain vast masses of oyster shells were ex-
cavated from the blue clay about 5 feet under the surface, to the
southward of the Grant Road, and nearly opposite the Grant Medical
College ; and again in the railway cuttings opposite Parell, and near the
village of Matoonga : they seem identical with those now abounding on
our shores. They are of very large dimensions, and a single mass of
them adhering firmly together was sometimes detached nearly half a
ton in weight. The surface of the ground here is set down by Mr. Cony-
beare as about two feet under high-water spring tides, so that the sur-
face of this portion of the island must a century since have been liable
to oceasional submergence.

Lower Arvuvivm.—YELLow EAaRTH.

35. The cuttings throngh the Flats along the line of the railway
afford an excellent exhibition of a third alluvial formation, obviously of
much older date than the blue clay: it is of a chesnut-brown, or yellow-
1sh brown colour, the tint becoming lighter as we recede from the
surface. It is less liable to crack during the hot weather than the blue
clay, especially where regularly cultivated : in moist, or seldom tilled
spots, such as those around the Byculla Schools, it eracks and splits in
all directions, the fissures often extending several feet into the ground,
—the earth where freshly excavated presenting in many cases a glossy
striated appearance in the walls of the fissures. I have never met in
these beds with any fragments of wood or other vegetable matter truly
belonging to them, and they are nearly devoid of all organic remains.
I felt at a loss whether to assume it to be of marine or lacustrine origin,
when the excavation of a large tank near the railway, betwixt the
Bishop’s house and the Byculla Schools, solved the difficulty. The
surface here, as estimated by the line of the railway, is 20 feet
above the level of the sea—at least 8 feet higher than the most ele-
vated of the newer marine formation. Six feet under this the yellow
earth was found to abound with nodules of kunkur, of a hard arena-
ceous semi-crystalline texture : a piece of the shell of the thin paper or
pearl oyster formed the nucleus of each nodule ; the shells where not
protected by an encrustation of kunkur had all apparently been dissolved
out, This solved the question: the lower alluvium had originally been
a marine deposit,—blue clay, or silt most probably,—which, on being

* See Note D, Trans. Bombay Geograph. Soc. vol. x. p. 225.
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elevated and long exposed to the air and rain, had had the marine re-
mains, and probably the original flint-like nodules of kunkur, dissolved
outofit. Common oyster and other shells were afterwards found in {rag-
ments, but not in such numbers as to enable the age of the formation to
be determined. 'The kunkur with which the lower alluvinm abounds
is of a somewhat paler tint than the soil itself: it is the same in point of
external appearance as that generally prevalentin the interior, and bears
no reserablance whatever to the smooth and fantastically shaped no-
dules found in the blue clay. Itis rough and amorphous, often runs
out into long branches like coral, and has always a fibre of grass, or
some other vegetable, shell, or mineral substanece, in the centre—the
primary nucleus, around which the lime had originally deposited itself.
In the absence of woody matter the peculiar form of the kunkur and
aspect of the soil itsell makes this readily distinguishable from the for-
mations just over it; though, if it was, as I have assumed, originally a
marine formation, the cause of these differences is not easily explained.
It is probable, at the same time, that the nodular kunkur found in the salt
clay may, by long exposure to the action of fresh water, have been redis-
solved, and the lime contained in it a second time thrown down in the
form in which it is now found. The lower alluviam forms the soil of
nearly all the higher portions of the island, with the exception of those
where the substance about to be desceribed—the Red Earth—takes its
place. Betwixt the railway and Byculla it is about 20 feet above
the level of the sea: it is found to the depth of 15 feet from the sur-
face, and is nearly uniform in its appearance throughout. At Mr.
Dickenson’s house, again, as already stated, and so along the Mahim
Road, and across towards Chinchpoogly, it is several feet under the level
of the sea: yet no recent marine deposit is discernible over it, furnish-
ing a presumption that a considerable amount of subsidence has occurred
since the tide was excinded by the works betwixt Mahaluximee and
Love Grove about a century ago, at which time it must, it would seem,
have been higher than at present.

