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INTRODUCTION.

In offeririg to the Public the present portion of the Asiatic Researches
in a distinct and separate form, and in thus deviating from the mode of
publication which the Society has hitherto adopted, it appears expedient
to state briefly the circumstances which have led to the present arrange-
ment, and the motives by which it has been recommended.

Towards the close of 1827, several members of the Asiatic Society,
who felt an interest in scientific enquiries, and who conceived that the
ordinary Meetings of the Society were held at intervals too remote, and
for purposes of too miscellaneous a nature to be calculated to promote
scientific investigation, were induced to consider the most effective means
to be pursued for the special furtherance of that object. On referring to
the Minutes of the Society, it appeared that on the 7th of September,
1808, it was resolved, that ¢ a Committee should be formed to propose
such plans, and carry on such correspondence as might seem best suited
to promote the knowledge of Natural History, Philosophy, Medicine, Im-
provements of the Arts and Sciences, and whatever is comprehended in
the general term Physics;” and a Committee was formed accordingly, and
Meetings were held, but they had for sometime past been discontinued.
The formation of the Committee was, therefore, recalled to the notice of
the Society, and on the 2d of January, 1828, it was resolved at a General
Meeting, that the Physical Committee should be considered as in

b
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existence, and for the same purposes as formerly, exclusive of Medicine,
for which a distinct Institution had already been established. Resolutions
were, at the same time passed, empowering the Committee to elect its
own officers, to frame its own rules, and to publish its proceedings as a
distinct portion of the Asiatic Researches.

Upon the organization of the Committee, communications were in-
vited from various parts of Hindustan, and the Papers consequently re-
ceived, are now offered to the public. They are printed in the same form
and type as the Asiatic Researches, of which they are an integral por-
tion ; but they are so far distinct that they need not be necessarily incor-
porated with the Literary Transactions of the Society. By giving them
a detached and separate existence, it has been thought that they would
be more likely to attract the attention of the readers to whom they are
chiefly addressed, or individuals engaged in scientific pursuits, than if
they were associated with matters which are more especially addressed
to literary men, or to the general reader.

The subjects to which the attention of the Physical Class of the Asia-
_ tic Society is principally directed, are the Zoology, Meteorology, Miner-
alogy, and Geology of Hindustan. To acquire an accurate knowledge of
facts by observation and experiment, and to apply those facts to a synthe-
tical explanation of particular phenomena, is the object of all Physical
science. In those branches to which the attention of this class is particu-
larly directed, facts may be accurately recorded even by the unscientific
enquirer ; the connection of these facts and the deducing therefrom general
conclusions, must be left to those whose habits of scientific combination
and accuracy have qualified them for carrying on this last stepin the process
of induction. It was principally with the hope of éollecting and recording
with precision, facts, that this Class has been established. Scattered asare
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our countrymen in the East, over so large a portion of the surface of the
earth as yet unexplored by science, the most common observer can hardly
fail to notice phenomena that may be important for the purpose” of Physi-
cal Research ; ‘ observationes fiunt spectando id quod natura per se ipsam
sponte exhibet.” Boscovicn. Few apparently as are the labourers in this
vast field, it seems but little understood how competent those few are to
make the most valuable additions to our knowledge. The Physical
Class hopes to encourage the spirit of enquiry by the assurance that the
labours of the observer will be no longer in vain. In order to assist
persons unpractised in Geology, the Physical Class are about to
republish Dr. FirTon’s instructions for collecting Geological specimens
with additional directions, which they are anxious to distribute as
extensively as possible to all who have an opportunity of collecting speci-
mens and forwarding them to the Society. It is with sincere gratification
that the Members of this Class are enabled to state, that although a year
and a few months have scarcely elapsed since its re-establishment,
communications have been received, affording ample materials for a coniti-
nuation of these Transactions, and that they have lost no time in placing a
second part in the hands of their Printers.

It may be necessary to add a few words upon the mode adopted in
the following pages of expressing native names in Roman characters, es-
pecially as they are mostly the names of places, which often assume a
very different character in the text or maps of the present publication, from
that which they wear in the most improved maps of ARRowsMITH or other
Geographers. The system here adopted is that which is described by
Sir WiLrLiam JoNEs, in the first volume of the Asiatic Researches, and
which has been followed with very few exceptions in all the subsequent
volumes, as well as in the Transactions of the Royal Asiatic Society and
of the Literary Society of Bombay. The orthography of the common maps’
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follows no rule whatever : the greater part of the names have been written
down according to their fancied sound, and without any regard to their ori-
ginal characters, or totheir signification. They are consequently in general so
_expressed that, to a native ear, they would be unintelligible, and they cease to
convey what, in their correct form, they very commonly imply, some circum-
stances of interest respecting their history or oriéin, their topographical
site, or peculiarities of soil, climate, and natural or manufactured produce. It
would have been as idle as unphilosophical therefore to have adopted the
forms of these names vulgarly expressed, especially in opposition to the
practice followed by the highest authorities. Their enunciation will be
sufficiently correct by attention to a few simple rules.*

* Thus—1.—The Consonants should be pronounced as in English. .
2.—The Vowels as in Italian, the long Vowels being distinguished by an accent over
them. :
There is one exception to the Italian sound of the Vowels, that of the short A, which takes the
sound it has in adorn, amend, and similar verbs ; or as in America, or that of % in Sun, &c.
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GENERAL OBSERVATIONS

ON THE

GEOLOGY OF INDI A.

Br JAMES CALDER, Ese.

-

It is singular to observe that, while England is ever ready to engage in
enterprises to explore the secrets of nature, even in her most inaccessible
retreats in other quarters of the globe, she should have shewn such
supineness and indifference respecting the Natural History of her eastern

dominions.

In the colonial possessions of other nations, the whole field of nature
has been explored and described by scientific and enlightened travellers ;
whilst, in India, it has been almost entirely neglected, with one splendid
exception, in which the munificent patronage of the East India Company
has enabled a distinguished Member of our Society to make magnificent
discoveries in the vegetable kingdom. May we not hope that the same
patronage may be extended to other departments of Physical Science, and.
that, as Indian Botany has found its LiNnnEus, we may yet see the trea-
sures of the Animal and Mineral kingdoms unfolded to us by a HumsoLpT,

and a CUVIER.
B In
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In the field of Geology, indeed, some steady progress has been made,
which the superintending care of the lamented Vovsey promised to ripen
into a rich harvest: fatally, however, for science, this ardent philesophic
inquirer was a martyr in the cause to which he was devoted. His loss
can only be duly appreciated by those who are aware of the great local
knowledge and experience which he possessed, added to his general scien-
tific acquirements, which so peculiarly qualified him for the task he had
undertaken. The labors of Dr. Vovsey (which, had life been spared to
him, a short period of time would have matured,) are not altbgether lost.
Some of his journals are in the possession of those who know how to
estimate their value, and who, it is hoped, will be enabled to present the
matter they contain to the public in as perfect a form as the incom-
plete state of the materials will permit. Availing ourselves partly of these
materials, and of the scanty notices already in print, and the communica-
tions of the few valuable explorers now zealously engaged in scientific
research, a few remarks may here be offered, by way of conveying some
, general view of the little we can yet pretend to know of the geological
ontlines of the vast field in the centre of which we are placed.

Casting our eye over the map of India, we are struck with the grand
and extensive mountain ranges which form the principal boundaries. On
the north we have the stupendous chain of the Himalaya, extending
fram the confines of China to Cashmir, and the basin of the Qzus; that
vast accumulation of sublime peaks—the pinnacles of our globe—is so
extensive, that a plane, resting on elevations of 21,000 feet, may be stretch-
ed in one direction as far as the Hindu Cok, for upwards of 1000 miles,
above which rise loftier summits, increasing in height to nearly 6000 feet
more. Primitive rocks alone have been found to compose all that has
yet been explored of the elevated pertion of that chain; gneiss being,
according to Captain HERBERT, the predominating rock, along with granite,

mica-shist
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mica-shist, hornblende-shist, chlorite-slate and crystalline lime-stone; on these
repose clay-slate, and flinty-slate, and towards the base we find sand-stone
composing the southern steps of the chain, and forming the N. E. barrier
of the valley of the Jumna and Ganges, by which, and the diluvial plains
of Upper Hindostan, this great Zone is separated from the mountain
ranges of the peninsula. The opposite, or southern boundary of this
valley, is of the same rock. Advancing to the south, we come to three
inferior mountain ranges, on which the peninsular table land of India
may be said to rest, or more properly, to which it owes its peculiar form
and outline. 'We may consider these ranges separately, as the western or
Malabar, the eastern or Coromapdel, and the central or Vindhya.

The principal in elevation, and most remarkable in continuity of
extent, is the western range, which commences in Candesh, and runs along
the Malabar coast, within a shart distance of the sea, in an unbroken’
chain, to Cape Comorin, excepting where it is interrupted near its
southern extremity, by the great chasm which opens into the valley of
Koimbetir. The direction.of this range deviates but little from north and
south, bending a little eastward towards its southern extremity ; its eleva-
tion increases as it advances southward, the highest points being probably
between latitudes 10° and 15° N. where peaks of granite rise to 6000 feet
and upwards.* The northern extremity of this range is entirely covered
by part of the extensive overlying trap formation, to be more particularly
described hereafter ; extending, in this quarter, from the sea-shore of the

northern

* In Mr. Bebington's paper, ia the 5th volume of the Geological Society’s Transactions, the
height of one peak, Benasson hill, is stated to be 7000 feet above the sea, and in a recent descrip-
tion of the Nilgiri region, by Dr. Smith Young, the peak of Dodapet, situated between 11° and
12° S. Latitude, and 76° and 77° E. Longitude, is said to rise to an elevation of 8700 feet—it is
to be regretted that we have ne published report of heights, by actual geometrical or barometrical
measurements, of the principal susmits of the mountain ranges of the peningula.
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northern Concar, to a considerable distance eastward above and beyond
the Ghats, as far perhaps as the river T'umboodra and Nagpore. These
rocks assume all the various forms of basaltic trap, passing from the
prismatic and columnar (of which some fine specimens are to be seen
opposite to Bassin, near Bombay) into the globular, tabular, porphy-
ritic, and amygdalotdal ; the two latter containing an interesting varie-
fy of included minerals peculiar to such rocks. The landscape here
exhibits all the characteristic features of basaltic countries. The hills
_ rising abruptly in perpendicular masses of a tabular form, or in mural
terraces, piled on each other, like great flights of steps leading to some
giant’s throne, are frequently separated by immense ravines—the whole
clothed with luxuriant forests of teak and other trees, producing some of
the most beautiful and romantic scenery of India. The elevation of this
part of the range seldom exceeds 3000 feet; but advancing to the south,
its height gradually increases, and granitic.rocks begin to re-appear, rising
above the surface between 17° and 18° N. Latitude, and from thence, proba-
bly, continuing to form the summits of the chain, with little interruption,
all the way to Cape Comorin. In nearly the same parallel of latitude, this
trap formation is observed to terminate also on the sea-coast, a little to
the north of Fort Victoria, or Bankot, where it is succeeded by the iron-
clay or laterite,* (a contemporaneous rock associating with trap) which

from

* We owe the first notice of this interesting Rock, which may, ‘perhaps, be considered as pe-
culiar to the Geology of this country, to Dr. Francis Buchanan, who gives the following description
of it in his travels, vol. 3, p. 440. ¢ What I have called indurated clay, is not the mineral so called
“ by Mr. Kirwan, who has not described this of which I am now writing. It seems to be the Argilla
« Lapidea of Wallerius I. 395, and is one of the most valuable materials for building. It is diffused
“ in immense masses, without any appearance of stratification, and is placed over the granite that
¢ forms the basis of Malayala. 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 soft,
¢ that any iron instrument readily cuts it, and is dug up insquare masses with a pick-axe, and imme-
« diately cut into the shape wanted, with a trowel, or large knife. It very soon after becomes as hard
¢ as brick, and resists the air and water much better than any bricks that I have seen in India. I