Rep Eartu ; Decomposen Trarp.

36. Lall Muttee of the Natives. I am not aware that the two pre-
ceding formations have any particular name or designation amongst the
natives. That about to be deseribed is called Lall Mullee, or red earth,
in contradistinction, apparently, to the ordinary soil on the one hand, and
the moorum on the other; the term mooram being indiscriminately
applied to decomposing trap, soft sedimentary rock, or anything which
is too hard foragricultural and too soft for building purposes. It seems
unfortunate that a term of such vague significance and general appli-

cation should not, when used by men of science, have the precise
24¢
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meaning to be in each particular case attached to it explained. The red
earth, so far as T know,* is always found lying immediately over green«
stone, or some similar variety of friable trap: I have never, unless’in
Salsette (see para. 38), met with tuffa, much less with sedimentary
rocks under it. Tt is of a brightish or brownish red colour, nearly that
of brick dust. About two-thirds of the whole consists of stony pieces,
about the size and form of horse beans. 'These are for the most part
glazed and shining externally—internally they are black and earthy,
like soltish trap. The matter in which they are imbedded, when washed
out and by itself, forms a fine plastic red elay, which suits well for the
purpose of the potter, being easily moulded or thrown, and standing a
very high degree ol heat without soltening or warping: all our other
clays fuze at a red heat, and are most intractable as material for pottery,
It requires some forethought and preparation to procure it in sufficient
quantity for the potter ; and, wretched as is our other material, it seems
never io have been thought of for pottery purposes, till a large bed of the
finer portions washed free of stones was deposited by the monsoon of
1851 close by our School of Industry brick-field, and its qualities thus
became immediately known to us. On first being exposed to the air, or
subjected to cultivation, it refuses to sustain vegetable life ; no plant
whatever will grow upon it, and it remains without vegetation during
the wettest season, when the rocks themselves are almost green, With
moderate manuring its character in a few months’ time becomes com-
pletely altered,—the stony pieces disappear from it, it changes its colour
from red to brown, and becomes a fine uniform unetuous soil, remark-
able for its fertility : the alteration may be effected in a few weeks’ time
during the rains,and then it becomes fertile in the extreme, each succes-
sive erop improving its qualities and texture. It is areatly sought after
by gardeners for mixing up with the other ‘more promising-looking, but
in reality less productive soils. Inthe Red Rarth large concretionary
masses, from the size of the fist to that of the head, or upwards, are
frequently found, to all appearance aggregations of the earth itself.
Externally they are glazed and of an even texture ; internally they are
compact, corroded, and vesicnlar,—so perfectly like the more ordinary
varieties of laterite that it is difficult to distinguish the one from the
other,—the only difference betwixt the two being that the one is a shade
more rusty in its tint than the other. T'hese concretions are often seen
to all appearance in the act of forming—they are much heavier and
more compact than a similar volume of red earth, and yield with consi-

* The reader must he cantioned as to the weight to be attached to my authority on this
matter. Tied down by professional avocations to Bombay, my observation has been in a great
menasure limited to the island, and though it is impossible wholly to avoid generalisation, it
must be remarked that 1 have generalised on very limited data.
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derable difficulty to the hammer. Crystals of siliceous spar, and a
curious variety of laminated quartz, are found imbedded in the red
earth : I have not met with any other trappean minerals in it, but then
I have not happened to fall in with specimens of the earth near any of
the rocks in which minerals abound.

37. Situation.—The red earth is always found on the surface of trap,
often in immediate contact with it, and enveloping it on all sides,
though there generally is a mass of rusty-coloured or yellowish
earthy matter, obviously the rock in a state of decomposition, between
them. For five or six feet occasionally it is entirely free of rock, and
is thronghout of perfectly uniform hue and texture. In general, how-
ever, numberless masses of boulder trap, from a few inches to several
feet in diameter, are found thickly imbedded in it : it fills up the
intervals betwixt the masses of trap, to the depth of 15 or 20 feet,
and is oceasionally found beneath them; I have never met with it lower
down, and the lowest loose matter amongst our traps is soft yellow
ochry earth, obviously the result of decomposition, and which is found
in all stages of decay. 1 have not met with it, at the surface, in
point of level anywhere so low down as our recent marine formations,
o0 as to be able to observe the efiect on it of having been submerged.
The boundaries of the red earth are abrupt, and it seldom shades or
merges into any other rock; the trap in contact with it seldom mani-
fests signs of decay ; the earth is never stratified, and exhibits no appear-
ance of watery deposition ; and amidst the difficulties of explaining its
appearance, I have come 10 the conclusion that the probabilities on the
whole are in favour of its being of trappean origin, or rather of its being
trap in a state of decomposition, hard as it is 1o reconcile this assump-
tion with many of the most notable circumstances attending it.

38. Red Earth abounds atthe southern extremity of Colaba, over the
Greenstone around the Observatory ; it forms an integument over the
Basalt of Malabar Hill ; it prevails in large masses along the ridge
betwixt Chinchpoogly Hill and the sea, near the School of Industry.
The railway passes through a deep cutting beyond Sion, just as it en-
ters the island of Salsette ; the rock here is a purplish tuffa, which
will by and bye be described (see extract from Mr. Carter’s paper, para.
42). The Red Earth is of a brownish tint, much less red than it gene-
rally is, more friable and fertile looking, and free of the small stony par-
ticles which characterise it. I have not met with any ferruginous
concretions in this variety of rock. The peculiarities under agricul-
tural treatment are given from my own observation as a cultivator, The
red earth presents us with a striking contrast in this matter with the
regur or colton soil, which is distinguished for its fertility from the out-
set, without requiring any aid whatever from manure for centuries of
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constant cultivation : the Red Earth is fertile only when fed with organie
matter. Il both be, as has very often been supposed, the débris of the
Trap on which they rest, no two substances ever owned a common origin
in all their characteristic features so perfeetly dissimilar.

ErraTic MassEs.

39. Laterite.—This closes the list of our true alluvia ; and before
proceeding to deseribe the older rocks, a short notice of the erratics, few
in number as they are, may here be given. Though granites of all
descriptions, five or six varieties of limestone, quartz, hornstone, &ec. &e.,
are occasionally to be fonnd on our shores, Laterite® is the only one de-
serving the name of erratie, the other rocks and specimens, with the
exception of the hornstone, appearing all to arrive in the form of ship’s
ballast.

The nearest point at which this singular rock occurs in situ is thirty
miles off : though great abundance of it in all its varieties is to be met
with all around our shores, I have not fallen in with any specimens of it
in the interior of the island. It is found on the little island of Kenery,
separated by seven miles of deep channel from the mainland ; along the
shores of Versova and Salsette, and so on to Gogo, on the further side of
the Gulf of Cambay, by which it is ent off from all the laterite formations;
—it is not found in Kattiawar; how much farther north I know not, this
being the limit of my experience. Great blocks of it are seen built into
the fort and walls of Surat, brought, I presume, from the sea shore to the
northward along with the other building material, there being no stone
of any sort in the neighbourhood. In absence of all idea of glacial
action, the only explanation that can be given of the appearance in such
abundance of a rock so heavy, so loose in its texture, so friable and apt
to suffer from disintegration, at such distances [rom its proper habitat, is
that at no great distance of time it prevailed over a larger area than
that which it now occupies, and that the fragments now found are the
scanty remains of the masses removed by denudation before the
emergence from the sea of the lands over which they prevail. T admit
that this seems a strained and is a very ill-supporied hypothesis, yet I
know not what other there is that will so well explain either appear-
ance. The abundance in which the Laterite is found prevents the idea
of artificial transportation. I have thought I could sometimes detect it
imbedded in the blue clay formation, but do not feel sufficiently assured
to pronounce on the point. It is mentioned by Mr. Prinsep as amongst
the materials brought up by the boring tools from the Delta of the
Ganges in seeking for water at Caleutta, and is probably the fer-

* I have seen reason to change my views on the subject of Laterite since 1852, and now feel
eonvineed of its being decomposed Trap, assuming an infinitude of different forms.
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ruginous clay found in the borings at Madras: in both these cases it
might have been brought by streams from the mountains under the pre-
sent state of the earth’s surface.