" GEOLOGY OF. INDIA. [

from thence extends as the overlying rock, with little interraption, to. the
extremity of the peninsula, covering the base of the mountains, and. the
whole of the: narrow belt of land that separates: them from the sea,
exhibiting a succession of low rounded hills and undulations, and repos-
ing on the primitive rocks, which occasionally protrude above the surface,
as at Malwan, Calicut, and some other points, where graxite, for a short
space, becomes the surface rock ; from. the main land, the laterite '
passes over into Ceylon, where .it re-appears, under the name of Kabik,
and forms a similar deposit, of some extent, on the shore of that island.
Passing onwards from the western, or Malabar coast, round the extremity
of the peninsula, we leave this extensive iron-clay formation, and crossing
the granitic plains of T'ravancore, which are strewed with enormous blocks
of primitive rocks, we arrive at the termination of the chain. Here the
eastern and western ranges appear united, and, converging to a point with-
in about twenty miles of Cape Comorin, .end abruptly at the Amboli pass
in a bluff peak of granite, probably about 2000 feet high, from the base
of which a low range of similar rocks, forming a natural barrier to the
kingdom of Travancore, extends southward to the sea. It is.to be re-
marked however, that the junction of the two great lateral ranges, (viz.
the Malabar and Coromandel,) seems to take place at the Nilgherry hills,
which rising into the loftiest summits of the peninsula, form the southern

boundary

- « have never observed any animal or .vegetable exuvia contained in it, but T have heard that such
¢« have-been found immersed in its substance. As it is:usually cut into the form of bricks for build-
« ing, in several of the native dialects, it is called the brick-stone (Itica Culla). - Where, however,
“ by the washing away of the soil, part of it has been exposed to the air, and has hardened into a
% rock, its colour becomes black, and its pores and inequalities give it a kind of resemblance to the
« gkin of a.person affected with cutaneous disorders ; hence, in the Tamul language, it is called Shuri
« Cull, or itch-stone. The most proper English name would be Laterite, from Lateritis, the appel-
« lation that may be given to it in Science.” It is observed also on the shores of Sumatra and the
Straits of Malacca, reposing on granitic rocks, particularly at Malacca, where that formation extends
many miles inland, corresponding, in all respects, with that of the Malabar Coast.

C
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boundary of the great table-land and tlie northern barrier of the rémark-
able valley of Koimbatur, from the opposite side of which proceeds the
continudtion of the mountain ehains in one central range to the southern
extremity, as already described. The whole of this western chain, and
the narrow coast which lines its base, is remarkable for the absence of
rivers and vallies of denudation, and, consequently, of alluvial plains or
deposits of any extent. The precipitous sides of the mountains rising in
gome places, (to the south of Goa,) almost from the sea, are, nevertheless,
covered in general by forests of the tallest trees and impenetrable jun-
gles, which admit of gaining but a vague and scanty knowledge either
of their geological features, or the mineral treasures with which they may
abound. ' '

The Island of Ceylon presents so much the appearance of having
once formed part of the Continent of India, and there is such a striking
similarity in the nature of its principal rocks (which are chiefly primitive,)
to those of the mainland immediately opposite to it, that some notice of
its geological structure should net here be omitted, of which Dr. Davy’s
valuable work affords the following inteéresting and scientific description.

¢« In Ceylon, nothing is te be observed of that order of succession of
rocks that occurs in Saxony and England, and many other parts of
Europe. Uniformity of formation is thé most remarkable feature in the
geological structure of the Island ; the whole of Ceylon, with few excep-
tions, consists of primitive reck unconnected with any other class of rocks,
exclusive of those of very recent formation. Another remarkable geolo-
gical circumstance is, that though the varieties of primitive rock are ex-
tremely numerous, almost infinite, yet the species are very few and sel-
dom well defined.

“ The
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“ The most prevailing species is grusite or gneiss, the more limited
ate quartz rock, hornblende rock, and dolomite rock, and a few others which
may be considered under the head of embedded minerals.

“ The varieties of granite and gneiss are innumerable, passing often
Arom one into another, and assuming appearances for which, in small
masses, it would be difficult to find out appropriate names, depending on
composition and the proportions of the elements—or additipn of new
ingredients ; regular gramite is not common, graphic granite still rarer, it
occurs at Trincomalee—neither is sienite common, it occurs in the Can-
dyan provinces. Well formed gnetss is mare abundant than grunite, it
frequently consists of white felspar and guartz in a finely crystalyzed
state, with lJayers of black mica, containing numerous crystals of light
coloured garnets. A similar rock is found on the opposite Continent, in
the mountains at Cotallum, and affords one amongst other ¢vidences of 8
conformity, if not indentity, in geological character. Both the granite and
gneiss of Ceylon, are much modified by an excess or deficiency of one or
other of the ingredients. When guariz abounds in a fine granular state,
the rock looks like sand-stoxe. When felspar or adularia abound, it ac-
quires a new external character. This variety is common, and in some
places it contains so much of these minerals that it may be called adularea,
or felspar rock. When meca prevails in gneiss, (which is rare) it acquires
not only the appearance, but very much the structure of mica siate.

The more limited varieties of primitive rocks, as gwariz, hornblende,
and dolomite rock, seldom oceur in the form of mountain masses. The
rocks of recent foermation are Aims-stone and sand-stone. The former iscon-
fined to the northern shere of the Island, where it appears to be still form-
ing in the coral shallows of the adjoining sea. The other, (sand-stone) a

rock of pretty general occurrence along the shore of the Island, which it
v may
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may be said to surround by an interrupted chain chiefly between high
and low water mark.” The further detailed ‘description of these rocks
given by this scientific observer, and his account of the rich variety of
beautiful minerals abounding in that Island, will be found highly interest-
ing and instructive. ' ' '

Proceeding on to the eastern side of the peninsular, and northward,
along the foot of the mountains, we observe a country differing very con-
siderably from the Malabar coast in appearance and geological charaec-
ter. The plains of the Coromandel coast form rather a broad though
unequal belt of land between the mountains and the sea, exhibiting the
alluvial deposits of all the rivers and streams that descend from the
southern portion of the table land. The mountain chain that forms the
eastern boundary of the peninsula, begins to diverge eastward where its
continuity is interrupted by the valley of Koimbatur (already mentioned)
Prom thence it breaks into a succession of parallel ranges, inferior in
elevation and in unbroken continuity to the western chain; and in the
further progress northward, after branching off ‘into subordinate hilly
ranges, occupying a wide tract of unexplored country, and affording vallies
for the passage of the great rivers, that drain nearly all the waters of the
peninsula into the Bay of Bengal, 'this eastern range may be said to ter-
minate at the same latitude as that of the commencement of the western.
Granitic Tocks, (principally sienite,) seem to form the basis of the whole
of these eastern ranges, appearing at most of the accessible summits, .
from Cape Comorin to Hyderabad.  Resting on the granite, gneiss, and
mica-slate, that form the sides and base of the mountains, are sometimes
seen clay-slate, hornblende-slate, flinty-slate, chlorite -and talc-slate, and
primitive or crystaline lime-stone, affording, in ‘some places, marbles
of various.colours, as in the district of 7Zinmivelly, near Cotallum, where
granite is ‘observed rising above the surface, in' remarkable globular

or
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or concentric Jamellar concretions, and in apparently stratified masses,
forming low detached hills, the strata of which dip at an angle of about
45° to the S. W.*  Partial deposits, of the overlying rocks exist in this
district, and of the black cotton soil, supposed to be produced by the de-
composition of ¢rap rocks. In the neighbourhood of Pondicherry, there
are beds of compact shelly léme-stone, and some remarkable siliceous petri--
factions, chiefly of the tamarind-tree, which have never been well described.
The bed of the Caveri, or rather the alluvial deposits in the vicinity of
T'richinopoly, produce a variety of gems corresponding to those of Ceylon :
in general, however, the surface of the level country, as far north as the
Pennar river, seems to consist of the debris of granitic rocks, and
plains of marine sand, probably left by the retreat of the sea, with
occasional alluvial deposits, and partial beds of iron-clay, and detach-
ed masses of other rocks of the overlying class. In approaching the
Pennar river, the iron-clay formation expands over a larger surface; and
clay-slate and sand-stone begin to appear. In the hills behind Nellore,
are found specimens of a very rich copper ore, yielding from fifty to sixty
per cent. of pure metal, according to Dr. HEYNE, besides argentiferous

galena.
It

* These appearances, hitherto considered foreign to the nature or aspect of granite rocks in
othegyparts of the globe, might be deemed questionable here, did they not coincide with similar
appearances throughout the peninsula, and remarkably so with those of the Ceylon granites as thus
described by Dr. Davy. ¢ In structure, the granitic varieties most commonly exhibit an appearance
« of stratification. It is not easy to decide with certainty whether this appearance is to be attri-
“ buted to the mass being composed of strata, or of large lamine or layers. I must confess I am
“ more disposed to adopt the latter notion. I have found some great masses of rock decidedly of
‘¢ this structure ;—masses almost insulated, quite bare, several hundred feet high, in which the
“ same layer might be observed spreading over the rock, like the coat of an onion ;—and which, if
“ only partially exposed, might be considered a strong instance of stratification ;—and, if examined
“ in different places, on the top and at each side, might be considered an extraordinary instance of
“ the dip of the strata in opposite directions. With this hypothesis of the structure of the rocks,
« the appearance of stratification in all the granitic varieties may be easily reconciled.”

D
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It is to the observations of Drs. HEyNE and Vovsey, that we owe all
the information we yet possess of the:vallies of the Pennar, the Krishna,
‘and the Godavert rivers. This interesting tract of country is not more re-
markable as the ancient source of the most valuable productions of the
mineral kingdom, being the repository of the Golconda diamonds ;—than
for the extraordinary geological features which it presents. The Nella
Malle range. of mountains, -in which the diamond - breccia is found, is
described by Dr. Vovsey, as exhibiting a geological structure, that can-
not easily be explained by either the Huttonian or Wernerian theories,
the different rocks being so intermixed with regard to order of posi-
tion, each in its turn being uppermost, that it is difficult to give a
name to the formation that will apply in all places: the clay-slate forma--
tion is the namehe has adopted, under which are included clay-slaté, every
variety of slaty Ulime-stone, sand-stome, breccia, flinty-slate, horn-stone-
slate and a tufaceous lime-stone, containing, embedded in it- fragments,
(rounded and angular) of all these rocks—all passing into each other by
such insensible gradations, as well as by abrupt transitions, as to defy
arrangement, and render description useless. It is bounded by granite,
which passes under it, and forms its base, some elevated points, such as
Naggery Nose, having only their upper third composed of sand-stone and
quartz, while the basis is generally granite or sienile.

The rocks above enumerated, with beds of compact lime-stone, res@im-
bling lias, of various colours, and the addition of the iron-clay and dasaltic
rocks, occupy extensive portions of the valleys of the Krishna and Goda-
vert, covered in some places by the black trap soil; a sienitic granite how-
ever, composed of hornblende, and sometimes mica, with quartz, felspar, and
garnets, interspersed, forms the basis of the ranges that separate these’
rivers. From Condapilli northward, the granite is often penetrated, and
apparently heaved up by injected veins or masses of trap and dykes of

green-stone.,
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green-'étone. We hope soon to be enabled to lay before the Sociéty; a de-
tailed description of these formations, accompanied by sections of the
strata between Madras and Hyderabad. The waters of the Krishna and
Godaveri expand as they approach the sea, dividing into numerous
branches, and depesiting their alluvial contents during inundations over
the low level tract that separates them : these deposits consist, according
to Dr. HEYNE, of a black earth, resting on indurated marl, and composed
partly of the debris of trap rocks, but chiefly of decayed vegetable matter,
yielded by the extensive forests through which these rivers flow. Here
may be noticed a characteristic difference that marks the alluvial deposits
of the principal river of the south—the Caveri. This river, flowing in a
long course through the Mysore country, over an extensive and generally
barren surface of granitic rocks, with scarcely any woods or jungle on ity
. banks, seems to bring down little or no vegetable alluvium; but a rich
clay, produced by the felspar, which predominates in the granites of
the south, intermixed with decomposed calcareous conglomerate, render-
ing the plains of Tanjore the most fertile portion of the south of India.

Passing on to Vizagapatam and Ganjahz, granitic rocks, chiefly syenite
and gneiss, predominate, and are occasionally covered by laterite. The
granite of Vizagapatam assumes a new and singular appéara.nce, being:
small-grained; and intermixed with amorphous garnets, in rounded grains,
or specks. This peculiar rock passes into’ the Province of Cuttack.
The only information we possess regarding that interesting district,
is derived from Mr. STirRLING'S valuable paper in the last volume of
the Asiatic Researches. Rocks of the granitic class form the basis and
principal elevations of this district; some of them are remarkable for
their resemblance to sand-stone, and abounding in imperfectly formed
garnets, disseminated throughout, with veins of steatite. Here some traces.
of coal have recently been discovered, which is likely to be produc-:
tive, and gold is found in the sands of the Mahanadi, brought down:

' probably
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probably from the valley of Sambhalpur. We next trace the laterite, as
the overlying rock, through the district of Medinipur, and thence con-
tinuing northward by Biskenpur and Bancora to Birbhim, reposing
sometimes on sand-stone, but more frequently on granite or gneiss. At
Bancora, the calcareous concretion called Kankar, begins to cover the
surface of the granitic and sienste rocks, which rise above the surface to
considerable elevations in that district.

Thence we pass on to the great coal field that occupies both sides
of the river Damoda. The boundaries of this formation have not yet
been accurately ascertained: to the southward we trace its associating
rocks (‘sand-stone and shales) to within a few miles of Raghunébthpur, re-
posing on granite and sienite—ahout forty miles north by east; from that-
place we come to the first colliery ever opened in India. The late Mr.
JoNEs, an enterprising miner, had the merit of commencing these works
in 1815, at a place called Rdni Ganj, on the left bank of the Damoda.
Mr. Jones describes this as the N. W. coal district of Bengal : he states
that he observed the line of bearing for sixty-five miles in one direction, its
breadth towards Bancora, (on the S. W. side) being not more than eleven
or twelve miles from the river ; and he conjectures that the same coal
formation crossing the valley of the Ganges; near Catwa, unites with that
of Sylhet and Cackar, which he denominates the N. E. coal district, and
from which abundant specimens of coal have been produced. An accu-
rate survey of this extensive and valuable deposit seems to be called for,
by obvious considerations of the most important public advantage.

The principal rocks that compose this formation are varieties of
sand-stone, slate-clay, and shales, with occasional dykes and veins of trap
and green-stone; the shale immediately covering the coal, abounds with
vegetable impressions, and some animal organic remains ; amongst these,

Dr.
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Dr. Vovsey distinguished a phytolithus, a calamite, a lycopodium, and one
specimen of a gigantic species of patella. The shale passes into slate-clay,
above which succeeds a gritty, micaceous, brownish-grey, sand-stone, here
and there becoming indurated @nd slaty—this forms the surface rock all
over the coal district, rising into low round - topt hills and undulated
grounds. In the coal pits (three in number,) which have only yet been
sunk to a depth of about ninety feet, seven seams of coal have been met
with, one of which exceeds nine feet in thickness : ‘the quality of the coal
(whith is nowconsumed largely in and about Calcutta,) somewhat resem-
bles thd Swhkderland coal, but leaves a larger proportion of cinders and
ashu S T ' .

A tegwdieoe 0 o . ) : oA

A erdeedmg northward and westward, from Bancora, and the Da-
mbda xiver, the road to Benares passes over granitic rocks, of which the
ranges of hills on the left, and the whole country, as far as the Sone and
round by Shkirghdti and Gaya, is probably composed. ‘On approaching the
Sone river, and crossing the hills behind Sasseram, sand-stone begins to
appear, and continues to be the surface rock, with probably only one con-
siderable interval, all the way to Agra, forming, as before noticed, the
southern barrier of the valley of the Ganges and Jumna ; that tnterval oc-
curs in the low lands of Bundelkhand, where the remarkable isolated hills,
forming ridges, running S. W. and N. E. are all granitic, the high lands
being covered with sand-stone. This brings us back to the rocky plains of
Upper Hindustan, and to the last of the three principal mountain ranges
first alluded to. The Vindhya Zone, crossing the Continent, from east to
west, may be said to unite the northern extremities of the two great ranges
;xlready described, which terminate nearly in the same parallel of latiyudé,
forming, as it were, the base of the triangle that elevates the table land
of the peninsula. This great chain, yielding little in classical character

to the Himdlaya, intersects the heart of the country, and is distinctly
' E o traceable,
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traceable, even in our very imperfect maps, running about 8. 75° W. from
the pointcalled the Ramgerh hills, towards Guzerat : this range has numer-
ousdivisions and a multitude of names, almost every district giving a change
of denomination, but to the eye of a Geologist who considers things on an
extended scale, there is a parallelism in the disjointed parts, and a general
connection and dependance on the central range ; the substrata prove this
fact, for in every case they preserve that parallelism. The great surface
formations of central India and the Dekhin, are the granitic, (including
always gneiss and sienite) the sand-stone, and the overlying rocks ; the latter
exceeding in their extent those of any other country. The basaltic trap
formation extends northward all over Malwa and Ségar, and eastward
towards Sohagpur and Amerakantak ;* thence proceeding southward by
Nagpur, it sweeps the western confines of Hyderabad, nearly to the
fifteenth parallel of latitude, and bending to the N. W. connects with the
sea near Fort Victoria, as already noticed, coniposing the shores of the
 Concan northward, all the way to the mouth of the Nerbadda, covering an
area of upwards of 200,000 square miles. It overlies sand-stone in the dis-
trict of Ségar, and hence may be inferred, that a portion of it at least is
‘posterior to sand-stone: it possesses the common property of trap rocks in
general, viz. that of changing the nature of every other rock which comes:
in contact with it; and in the district of Ségar, it is always associated
with an earthy Zlime-stone, which seems to have undergone great change,
strongly indicating the agency of heat. - According to Captain FrRANKLIN,
the sand-stone deposits are very regular both in their deposition and
geological character, and cannot well be mistaken; their general pa-
rallelism to the horizon, and their saliferous nature, appear to him te
identify them with the new red sand-stone of England, whilst the red marle,
| and

~ * Itis expected, that the limits of this eastern deposit of ¢rap will soon be more acurately
determined by Captain FRANKLIN.
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and its superincumbent variegated ‘or mottled variety, (called by Werner
bunter-sand-stein,) together with the deposits of Zas lime-stone, place the
matter almost beyond a doubt. In using the term new red sand-stone, how-
ever, it must be understc')od, as'itis in England, to comprise all that series
of beds which intervenes between the lias kime-stone and the coal measures ;
admitting which, he conceives that the water-falls of Bundelkhand, which
occur in the lowest steps of the Vindhya range, will afford a series of for-
mations corresponding perfectly with those of England; and to that
school, therefore, our attention should be directed, in order to arrive at
satisfactory conclusions regarding it.

On the western side of India it is, as we have seen, covered by over .
lying rocks, as at Ségar: it appears, however, flanking the large primitive
branch which rums to Udaypur, on the side of Guzerat ; and to the north
it sweeps into the desert to an unknown extent. A paper of Mr. Fraser’s,
in the London Geological Transactions, proves this fact, even if we had
not the more substantial evidence of rock-salt, which is there preduced in
abundance.

The next of the great surface rocks of central India, is large-grained
granite, frequently passing into gneiss, generally composed of quartz, flesk-
coloured Jelspar, a little brown or black mica and korxblende; it varies, how-
ever, in ‘appearance, and also in the proportion of its constituents ; but,
generally speaking, it contains large crystals of felspar, and is, consequent-
ly, much subject to decomposition; Captain FrankriN has specimens
shewing its unequivocal passage into green-stone, and, in some instances,
it resembles green-stone porphyry, as in a small water course at the foot of
the Bairamganj Ghat, in Bundelkhand : it sometimes also, he observes,
resembles ewphotide, and, in many cases, it would be difficult to -decide
whether it be granite or sienite; this circumstance renders it desirable that

it
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it should receive further examination: itextends all over the southern part
of the peninsula, after the ¢trap and sand-stone disappear, and it lies so
near the surface that it is constantly protruding through the superior
strata all over India, all the valleys of denudation bring it to light, and
the plains of Bundelkhand are entirely composed of it; the veins of quartz
rock, with which it is constantly associated, forming, in general, the spine
of the hills.

The vallies of denudation are almost the only places where the pri-
" mitive stratified rocks can be observed with advantage, and even there it
is rare to obtain a good section of them; it is not because they do mot
exist in India, as in other countries, it is because they are, for the most .
part, buried beneath a mass of superincumbent trap ; still however, there
are occasional spots where they are found in situ, as in the Udaypur
branch of the primitive chain, the small primitive ramification on the
vei-ge of the trap near Jabalpur, and many other places not necessary
to mention ; but the vallies of denudation sometimes exhibit a series, as in
the bed of the Nerbudda river, at Beragerh, near Garrah, and it is there
chiefly that these rocks can be studied advantageously.