Fresu-Warer Beps ALTeErsaTIiNG Wit Trap®

40. The outerop of the fresh-water beds is almost invariably under
high-water mark, both on the shores and in the interior of the island, and
in the latter ecase it is covered over with a thick mass of alluviam,
which, being mostly salt, has seldom been dug through in search of fresh
water. There are no streams or river channels, and no euts or excava-
tions of any considerable magnitude across the strike of the rocks, and,
with the uncertainty created by the sudden descents and upheavals,
disloeations and disturbances, which occur in trap, it is not easy to pro-
nounce with certainty as to whether there may not be some faults, slips,
or inversions, amongst the strata which have not yet been observed;
there is no evidence that there are. My conviction is that there are not
any of these things to be met with from side to side of the island ; and
under this hypothesis, there are at least six separate deposits of sedi-
mentary matter cropping out betwixt Love Grove and Sewree, a distance
of five miles across the surface, or of probably less than hall a mile,
say two thousand feet, in a line at right angles to the plane of the
strata. It is very probable that it is to the alternation of beds of trap and
sedimentary strata, arranged horizontally ornearly so, that the remarkable
stratified appearance, which renders the mural precipices of the Western
Ghits so picturésque, is due. The uncertainty as to the number of
separate beds is increased by finding one of these at Sewree divided
- into two by the intrusion of a mass of trap in the middle of the bed, and
similar things may probably be found to have oceurred more than once,

41. I have assumed the beds which protrude from under Malabar
Hill to be an extension of those seen at Mahaluximee, at Love Grove,
and again at Worlee : from the Wood-stacks to the base of Tardeo Hill,
and again from Mahaluximee to close by the Sluices, and in a straight
line from this to the extreme end of Worlee Hill, the rock is hid under
alluvium, and there are various similar beds close at hand. So far as
the outcrop is visible along the sea shore, the beds under Malabar Hill
are ol a pale ochry yellow ; they dip at an angle of about 15° W. and

* “The island of Bombay is composed of five or six bands of trap rock, chiefly greenstone
and amygdaloid, conformable, dipping west, at about 10° or 15° and separated by beds
that have the appearance of being of sedimentary origin, though there is no actual proof
of the fact.”"—Clarke on the Geology of the Neighbourhood of Bombay. Trans. London
Geol. Society, vol. iii. 1847, p, 221, *There is now, as will be seen, great abundance of
proof, not only of the sedim entary, but of the fresh-water origin of all the beds.”—TFalconer’s
Account of Perim.—Geol. Journal. Dr. Lush considered the sedimentary rocks of Bombay
ahove the trap--they, in fact, alternate with it.
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by 8., and scem about 40 feet in thickness, conjoining the perpendi.
eular scarp in the cliffi with that showing itsell horizontally under the
tide. The upper beds, as exposed, are much less friable than the
under ones. Some [eet below the trap large compact masses, contain-
ing small scales of mica, have been met with : some of these are per-
fectly black, charged with carbon: when freshly broken they smell
strongly of naphtha, and might readily be mistaken for strata of the
coal formation. Some of them abound in small erysials of sulphuret of
iron, supposed by the natives, when first found, to contain gold. Im.
pressions of reeds and grasses are found in abundance both on the black
and yellow shales ; I have not met with any other remains, but have no
doubt that they exist in abundance. The beds first show themselves
about half a mile inland from Malabar Point, where they emerge
somewhat suddenly from under the basalt; they are not traceable on
the other side of the hill. They continue along the line of the publie
road and sea shore for about two miles, when they are buried by the
marine deposits from the Wood-stacks up to near the Gowalla Tank.
Here I have met with them in the bottom of several wells near the
country residence of Juggonath Sunkersett. They are once more lost
sight of till seen again in an excavation at the edge of the Flats opposite
the Bee Hive, near Mahaluximee, and near the Velard ; and just on the
seaward side of this, on the beach opposite the residence of Sir Jam-
setjee Jejeebhoy, the strata are seen set on edge striking out betwixt
two beds of trap till they thin away into a point. The bed reappears,
in the same line as that in which it is last seen, betwixt the sea and
shingle beach below the low precipitous cliff under the temple of
Ram Hill, which forms the southern part of the Love Grove group of
eminences. Here the strata are nearly horizontal, the colour of the
rock a somewhat brownish yellow ; the mass visible is about three feet
in thickness. Both towards the land and round by the sea shore,
it disappears under the basalt, and continues for half a mile invisible.
it reappears for about thirty yards on the sea shore, about hall way
betwixt Mr. Smith’s house and the Sluices. Here, where the covering
of basalt is awanting, it has been pierced by a well, and water found in
abundance.