With regard to the rocks of more recent formation than sand-sione,
Indiais peculiarly barren ; but this circumstance, above all others, renders
its geology interesting—if it be in reality so, whence does such a remark-
able distinction proceed? the reply may comprehend a solution of the
most important phenomena of the science. '

The lias formation is as yet known only from Captain FRANKLIN’S
researches; he has found it in Bundelkhand in situ, reposing on red marle,
or new red sand-stome ; its general geological character appears to cor-
respond with the same formation in England, and its light-coloured or

most
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most compact varieties have been found to answer some useful purposes
of lithography, although none has yet been discovered equal to the true
lithographic stone of Europe. Neither oolites nor chalk, have yet been
discovered by Captain FrRANKLIN, although he has traversed not only the
range of hills, at the foot of which the Zias is found, but the whole adjoin-
ing country, and the absence of these rocks in the tract that has fallen
under his examination, forms, in his opinion, a remarkable peculiarity.
This, therefore, is one of our great objects of research, viz. to ascertain
whether in all other parts of India, the oolitic and later regular forma--
tions are thus wanting, nor should the concretionary rocks be excluded
from this enquiry ; of these the most remarkable is that singular calcare-:
eus deposit called, in the Bengal provinces, kankar, and known by other
names in the south of India. It appears in a variety of forms and in
different relative positions in different places. Sometimes in nodules,
globular concretions, or rolled masses, scattered over the surface of valleys
and rocky plains ; at other times in horizontal beds and layers, at various
depths in the alluvial deposits of the rivers and plains of Hindustan; Its
prevalence is very extensive, although less abundant in the southern quar-
ter of the peninsula ; neither has it yetbeen observed on the Malabar Coast,*
and in Bengal it appears to be bounded to the eastward by the Gandak
river. From its peculiar appearance in some places it has been considered
as cglc tuff, and by some mineralogists would, perhaps, be classed under that
denomination. Common kankar, on analysis, is found to contain the ele--
ments of oolite and chalk. May not this concretionary formation therefore,
which seems peculiar to India, be the ruins of what, under different circum-

stances, might have become regular oolitic strata? Captain FRANKLIN
observes,

» Tt should be remarked, that the prevailing Laterite of that coast is charac‘terised by a propor-
tion of Calcareous matter in its composition.

F
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observes, that these irregular beds of kankar, which are found following
every water course, and forming its banks, have often the appearance of
having been deposited under circumstances peculiarly unfavourable to
regularity ; and it may be asked, to what agency but that of running and
turbulent water can such appearances be satisfactorily ascribed ?

The absence of those zegular formations which are known to exist
in other countries is, however, a geological question of the first import-
ance that must not be hastily taken up or hypothetically assumed, and
nothing but reiterated and satisfactory proof of their non-existence ought
to be considered admissible. A careful discrimination is also necessary,
so as not to confound with ckalk, the numerous steatitic deposits which are
known to exist, and are used in India as substitutes for it ; the oolites in-
deed cannot well be mistaken, because their peculiarity of structure
readily points them out ; but the most important of all distinctions are,
geological position and association, without attention to which all observa-
tions will necessarily lose much of their value as useful facts.

With regard to organic remains, (the most interesting of all the
branches of geological science,) it is to be feared that India is not likely
to prove a productive field. The coal strata, when public spirit and
enterprise shall excavate them, will, probably, afford other varieties of im-
pressions of vegetables and fishes, besides those already mentioned, and
the lias lime-stone may contain specimens of the sauri tribe; but hitherto,
the most striking pheenomenon in Indian geology is the almost total
absence of organic remains in the stratified rocks and in the diluvial soil.
Sharks’-teeth and palates, are found in the diluvian banks of the Ganges. In
the lime-stones and alluvial deposits of Sylket and Cachar, the interesting
researches of Mr. Scorr, have discovered nummulites and other shells,
which appeared to Dr. VoysEeY to be diluvian, or even of modern existence,

live
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live shells of exact resemblance to them being found in the vicinity,
with the exception of nummulites. Silicified-wood has been found in.the

‘diluvium of Caleutta and Jebbelpur ; but bones of animals have never yet,

we believe, been discovered either in diluvium or in stratified rocks. In
this branch however, the extensive deposits of fossil bones recently dis-
covered in Ava, apparently antediluvian, and perhaps the yet unexplored
caverns in the lime-stone strata of Sylhet, Cackar, and Asam, promise a
field for future successful research. Of the alluvial delta of Bengal,
the bed of the Glanges, and the country to the eastward of it, we are at
present unable to add anything of importance to the information given
by Dr. Apam, Mr. ScorT, and Mr. BENsoN, in their interesting commu-
nications already published, nor do we possess as yet sufficiently con-
nected materials for giving even a superficial view of the geological out-
lines of the countries to the north-west, but we may look to some zealous
explorers now actively employed, for an early extension of our geological
knowledge in that direction.* The Bombay Literary Society will, no
doubt, be able to collect much interesting information from that quarter,
especially as it is understood that the coal field long since discovered in
Cutch, by the late Captain McMurpo, is now likely to be worked.
I have said nothing about the lead mines of Ajmer, nor of the ores of that
and other metals that have been discovered and worked, in former times,
in various parts of India, particularly the extensive and important class
of iron ores, which abound almost every where, and in greater variety

than, perhaps, is to be found in any other country.t
From

* Specimens said to be from the Province of Cutch, have been seen by Dr. Harpig, which
lead him to expect that we shall, in all probability, discover, in that quarter, some of the newer class
of rocks posterior to the fias, which are in so remarkable a degree wanting in other quarters of India.

+ Captain FRANKLIN has been engaged in examining the iron ores of the valley of the Ner-
mada, and Captains CouLTHARD and Dicksow, in the districts of Sagar and Ajmer, have fur-
nished interesting communications, which will appear in our Researches.



‘20 ' ) GENERAL OBSERVATIONS ON THE

" From the above desulfory observations, it would appear, that the
Geology of India is far less complex, than that of most other countries,
of the Geology of which any thing is known. It is said* that, in-
stead of twenty different formations, as in England, there are in
India only four, viz. The granitic, the sand-stone and clay-slate, the
trap, and the diluvial; with their respective subordinate rocks, each
of which formations possesses characteristics in common, that strong- |
ly mark their cotemporariety. This conclusion, however, requires some
modification. We have the primary series, both stratified and unstratifi-
ed, in complete succession. We have the transition class—the carbonifer+
ous order, and also the secordary class—nor does there appeér to be any
thing anomalous, until we ascend in the series to the overlying rocks of
the ¢rap family ; these rocks, as has been shewn in another part of this
paper, form the most striking feature of our Geology, and as some of
them at least are proved to be of a later epoch than secondary sand-stone,
it is apparently to the period of their formation (whatever may be their
origin,) that we must refer the commencement of anomalous appear-
ances.

In this view of the Geology of India, therefore, our safest plan will
be to confine ourselves as much as possible, within simple rules, and to
such terms of nomenclature as may least embarrass the subject. The best
writers in the Transactions of the Geological Society of London, seem to
have very generally adopted the synoptical arrangement, which is given
in the introduction to Conybeare, and Phillips’s Outlines of the Geology
of England and Wales ; and it is to be liresumed that they have done so
after due consideration. The English Geologists have certainly shewn,

that

* By the late Dr. Voysey in a letter to Dr. Abel.
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that they are less inclined to theorise than those of other countries: in-
deed, the series of their rocks is so complete, that they have not needed
it: their labours have consisted in the accumulation of facts, and the
scene of their operations being so confined, compared with the extensive
field in other countries, they have been able to visit almost every forma-
tion with minute investigation This we have no present hope of being
able to accomplish in India; but we may, nevertheless, follow their exam-
ple in the simplicity of our arrangement, and in the precision of our no-
menclature ; and it would seem that our adoption of the synoptical arrange-
ment above mentioned, as far as practicable, by leading to an uniformity
in our pursuits, and, what is still more important, to an identification of
our principal Geological Strata with those of Europe, will preserve us
from many errors: it will, besides, prove advantageous in rendering our
descriptions more intelligible to all persons in England, who may be in-
terested in the Geology of India.

NOTE.

The occurrence of basaltic veins, traversing the gramitic rocks of Central and
Southern India, is not unfrequent, and has been particularly noticed by Dr. Vovsey.

fn travelling from Madras to Mangalore, many years ago, I observed one of those
veins possessing peculiarities that may render its description somewhat interesting to the
Geologist. It occurs in the rocky bed of a small detached branch of the river Caveri—
at a spot distant about two miles west from the fort and island of Seringapatam ; here the
prevailing rock is sSIENITIC GRANITE, Which, on the left bank, rises in nearly a perpendi-
cular face to about fifteen or twenty feet above the stream. In this rock, there is a vertical
dyke, or vein of compact basaltic trap, ten or twelve feet broad, and of uniform thickness
(its sides being parallel) from top to bottom—a small vein of black scaly hornblende, about
two inches in thickness, traverses the sienitic rock, obliquely, and it is-distinctly perceptible
that this vein has been disrupted by the wAyn dyke, for, in the midst of the basaltic vein, there
G are
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are fragments of the sienitic rock ; some of them from one to two feet in diameter, which
contain portions of the hornblende vein, so perfect and entire as to indicate the precise spot-
from which they must have come; and it is particularly remarkable, that all these fragments
appear to have been carried upwards, considerably above the leval of the kornblende vein
which, with its containing rock, is obviously of anterior origin to the {rap vein—a fact
that is also indicated by the superior induration and partially scorched appearance of the

sienite along its line of contact with the basalt.

The following sketch represents the appearances here described :—

A—The main rock of the bed and bank of the river, sienitic granite.

B—The bdasaltic vein.

C—The kornblende vein.

D—The bed of the river.

a. b. c. d.—Fragments of the main rock, containing portions of the kornblende veix;
evidently forced upwards. .

e. e—Other fragments of the main rock, without the kornblende vein.
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BUNDELKHAND, BOGHELKHAND,

AND THE

DISTRICTS OF SAGAR AND JEBELPUR.

By CAPTAIN JAMES FRANKLIN,

First Bengal Cavalry, M. A. S.

(READ FEBRUARY ]1, 1828.)

Havine lately had an opportunity of examining the Geelogical fea-
tares of a pertion of the provinces of Bundelkhand and Boghelkhand, and
also of the districts of Sdgar and Jebelpur, 1 have great pleasuse in sub-
mitting the result of my observations to the Asiatic Society, and I beg
to offer to their notice, the lime-stone formation, which is found on the
summit of the second range of hills, as it appears to correspond with the
lias lime-stone of England, and I am not aware, that this formation has

heretofore been shewn to exist in India.

The tract of country teo be ‘heve described, is a portion of the ner-

thern steps of the Vindhya mountains; fer, although the ranges of hills
' have
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have separate names, such as Binddchal, Bandair, Kymur, &c. which
serve for local distinction, yet viewing them as Geological portions, they
must necessarily merge in the common denomination of that great zone
of which they are component parts.

I commenced my route at Mirzapur, a place of considerable traffic .
on the river Ganges, and ascended the first range of hills\at the pass of
Tiéra. The tract between these two places is not interesting in a
Geological point of view, being covered with alluvium, which either re-
poses upon beds of kankar, or is intimately intermixed therewith, and
near the hills, the kankar is found by the excavation of wellé, to repose
on sand-stone.

The first range of hills is composed entirely of sand-stone, horizon-
tally stratified, consisting of fine grains of quartz, cemented by clay, and
coloured more or less by the red oxide of iron ; it is occasionally compact,
but its general character is rather friable, than compact, and it sometimes
contains galls of clay: it is also saliferous, as is evident from the plains
below being saturated with salt, and also from the salt works, on the
banks of the ZTons river; in many parts, it has sufficient cohesion for ar-
chitecture, and is quarried near to the Zdra pass for that purpose: con-
necting these circumstances, therefore, and a comparison of it, with
specimens of the same rock from England—it appeared to me to corres-
pond with the new red sand-stone.

From the crest of the 7'ra pass, to the foot of the second range of
hills near Kattra, the whole tract is a platform, varying only from a per-
fect level, by occasional protrusions of the rock, which form small collines,
and sometimeshills; this platform increases in elevation towards the south-
west; in the part where I passed, except immediately on the crest of the hills,

' common



OF BUNDELKHAND, &c. 25

conmimon kankar is very prevalent, either intermixed with the alluvium,
or in beds, as in the channel, and on the banks of the Bailan nadi at
Baronda, where it appears to be indistinctly stratified—and contains
fragments of sand-stone : this part of the range is not rich either in mine-
rals or metals ; but another portion of it, near Pannak, is remarkable for
containing diamonds, and still further west, are the extensive iron mines
of Katola. '

I ascended the second range of hills at the pass of Katira, and found
near the top of it a stratum of red and dluish green slaty marle interstra-
tified with sand-stone, in thin lamine, and surmounted at the top by va-
riegated sand-stone; these beds resembled the red marle of England, and
in furtherance of the conjecture that they may be so identified—I will
add that salt is manufactured in the village of Kattra. The slaty marle
rested upon massive beds horizontally stratified, resembling, as far as I
can judge from description, Dr. MaccuLLocH’s lowest sand-stone, 2d Div.
F. the upper part of which was schistose, containing a little mica and
tinged slightly green, but the lower part was massive, and coloured by
the brown oxide of irom.

The summit of the second range is a platform, like the former, vary-
ing only from a perfect level by the same description of undulation which
I have described above; like the former also it increases in elevation to-
wards the south-west, and in order to examine its composition, I visited
all the water-falls between the Kattra pass, and the Z'ons river.

The first of these cataracts is near the village of Biloki, about twelve
miles west of the pass of Kattra, the fall of water is three hundred and
ninety-eight feet, and the escarpment is nearly perpendicular, the lowest

bed is a thin stratum of fine argillaceous sand-stone tinged deeply by
H the
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the red oxide of iron and containing mica disseminated in small particles ;
upon it reposed a bed of siliceous sand-stome, tinged green, and inter-
calated with slate clay, or shale, of the same .colour; these beds were
compact and hard, but upon them wasa thick  stratum of variegated
sand-stone, having an argillaceous cement, which. continued to the sur-
face. '

From the cataract of Biloki, 1 proéeeded to that of Bouti, ten miles
further west; this waterfall is exceedingly picturesque, not so much from
the fall of water, which is four hundred feet, as from the extent of the
cirque ; the lowest rock is greenish white arenaceous sand-stone, not quite
so compact as that of Biloki, though, perhaps, it may be a continuation
of the same, and upon it, (commencing at the depth of three hundred feet
below the surface), is'a variegated or mottled stratum, then follows alilac
red, or purplish stratum, which becomes more and more light coloured,
so as to approach salmon colour, before it reaches the surface.

The enormous masses of kankar which have been rolled down by
torrents into this chasm, are very remarkable; the surrounding fragments
of sand-stone, are all worn, or their edges rounded by the attrition of water ;
but these masses remain-unaffected, and continue to defy both the force
of the stream, and the ravages of time.

From Bouti, I proceeded to Keuti, twenty-four miles further west;
~ here the fall of water is two hundred and seventy-two feet, and the depth
of the escarpment three hundred and twenty feet: the lowest stratum of
rock is the variegated or mottled sard-stone mentioned above, and upon
it reposes the lilac red, or purplish stratum, which last, commencing at
the depth of two hundred and fifty feet, continues to the surface, varying
only in consolidation, and becoming lighter in colour.

From
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From Keuti, I proceeded to the cataract of Chachai, where the fall of
water is three hundred and sixty-two feet; but here is no other rock than
the lilac red, or purplish stratum, which varies as at Bouti and Keut:,
both in colour and consolidation as it approaches the surface.

From Chachai to the cataract of the Zons river, is a short distance;
the volume of water is greater than in the other cataracts, but the fall is
less, being only two hundred feet, and the rock resembles that of Chachai
so exactly, that it needs no further description.

These cataracts, though-there is nothing stupendous about “them,’
have still enough of .interest to recommend them . to the notice of travel-
lers, and they have the advantage of being easily approached; they are
sufficiently magnificent to occasion a slight impression of awe mingled
with pleasure, at first sight, and this feeling is perhaps enhanced,
by coming on the brink of the precipice almost unawares ; they are
also very picturesque, and deserve the talents and skill of an able artist.*

In a geological point of view, they are more interesting, for, from
their composition, it is evident, that the whole range of hills in which
they are situated, is a mass of sand-stone, they shew also, that there is a
valley in the subjacent strata in this part, by exhibiting distinctly the
plane of inclination of the variegated stratum, which being uppermost at
Bilohi, central at Bouti, lowest at Keuti, and disappearing below the
surface at Chachai, plainly denotes a subsidence, the axis of which is,
perhaps, somewhere about the Z'ons river, and this appears to be the
thickest part of the formation.

From the cataract of the 7Zons river, I proceeded via Simmertya, Bir-
sinkpur, Hat,hi, Sohawel, and Nagound, to Lohargong, and met with no
other
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other rock than sand-stone, sometimes ferruginous, sometimes slaty, and
sometimes containing mica, until I arrived at Hat,ki, where it changed
to argillaceous lias lime-stone.

At Birsinhpur, in the bed of the small river which runs near the
town, is a stratum of red marle or sand-stone, containing lamine of cale-
spar, distinctly interstratified ; at Sohawel, red marle underlies the lime-stone
above-mentioned ; at Nagound, in the bed of the Omeron river, its lower
and central beds are exposed to view, containing fragments of fossil wood,
also fragments of stems of ferns, and one piece exhibited, what I took
for an impression of the gryphite shell, which is peculiar to this formation ;
at Marhar, near the tank of the old village, it reposes on red marle, in con-
formable stratification; and at Lokargong, the wells of the cantonments .
exhibit its upper or slaty beds, reposing upon smoky grey lime-store.

From Lokargong, 1 proceeded, via Mehewa, Ghysabad, Hattah, Nar-
sinhgerk, and Patteriya, to Sdgar.

The first part of the route, was over an alternating succession of lime-
stone lowlands, and sand-stone collines, which continued as far as the Kén
river, the bed of which is red marle and stand-stone; afterwards, the same
alternation occurred to Hattah, where the lime-stonereposes on red marle,in
the banks of the Sonar river, as it does also at Narsinkgerk, in a small
ravine north of the fort; but there the marle is almost entirely green. At
Patteriya, it comes in contact with ¢rap rocks, and is thereby changed both
inappearance and nature ; those portions which contained most silex, are
- converted into chert, and it is curious to see specimeuns, one half of which
is chert, and the other half still retaining the property of effervescing
with acids, .

The
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The general aspect of this lime-stone is dull and earthy; its stratifi-
cation is horizontal, or nearly so, and always conformable to the marle or
sand-stone on which it reposes ; its lower beds are thin, and separated by
argillaceous partings ; and some portions of it, particularly the white va-
riety, are sufficiently compact for Lithographic purposes: the middle beds
are usually of a dark smoky grey colour, always exhaling a strong argilla-
ceous odour when breathed upon, and sometimes containing fragments of
petrified wood, and of the stems of ferns, asmay be seen at Nagound; and
itis this variety which burns into strong lime, and has the property of hard-
ening under water: the yellow kind is generally compact, usually dendritic,
and if polished like the Cottam marble, might be used for ornamental archi-
tecture; its external surface frequently presents branches and prominences,
resembling (as Mr. GREENOUGH expresses it) the interlacings of ivy, and
in this state it might be used for rustic architecture.

This lime-stone appears to be thesame as the Zias lime-stone of England,
and the specimens I send herewith, shewing its ordinary varieties, will
enable the Society to judge how far my conclusions are well founded. It
extends all over the platform of the second range of hills, covering it with
a thin stratum, the continuity of which is only interrupted by occasional
protrusions of the red marle or sand-stone, on which it reposes, and as these
sand-stone collines are generally sterile, from want of soil to cover them,
the lias formation becomes an object in agriculture, because it occupies
the low lands, which retain moisture, and are covered with rich soil.

After passing the town of Pattariya, I came upon the overlyihg rocks,
which I designate by the genei'al term of ¢rap; the hills on the left of
the road are composed of those rocks, and after ascending the pass of
Patteririya, I met with no other rock than t¢rap, between it and Sdgar.

1 The
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The upper part of the trap of Sédgar, like that' of Patteriya, is fre-
quently globular, the nuclei of the decaying masses varying in size from
an egg, toa large bomb-shell ; and their decomposing concentric lamelle,
being generally very thin, and often very numerous ; the best specimens
are too heavy to send, but that which - accompanies this paper, will per-
haps serve to explain my description.

Under the stratum of globular trap which usually occupies the
highest part, is a bed of indurated wacken, or amorphc;us trap, of a
rusty brown colour ; sometimes scoriform, or of a small cavernous
structure, and sometimes columnar; but this last form I have only observ-
ed in the beds of streams, or on the borders of the formation; under the
amorphous trap is a stratum of lime-stone, white as chalk, which is observ-
able at Ségar, and in the hills near Pattariya.

I have termed this white rock earthy lime-stone, because 1 know  not
what other name to give it ; its principal component is carbonate of lime,
and next to that is alumine ; it also contains silex, and when it abounds, the
rock is converted into ckert: felspar does not seem ta be abundant, and
though the rock occasionally assumes the texture of indurated clay, and
sometimes, though very rarely, the hardness of clink-stone, yet, generally
speaking, it appears as if partially calcined, and when the trapwith which
it is associated reposes on sand-stone, as is the case in the district of Ségar,
it contains nodules of sand-stone imbeddedin it ; the accompanying speci-
mens exhibit its most ordinary changes above the surface ; but several wells
have been dug at Ségar, and its changes below the surface are sheWn in
a second series, sent herewith, one of which appears to be almost pure

alumine; a thin jaspery stratum sometimes intervenes between the wacken
and the lime-stone.