42. 2. Love Grove Beds.—The extensive cutting for the debonchure
of the town drain, at the Sluices near Worlee Hill, affordsa beautiflul
section of the trap and stratified rocks. The general level of the island
is so close on that of high-water that a canal two miles in length re-
quired to be cut before a proper point of discharge could be found for it
and here a cut 30 feet across, 1,000 in length (the continuation of the
canal to seaward), and 16 in depth, required to be made, to enable it
to secure sufficient scour from the sea. The cut traverses a little
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- natural valley, betwixt a hillock of basalt, part of the Love Grove ridge,

and the southern end of Worlee Hill. The stratified rock along the
valley appears at the surface, and is seen to descend at both sides under

 the trap, dipping to the W.and by S. at an angle of about 12°, in a

tolerably even plain. The upper beds are of a dirty vellowish colour
for about from one to two feet down: to this a mass of perfectly black
strata, highly bituminous, succeeds. Tt smells strongly of coal tar when
fresh broken, and smokes, loses weight, and changes colour, in the fire.
I't abounds in impressions of reeds and grasses, and here also skeletons
of frogs and tortoises are to be found.* Just atthe Sluices the regu-

 larity of the beds has been disturbed, and they dip for a little in all

directions. Here they are surmounted by a large mass of basalt, rising
into a little hill: more towards the sea they crop out again, the
basalt disappearing; and from high-water mark out to sea they are
covered over with a mantle of basalt broken into fragments, and from
two fo four feet in thickness : and this state of matters continues till the
rock disappears under the ocean. The lower beds of these strata are

 full of nodules and septaria, and seem 1o have been much disturbed in

comparizon with the upper or rather the middle strata, which look as if
laid down in a state of great repose; and the cause speedily becomes
apparent, Just to the northward of the great cut, the stratified rock has

 for a short distance been peeled off by the sea, and the trap under it
| exposed to view. Its surface is corrugated and {urred in all directions,
 comsisting mostly of globular or highly vesicular masses, with every
- here and there pieces of semifused strata, showing clearly that the sedi-
' ment had assumed its position when the melted matter impinged on it
from beneath, the trap itself becoming greatly affected in its external
character by the cold material with which it came in contact, while the
sedimentary deposit was partially fused or cherfified by the fiery mass,
The stratified rock reappears again all around the end of Worlee
Hill, facing the Sluices, and presents itself for a few scores of yards
both along the high road and sea shore, to the northward, where it is
once more lost under the basalt. Here, however, the stratified cliff is
about six feet in height; the rock has been melted both above and
below, showing that the trap from beneath, and that above, were both
hot when they impinged on it. It has at one point been much disturbed

* “The Batrachian beds are a mass of blue rock [those under consideration) weathering into
shale not unlike ordinary coal strata, containing what I have no doubt will turn out to he
vegetable impressions. The upper beds are interstratificd with thin seams of sandstone and
argillaceous rock, and over the whole is & mantle of basalt, which cannot be less than seventy
feet thick. This basalt has i parts caused imperfect fusion of the fossil beds, obliterating their
stratification, and auEIErimpnsing m}mgthing of its own columnar or at least Pl'iﬂmﬂl.ic charac-
ter."—Mr. Clarke. Prﬂnﬂl:{lings of the Lond. Geol, Society, 6th Jan, 1847, Al this is in
perfect accordance with my own ohservations.
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by some agency coming into operation after the fused beds had
become rigid, and which thus foreed the zigzag fragments ol chertified
rock into the middle of the mass. The fossils in this bed were first dis.
covered by Dr. Leith in 1846, when the engineering operations were in
progress, as referred to by Mr. Clarke. Just as I had nearly completed
the preparation of this paper, an essay on the Geology of Bombay was
read before the Bombay Branch of the Royal Asiatic Society (Decem-
ber 11, 1851), by Mr. H. J. Carter, of which the following is an
abstract :—