Below
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Below the Zime-stone at Sdgar, is a stratum of amygdaloid, containing
“calc-spar, and a few zeolites, which resembles the toad-stone of England ; it
there reposes on sand-stone, but I have not met with it in sitx in any other
part except some indistinct vestiges near Jysinknagar, nor can I state,
upon any authority, that the position here described, is applicable else-
where.

"From Saugor, 1 proceeded southward, via Jysinkanagar to Tendu-
kaira, and met with no other rock than trap (with abundance of chalce-
dony, semiopal, mealy zeolite, cacholong, agates, jaspers, and heliotrope
strewed upon it,) until T descended the range of hills which forms the

northern barrier of the valley of the Nermada river.

This great valley is favourable for throwing light on the primitive
rocks of the central chain, where the force of receding water appears to
have swept away the upper, and exposed to view the lower and older
strata ; many inferences may hereafter be drawn from a careful examina- -
tion of this valley, but it would be premature to hazard any conjecture at
present. I will, therefore, only observe, that the whole mass of overlying
rocks which I have just passed, reposes on red marle, or sand-stone, as is
apparent in the bed of the Barana river, about one mile north-east of Z'en-
dukaira, and all along the foot of the hills in that direction.

Its associate, the earthy lime-stone, here becomes a rock which general
ly appears half calcined ; but its property of effervescing with acids is not
destroyed, except in a few instances where it has become highly indurat-
ed; it fuses readily with a moderate heat, and operates as a flux when
mixed with clay ; and in this part, it almost always contains fragments of

sand-stone, which are more or less changed by its contact.

After
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After descending the hills; and advancing about .three miles into the
valley, a new field opens ; the older rocks are laid bare and exposed to
view, and instead of horizontal stratification, they become highly inclined,
sometimes perpendicular, and altogether unconformable to those which
I have just paésed; I shall not here mention the iron mines of Tendukaira,
because a satisfactory account of them would swell this paper too much;
but I will observe one circumstance which may, perhaps, be acceptable to
travellers—the conical hill, situated about one mile and a half westward of
Tendukaira, is an isolation of ¢rap, and its summit was once crowned with a
cluster of bdasaltic columns of a greyish green colour ; but some violent effort
of nature, such as an earthquake, has dislocated them, and they now, even
in their ruins, present an object worthy of the notice of a traveller.

From Tendukaira, I made a detour to Garka Kota, to meet the Agent
of the Governor General, and my route thither enabled me to lay down
the eastern boundary of the ¢rap formation ; a reference to the map, there-
fore, will best explain the result of this part of my route. I always found
the trap in association with earthy lime-stone, and the whole series repos-
ing upon red marle, or sand-stone.

From Garka Kota, 1 returned to Great Deori, and proceeded across
the Bandair hills to Jebelpur.

After quitting Deori, the rock was trap for about three miles, and
then commenced the sand-stone of the Bandair hills, which continued
uninterrupted, until I descended the eastern escarpment of those hills,
which again brought me into the valley of the Nermada river.

The sand-stone of the Bandair hills, is mottled (red, speckled with
white spots or streaks), its stratification is horizontal as far as the eye

can
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can judge, and it dppears to correspond with the bunter sand-stein of WEr-
NER, and, consequently, with the new red sand-store of England ; the same
hills are composed of the same sand-stone, opposite to Nagound, Lohar-
gaon, Tigra, and Ghysabad, and there can be no doubt that the whole is
a mass of the same kind of sand-stone, varying, perhaps, in appearance,
but not in character; and it would be interesting to examine whether
there are any traces of an oolitic formation on their summits.

After proceeding about three miles into the valley, I came upon the
ridge of the Kymur range of hills, which here begins to break, and soon
disappears below the surface; in this part it is composed of silicious grit-
stome, which evidently passes under the sandstone of the Bardair hills,
but to the south-west of this point,' near Hirapur, the rock becomes more
compact, and still further west, opposite Gdgri, it is intermixed with
schistose limestone, which contains mica, and, perhaps? green talc.

Between this range and Jebelpur, is a broad valley, covered by a
thick stratum of alluvium, which required much more minute investiga-
tion than my hurried route enabled me to bestow.

The town of Jebelpur is situated at the foot of a range 6f granite hills,
which, perhaps, might be termed syenitic granite, as its composition is flesh-
coloured felspar, smoky quartz, a little black mica, and much korn-blende.
I have traced it for thirty miles, in which space it dips below, and rises
above the surface several times, and there the rock becomes well defined
granite, and is particularized by its tendency to exhibit logging-stones : it
is much subject to decomposition, from the quantity of felspar it contains.

Every formation subordinate to granife is to be found in this neigh-

bourhood. Gneiss, containing kornblende, and partially decomposed, so
K as
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as to acquire a ligniform appearance, is in the bed of the Nermada river,
at Tilwara Ghat; Mica-schist is at Ramnagar, and all along the low range
of hills, which runs from thence towards Lamaita. Hornbdlende-schist
is in the hills, between the villages of Bhowra and Pareri; talcose, and
argsllaceous-sokists in the hills between Bhowra and Maroud, and in the
bed of the river between Lamasta and Beragarh, a series of strata are
laid bare, exhibiting gxetss at one extremity, and from it, a regular gradation
of micdceous and argillaceous-schists, to schistose limestone, quartz-rock,
and the beautiful snow-white dolomite, which is described in the following
paragraph. I cannot here omit to recommend to any traveller, desirous
of observing these strata, to walk along the edge of the river from
Lamaita, to the water-fall of Beragarh, from whence he may either pro-
ceed in a canoe, through a narrow channel, excavated by the terrent, and
enjoy a spectacle, far exceeding any description I can give of it, or he
may return by the ruins of T'ripurapuri, which are near the village of
Teor, and examine the remains of the ancient capital of Garka Mandela.

The Dolomite is near the water fall; it has been called muriacite and
alabaster, both of which it resembles.; but from its geolegical comnections,,
as well as its composition, it is evidently a dolomite, and its most refrac-
tony portions, if pulverized, will effervesce, with diluted nitric, or muriatic
acid; a few miles further west, it effervesces freely, and is friable, almost
crumbling between the fingers, and contains crystals of T'remolithe; but
at Beragarh, being intimately associated with quartz-yock, it contaims
more or less silex, and: the snow-white vapiety, which resembles almbaster,
seems to be an aggregate of dolomite and pure guartz: this variety scaxce-
ly effervesces without being pulverized, but it takes a fine pelish, and
is quarried for various purposes, such as slabs for floors, or tables, and it
might well be used for- ornamental architecture, orexen for statuary : it
is traversed, in many parts, by veins. of chlorite sohsst. . '

From
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From Jebelpur, 1 returned to Tendukaira, by another route along the
metalliferous range of hills, which it was my business to examine ; but
I refrain from giving any account of its mines, for the same reason which
I have alledged in my account of Tendukaira. I must also'defer sending
a map of this portion, which I have constructed on a larger scale, in or-
der to shew the position of the mines, until a future opportanity ; in the
mean time, I may observe, that a part of the southern barrier of the val-
ley of the Nermada river (like the northern, opposite to Tendukaira, Sir-
mow, &c.) is composed of trap rocks, the contour of which I have laid
down to the extent of eighty miles, and I trust, that a future opportuni-
ty will enable me to complete the whole.

The result of my inquiries respecting this eastern deposite of over-
lying rocks, is, that it extends southward, as far as Chdparah, or
Seonf, and thence eastward, towards Mandela, AMkmtak, and Sohagpur ;
but whether it unites with the great central mass, I could not leam;
it is somewhat harder than the ¢rap of Sdgar, but does not essen-
tially differ from it in character, as the accompanying specimens will
shew ; but it differs greatly in its substratum, which is here granite or

anesss.

In the re-entering angles of the ¢rap hills, the occasional re-appear-
ance of the primitive range may be traced, and in a cluster’ of such hills,
about one mile south of Bograi, the rock is composed of mica, quariz,
compact felspar, and chlorite, intimately intermixed in fine grains, and
' somewhat friable; in the same hills also, is a conglomerate of the
same formation, containing quartz - pebbles, much rounded, and worn
by'thev attrition of water, but no fragments of green-stone or basalt,
although the hills in question are nearly surrounded by rocks of the trap
family. o

After
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After passing Bograi the valley expands, and is covered by thick
alluvium, through which the dolomite occasionally crops out for a short
distance ; but with that exception, no rocks appeared above the surface,
until I arrived at Kshirarpani, where the hills are composed of stratified
quartz rock, sometimes granular, but more frequently compact, and con-
taining felspar, the strata are highly inclined, and sometimes perpen-
dicular, and as there is no other kind of rock, between Kshirarpani and
Tendukaira, except the isolated sandstone hill of A4mjero : this brings
me back to the sand-séone and ¢rap formation of the Sdgar district.

To this catalogue may be added a very curious calcareous conglome-
rate, which is found in the beds of most rivers, whose sources, or whose
channels are in #rap countries ; I have observed it in the bed of the Sonar
river, north of Reili, and in other places; it occurs also plentifully in
the Nermada river in various parts; but the largest mass I have seen of it,
i8 near the Jansi Ghat.

It is composed of rounded fragments of wacken, basait, sandstone,
quartz, and occasionally of other rocks, varying from the size of a pea, to
that of an ordinary grain of sand, cemented by calcareous matter, and
when the particles are fine, the rock in some respects resembles calcareous
sand-stone, and has sufficient cohesion for architectural purposes; its stra-
tification is always horizontal, the coarse parts being lowest, and it re-
poses on the subjacent stratum, be the rock what it may, for it is evi-
dently the latest formation ; thus at Beragark it may be seen in the high
banks of the river, reposing upon the primitive strata, and itself covered
only by alluvium to the depth of thirty feet.

I have not met with a description of this rock by any author, and yet
it cannot be considered strictly local, for it is evidently a conglomerate,
forimed
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formed from the detritus of sand-stone, and overlying rocks, which appear
to be its chief constituents, and, consequently, must be of considerable

extent in this country.

Having thus given a description of my route, and a brief compen-
dium of my observations as they were made on the spot, I will now ven-
ture a few general remarks on the conclusions I have drawn from them,
and should I inadvertently lean to either side of a disputable quesfioh,
I intreat that it may not be attributed to design : I am not learned enough
in the science to become an advocate for any party : a few lessons when
in England, and the great volume of nature have been my chief guide,
and to record facts, to lay down strata correctly, though not minutely
on a map, to extract that which is useful or profitable in the science,
is all I aim at, and the train of investigation which this requires, imper-
eeptibly leads to an acquaintance with books, which gives facility of dis-
crimination and description, even though the depth of the science may be

wanting.

The late Dr. Vovsey observed, « that he had reason to believe,
partly from personal observation, and partly from specimens obtain-
ed 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 ; also in the bed of the Godaveri river, from Rdjamakendri to
Nandair, and he had specimens from the base of the Sitébald: hills
of Nagpur, from Travankur, Tinnevells, Salem, and Belhm';’_’ to this
may be added Mr. StirrING’S account in his memoir on Cuttack,
where he says, ¢ the granite, where my specimens were principally
collected, appears to burst through an immense bed of laterite (iron-clay,)
rising abruptly at a counsiderable angle.” These are recorded facts on
the southern side of the central chain, and on the northern side, it may

L be
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be observed, that the plains of Bundelkhand, attest that granite is there the

basis rock.

Though I am convinced that granite is very near the surface, in many
parts of the tract which has fallen under my observation, yet it is evi-
dent, that there is a series of primary stratified rocks, intervening be-
tween it and the secondary formatioﬁs, as in .other parts of the world,
though there is reason to think that they are often wanting ; the flanks
of primitive rarges of hills almost always exhibit a series of these
rocks, and as an instance, I refer to that which is laid bare in the
bed of the Nermada river, between Lamaita and Beragark, these strata
are not intermixed, they present a series of beds from gneiss upwards;
each in its place, graduating one into another imperceptibly, and all
preserving the same dip, direction, and parallelism, without any tendency
to derange each other, and they are found on the spot, where the river in-
tersects the primitive range of Jebelpur.

In this part of India, however, the primary formations are so exten-
sively covered by secondary and overlying rocks, that vallies of denuda-
tion alone expose them to view; and under that impression I observed in a
former paragraph, that many inferences may hereafter be drawn from a
careful examination of the valley of the Nermada river, and I may also add,
from a careful examination of all great vallies of denudation, which, like
that of the Nermada river,exhibita view of the primary strata, by removing
the superincumbent beds under which they were buried.

The sand-stone formation is the next which attracts notice ; its thick-
ness is, of f:ourse, variable, it is four hundred and twenty feet, at the Bout:
cataract; and from the compactness of the rock, at the bottom of that
water-fall, I am disposed to think that it does not extend far below ; there

can.
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can be no doubt, however, that it is thicker near the Ckachai and Tons
cascades, and the Banrdair hills must be still more so ; it appears to com-
prize most of the varieties of Dr. MaccuLLocH’s synopses of lowest and
some of his superior sand-stones, whilst the general parallelism of its stra-
tification to the horizon, and its saliferous nature, well enough identify it
with the new red sand-stone of England, which comprises all those beds
that lie between lias limme-stone and the coal measures. ‘

The Uas lime-storne formation is exceedingly curious, for, whilst in other
countries it forms mountainous tracts, and occupies extensive portions of
the earth’s surface, it is here a mere plastering over the surface of red
marle or sand-stone, and I should doubt whether it ever attains the thick-
ness of a hundred feet. I have not met with it in any other place than on
the summit of the second fange of hills, and it may there be seen in
the low lands, and in the beds of small rivalets, but in the large rivers
it appears to have been swept away, as their channels are worn down to
the subjacent sand-stone, and perhaps, in some cases, to the primitive

strata.

The overlying rocks of the Sdgar district appear to be the fleetz-trap
of WERNER ; they are not only the most extensive, but, considered as
geological phanomena; they are the most important in that district, and,
perhaps, in India. The prevalence of opinion regarding their origin is
now, indeed, inclining to a modified volcanic theory, and as their extent is
truly astonishing, 1 feel persuaded, when their correct outline shall have
been ascertained, that the representation alone will be correspondently
striking. As far as my observations have extended, I have never been
able to recencile my. ideas of it, to the Wernerian theory alone; I have
seen it meandering round isolations of sand-stone, and resting against
them in a manner which could not have occurred, had its origin been

‘ such

— ————— e — .
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such 4s is described in that theory, without covering the sand-stone also.
Its known effects on other rocks, which come in contact with it, are alse
striking circumstances ; but as India possesses advantages over. all other
countries in the investigation of this subject, it would be premature in-
deed to draw inferences before we are in possession of the facts, which
alone will enable us to arrive at a satisfactory conclusion. The thickness
of this formation we have it not in our power to obtain, as it is con-
stantly variable ; in the centre of India, it occupies the summits of the
highest mountains, and at Bombay, it descends to the level of the sea ;
it reposes indiscriminately upon every rock, from granite upwards, and it
is quite impossible to fix on any average : it is useful, however, to find
out the rock on which it reposes, and its inferior level in the tract under
examination ; thus, for instance, at Sdgar, it reposes on sand-stoxe, and
its inferior line, in that district, is about 1350 feet above the sea, and as
this is also the superior limit of lias, it follows, that the trap of Ségar is
unequivocally posterior to sand-stone, and may be either just previous
to, or contemporaneous with, or posterior to lias, the latter of which, I
apprehend, will be found to be the case.

There are two kinds of basaltic rocks in the district of Jebelpur,
which are clearly distinct formations; the oldest variety is that which
penetrates the graywacke stratum in the bed of the Nermada river, near
the village of Lamaita. This stratum, though not above fifty yards thick,
is intersected by innumerable green-stome veins and nodules, always run-
ning in the direction of the strata, and as they do not occur in any of
the adjoining formations, they must, I presume, be at least as old as
that rock ; the other basalt is an overlying rock, like that of Sdgar, but
* it reposes on granite or greiss, instead of sand-stome, and appears to con-
tain a greater proportion of augife.

The
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The calcareous conglomerate must be classed, in point of time, at
least with the tufas, and other calcareous formations, such as common
kankar, so prevalent in India: it is generally admitted, that these sub-
stances have been deposited from water, in rapid motion, holding the
matter in solution, and under circumstances unfavourable both to crystal-
ization and regular deposition, and it has sometimes occurred to me,

that the matter of which they are composed, may, in other countries,

under more favourable circumstances, have been deposited in regular beds
and strata, such as the oolitic formation of England ; and I am the more
inclined to think so, from finding- the lias stratum so thin ; also from its
upper slaty beds being in general wanting ; and further, from not having
hitherto discovered any traces of a regular aolitic, or any later regular

formation.

The great extent of trap rocks, being nearly equal to a third of the

area of the country, and the absence of all regular formations posterior

to lias, if future research should prove it to be the case, are undoubtedly
remarkable features in the geology of India; and I cannot help thinking
that they may, hereafter, be the means of explaining some of the most
important pheenomena in the science, provided the facts of the case are
well and justly ascertained.

M Barometrical

T e R——g———. .
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Barometrical observations made on the route from Mirzapur to
Sdgar, and thence to Tendukaira, and Jebelpur, with heights above the
sea deduced therefrom, together _with the Latitudes and Longitudes of

the respective places.

DATE. PrLACE. Bar. |[Tuer.| HeiGar. Lﬁ:;:,‘::“ I‘ogf;:?”g
1826 o 1N o Jn
November.. 24 | Lalganj, .... ...... 29 56 69 504 feet 24 1 25 82 18 25
25 | Barounda, .......... | .ee.nn NP TP 24 57 20 82 14 00
26 | Kattra, .... ........ 20 57 70 620 feet 24 53 20 82 6 30
27 | Hanmanna, .... .... 28 79 | 68 | 1219 24 46 15 | 82 4 15
28 | Bilohi fall, .......... 28 80 | 68 | m28 24 48 45 | 81 57 15
29 | Bouti fall,.......... 29 o4 | 71 | 1000 24 46 40 | 81 49 20
'80 | Gerb, ..........unn. 29 00 | 71 | 1036 ,, 24 49 15 | 81 39 50
December1 & 2 | Keutifall,.......... 20 12 70 928 24 49 15 81 27 00
8 | Chachaifall, .... .. 20 o5 | 70 20 24 48 0 | 81 17 20
” {Tona fall, dednced} ...... 800 24 47 15 81 15 05
from the same, .. .

4 | Simeriah, 20 04 | 72 | 1009 24 48 34 | 81 8 55
5 | Birsinhpur, .. ...... 29 00 | 76 | 1064 24 48 30 | 80 57 20
6 | Hathi,...... ...... 28 99 | 74 | 1070 24 43 18 | 80 49 15
7 | Sobawel,............ 20 00 | 73 | 1089 24 34 27 | 80 46 4q
8 | Nagound, .......... 28 07 | 75 | 1009 24 34 21 | 80 35 265
9 | Girwar, ............ 28 85 | 77 | 1218 24 33 0 | 80 25 30
10 | Lobargaon,.......... 28 80 | 76 | 1281 24 81 156 | 80 19 00

5 | Ditto above Calcutta, .~| «---:- cene 1281,
11 | Mehewa, .......... 28 86 72 us1 24 24 2 80 7 25
12 | Tigra, ...oooovnnnnes 28 M 70 1098 ° ,, 4 18 20 79 59 05
18 | Garreho, .......... 28 90 | 71 | 181 ,, 24 15 38 | 79 49 35
14 | Hatta, ............ 28 86 | 74 | 188 24 7 45 | 79 35 10
15 | Narsinhgerh,........ | 28 71 | 72 | 1314 M4 10 | 79 24 2
16 | Bikairi, ...... 28 76 | 70 | 1208 , 23 58 02 | 79 13 10
17 | Saipur,...... ...ee 28 57 | 70 | 1442 28 53 15 | 79 2 %0
18 | Pareneah, .... .... 28 34 | 68 | 1644 28 51 30 | 78 56 10

19 to 81 | Ségar, (tent) .... .. 28 10 | 77 | 1988 ‘

Ditto above Calcutta,. [ ....... 1926

Ditto Town, ....oon | oonene 1940 ,, 28 50 30 | 78 44 00
Ditto Cantonments, .. | ...... 1980 '
Ditto Residency, .... [N 2050 ,,

1827
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Darts. Prace. Bar. |[THER.| HEIGHT. - Lﬁ:‘;:; B Lo]rgigfms
1827 o ! " o ! n
January .... 4 | Jysinhoagar, ........ 28 00 60 1943 feet 28 37 12 78 33 30
Morning .... 5 | Garreah, .......... 27 90 71 2094 28 30 17 78 89 00
Evening .... 5 | Tandah, ............ 28 10 | 61 | 1851 23 23 87 | 78 41 40
January .... 6 | Ghano, ............ 28 80 | 74 | 1724 23 22 55 | 78 49 45
Evening .... 6 | Sehajpur, .......... 28 50 71 15616 ,, 23 17 650 78 53 380
71010 | Tendukaira, ........ 28 70 | 75 | 1888 28 10 40 | 78 58 80
19 | Dobi, ..... e e 28 82 | 75 | 1704 28 17 13 | 79 04 55
21 | Gt. Déoriy .......... 28 30 [ 70 | 17056 , 23 24 .18 | 79 04 50
22 | Chandpur, ........ 28 45 74 15715 28 34 2 79 06 15
33 t0o 4 | GaraKota, ........ 28 68 | 67 | 1845 28 47 25 | 79 07 30
26 | Reilli, . .-.. e, 28 60 | 66 | 1350 28 38 50 | 70 08 45
26 | Rangir, ............ 28 47 | 66 | 1522 ,, 23 87 45 | 78 &5 20
27 | Chandpur, vide above, .
28 | Gt. Deori, vide above,
29 | Kosiari, ...... .... 28 47 | 79 | 1584 28 23 48 [ 79 11 55
s1 | Bynsa, ............ 28 67 | 81 | 1304 ,, 25 24 38 | 79 20 00
February .. 1 | Sammapur, .. ...... 28 61 [ 79 | 1546 , 28 19 45 | 79 25 00
2 | Patterfah, ........ 28 67 81 1396 23 15 35 79 3 45
8 | Natwara, .......... 28 65 | 84 | 1426 28 10 30 | 79 40 20
4t 10| Teor, ....ccovvnnnns 28 64 75 1396 23 09 20 79 51 45
12 to 18 | Jebelpur, ...... .... 28 60 | 8l | 1468 , 28 10 40 | 79 68 15
Ditto Cantonments, .. | ..... . 1470
Ditto Residency, .... | ...... eeee | 1500
19 to 20 | Pannagerh, ........ 28 58 | 80 | 477 23 19 15 | 80 02 30
21 to 22 | Pouri, ......... e 28 62 76 1423 23 23 00 80 08 50
23 to 24 | Majgowa, .......... 28 52 84 1550 28 24 15 80 14 30

Note.—From the 24th of February, and throughout the whole of the month of March, and part of April,
the weather was very unsettled, raining at intervals, and this unsettled state was followed by great heat in May
and June, which became excessive in the beginning of July. The Thermometer at Tendukaira ranging from 120°
to 122° in the sun, and from 108° to 116° in the shade, which rendered Barometrical observations for height, too
uncertain to be relied upon.