« The Author stated that the island of Bombay, though unpromising
in aspect geologically, was nevertheless of extreme interest in this re-
spect; that although at first sight it might appear to be nothing more
than a mass of black trap, yet that nevertheless it presented in its com-
position the three classes of rocks, viz. Igneous, Liacustrine, and Marine,

«That there was distinct evidence of successive effusions of the
igneous rocks, and that they had been thrown up through the lacustrine
strata, which were of ancient date, and had thus again been brought to
the earth’s surface and exposed to view.

¢ That the latter were deposits of fresh water there could hardly be
any doubt left, since to the author's knowledge no marine fossil had
been found in them, while they abounded in lacustrine ones. Dr. Leith
had discovered in them species of reptiles belonging to the Chelo-
nian and Batrachian orders; the former consisting of fresh-water tor-
toises, of which he had found specimens of nine or ten individuals bear-
ing the distinguishing marks of the Pleuroderal Elodians or Marsh
Tortoises, and the latter of Frogs, of which he had found numbers in two
separate places widely apart: the Frogs had been called by Professor
Owen, Rana pusille. FEntomostraceous Crustacea of the family Cyprida
prevailed throughout these lacustrine deposits, and in some parts strata
were wholly composed of the shells of these little animals: there were
the remains of several species of them,—one ovoid and granulated on
the surface, another eylindrical, and a third discovered by Dr. Leith
which had a striated rim round the large end. The author had also
found several small seeds, and Dr. Leith, again, had discovered legumi-
nous pods, like those of the tamarind tree, with roots and stems of aquatic
plants, which, with pieces of various kinds of wood, abound in the lower
part of these strata in a bituminised or anthracitic or coaly state, giving
the whole a black carboniferous character. No positive evidence of
shells had yet been met with, but the author had found,in a black cher-
tified portion of the upper part of these strata, the section of a fossil
which could hardly be taken for anything else but the remains of a shell
resembling Paludina. All this proved that these strata were purely
lacustrine, and hence it followed that in the position now occupied by
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the island of Bombay, that is, so far as latitude and longitude are con-
cerned, there was once a river or fresh-waler lake; but it by no
means followed that this lake should have been on a level with the
sea, since the author had shown, in his Memoir on the Geology
of the South-east Coast of Arabia, that that shore at least of the
Arabian Sea had undergone an elevation and depression of more than
4,000 feet.

“Next to the Lacustrine strata in interest, perhaps, was a rock which
had been called ¢conglomerate,’  trap-tuffa,” &e. This appeared to be
an igneous one, which had been altered by its passage through aqueous
strata and formations containing much iron. The presence of large
angular portions of aqueous strata proved this, and the heterogeneous
admixture of igneous and aqueous rocks in the greater part of it made
it closely resemble in composition the Rothliegendes of the New Red
Sandstone Series, also called ¢Exeter Conglomerate’; while its argil-
laceous nature in some parts, mottled red and white and always highly
ferruginous, allied it with the foregoing characters so strongly to the
Laterite, that the author conceived them to be one and the same forma-
tion, There had been two or more effusions of it, because dikes of it
were seen passing through masses of the same material ; the hills at the
northern extremity of the island were composed of it; it might be seen
following the course of the lacustrine strata imbedded in the Trappite,
and bursting through the latter in several places.”

43. 'The yellow sedimentary ‘beds continue traceable all along the
landward base of Worlee Hill by the public road, occasionally mani-
festing themselves on the sea sho