APPENDIX.
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T'ue barometrical observations of the accompanying table were in every case, not par-
ticularised, derived from a mean of several during the day, and sometimes as at Sdgdr,
Tendukaira, and Jebelpur, from a mean of several days; the mercury of the barometer
was taken out, the tube cleaned, and fresh mercury purified by Mr. Prinsep, of Benares,
substituted at that place ; after which it was compai'ed with his barometer, and as a check

upon it, I used a box barometer of Sir H. Englefield.

It was constantly hung up in my tent, and the detached thermometer suspended in
the shade in the open air, and I always waited, until the attached thermometer agreed with
that which was detached, or in other words, until the quicksilver of the barometer had

acquired the temperature of the air; so that one thermometer was sufficient to register.

My method of calculation is that of Dr. Hutton, checked, indeed, by that of Dr. Ro-
binson, but never altered, because the results were nearly equal, and my point of reference
and comparison was a station of the grand trigonometrical survey at Sdgar, which is 2195

feet above the level of the sea.

I ascertained by measuring a base line, that this station was 250 feet higher than the
tent where my barometer was placed, and a mean of fourteen observations gave 1933 feet
for its elevation above the sea according to Dr. Hutton’s method, 19334-250=2188, dif-
fering only twelve feet from the geometrical result ; and as I have used the same barometer
and the same mode of calculation throughout—if twelve feet be added to each of the items
of the table, they will, I conclude, be nearer the truth, because I have greater confidence in

the geometrical results, than in those of the barometer.

The
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The stations of the triganometrical survey, afford an excellent opportunity of compa-
rison and check, and provided they are referred to -at moderate intervals, it matters but
little what formuls of calculation is used, if it is constantly the same, as the results cannot
greatly vary, if the barometer is also the same, and the observations are carefully made.

The average height of the first range of hills between Tdra pass and Kattra pass is
about 520 feet above the sea; that of the second range, between the Katfra pass and
Lohargaon, 1050, and between Lokargaon and the foot of the hills near Patteriya, about

1200 feet, gradually ascending.

The average height of the highest parts of the third range, or Bandair hills, ascertain-
ed geometrically from Lokargaon, Tigra, and Garreko, is about 1700 feet, and as they are
the same, deduced barometrically at Samaspur and Patteriya, they are evidently a plat-
form, like thae first and second ranges, varying only from a perfect level by the undulations

described in the account of them.

The junction of the Sonar, Bearmi, and Kén rivers, is about 1000 feet, ascertained from
Tigra and Garreko ; the source of the Wr, is 1950 feet, and its fall 950 feet in a course
of 110 miles ; the source of the Bearmi, about 1700 feet, ascertained from Samaspore, and
its fall to its junction with the Kén, 700 feet in 105 miles; the source and fall of the Kén
river is nearly the same as the Bearmi, though its course to the point of junction is only
seventy miles, but there is a cascade in this river at the Piperiya Ghat.

The highest line of lias limestone, is about 1350 feet, and the lowest near Hat,hki,
about 1070. The lowest level of ¢rap in the Ségar district, is near Patteriya, about 1350
feet, and its highest is the summit of the highest hills ; of sand-stone, the highest level is in
the vicinity of Sdgar or Rassen, and its lowest the foot of the Tdra pass; but these local
levels have reference only to the tract which has fallen under my observations, and by no

means apply generally.

The cantonments of Lokargaon, are about 1260 feet, those of Sdgar, about 1980 feet,
and those of Jebelpur, about 1470. The Residency of Jebelpur, is about 1500, and that of

Sdgar, about 2050 feet above the sea.
N The
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The latitudes have all been observed by myself, chiefly from meridional altitudes of
the sun, when available, and when not, from observations of the stars, taken with a good
sextagt, by the method of reflection ; the longitudes are from a large map of my own

survey.

With regard to the geological map, having previously surveyed a great portion of
the ¢ract, 1 may, with some confidence affirm, that the topographical features are accurate,
and so also are the outline delineations of #rep and sand-stone; the lias required a more
minute survey than my time afforded ; the outline of its extent is correct enough, but the
sand-stone collines, which protrude through it are, in a great measure, conjectural ; and the
primitive strata are comprised under one distinctive colour, .as it would have required minia-
ture minuteness to have delineated them, under separate heads ; the strata of Beragerh, for
instance, comprise a series from gneiss to dolomite in a space of two miles, and a delineation
of them would have represented a ribband, with all the colours of the rainbow, rather than
a geological arrangement, in a map of so small a scale.

II1.




Yr2rreery ’

k. L







III.

THE TRAP FORMATION

OF THE,

SAGAR DISTRICT,

dnd of those Districts Westward of it, as far as Bhopalpur, on the

Banks of the River Newas, in Omaiwura.

By CAPTAIN S. COULTHARD,
OFf the Bengal Artiliery.

.A GENERAL idea of the number of sand-stone hills, rising through the
trap formation of the district about to be described, may be formed from
the number of villages ; for, although a few villages may be seen,: situ-
ated on the slopes of trap hills, the natives, as far as possible, have
avoided placing their habitations on rocks of this formation, and there
being fully as many sand-stone hills, without villages, as trap with them,
it may safely be said, that there are as many isolated patches of sand-
stone in these districts, as there are villages.

At Panchamnagar and Satpdrah, places marked in the accompanying
sketch, there is the lias, and about nine miles west of those places, or at
Sanwa, the trap and sand-stone. The same may be said of Pattariya

and
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and Garakota, on the right hand, and Shakpur, one march on the left,
or westward ; and then, if a line be drawn between these places as res-
pectively mentioned, leaving the nameless rivulet as it occurs between
Shahpur and Pattariya, in the lias, and also continue this line south-
ward to the red sand-stone hill, which overhangs Terdukaira, in the
vale of the Deori, there will be a tolerably correct eastern boundary
given to the trap formation of Sdgar.

The vale of the Deort is of an older formation, than either the lias
of the HattaR district, or the sand-stone subjacent to the trap of Sdgar.

That red rock, which has been alluded to as skirting the Deors,
near Tendukaira, has its accompanying trap hills, and these, in their
general direction, bend their course to Hasanabad; indeed at Sirmow, or
soon after passing south of that place, the road from Ségar to Hasanabad,
descends this trap range, and afterwards continues at their feet, on
the south side, the whole distance to Hasanabad. Let it be added to
this, that the road for fifteen miles south of Hasanabad, or as far as
Petraotah, is on the alluvial matter of the Nermada, a deep black basal-
tic mould, and that at Petraotak, a hilly country again occurs, consist-
ing of primary rocks, contingent on the granite of Shakpur, Nimpdni,
and Bituil, and then there is a definite bounding line on the south.

If the cantonment of Bhopalpur, on the right bank of the river
Newas, be taken as a point, and a line be drawn from that point to the
Nermada, so as to pass between Sultanpur and Dewas, such line will
cut through the eastern part of the trap formation, described by Captain
DanGEeRFIELD, as that officer marks both those places in his sketch ; in-
deed, that which is under description by me, is a mere continuation to
the eastward of the newest floetz trap formation, named by that officer, as

occurring
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occurring in the upper plains of Malwa, or to speak still more c'orr'ectly
as to direction, it is a shoot up north-eastward from it.

~ With regard to the northern line of demarcation, I cannot be so sa-
tisfactory and clear. If aline be drawn from Bhopalpur to Seromj, it
will pass through the formation, under review, but as to how far this form-
ation extends north of such a line, I have no precise information. The
Maltoun pass is of sand-stone, and I believe this rock ends some-
where between the crest of the pass and the village of Naret, not far
removed from its northern foot. The granite is at 7T%ri. An iron ore
is worked to a considerable extent at a spot intermediate between
Dhamini and Marowra; Dhamini has the trap and sand-stone; and
the trap ceases five miles and a half south of Hirapur, whilst the bare
sand-stone, freed from any overlying mass, continues until it may be
seen resting on matter incident to the primary rocks, at Hir;zpur, and
where, too, it ceases entirely. Nearly in this direction will be the
northern limit of the trap formation, as laid down in the accompanying
sketch, but much confidence is not to be placed in it; the boundaries,
however, to the east, west, and south, may be offered as sufficiently
accurate.

It is eighty-four miles from Bhopalpur to Bhilsa, and seventy-two
from Bhilsa to Sdgar, and twenty more bring us ‘to Shakpwr; and this
line, though not a straight line, is sufficient to give a general idea of
longitudinal extent. H irapur, in the northern .quarter, cannot be less
than seventy miles distant from the southern boundary, givem to the
sketch ; and the whole of this extensive area is occupied by the newest
fleetz trap formation of WERNER, subjacent to which is the new red
sand-stone, ‘shooting up frequently from below through the overlying
rock. ‘

o It
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-~ It is a hilly tract throughout; but it may be better understood if it
be said, that at Sdgar, in its neighbourhood for eight or ten miles around,
and also in every part south of Sdgar, within the prescribed limits, and
as far west as Hasanabad, may be seen ranges of low hills extremely
clustered, though always detached, bending about in their shor? course
towards all points of the compass, and thus forming valleys of every con-'
ceivable form, though not commonly of any great extent, and never dif-
ficult of access. But if the view be extended beyond the neighbourhood
of Sdgar, towards the east, or the west, or the north, expanded valleys will
gradually meet the eye, whilst the hills recede from it sinking in the hori-
zon'as they surround valleys farther removed from Sdgar, until these
valleys are enlarged into extensive undulating plains, studded over with
isolated trap hills, occasionally of a conical, commonly of no determinate
form, whilst ever and anon, a short range of the same, deviating little from
a straight line, will have its beginning, and its ending, within view. .

" These valleys and these extended open plains, are every where com-
posed, near the surface at least, of a trappean or basaltic mould, blackish:
in color, which reposes either on a bed of basalt, or on a bed of compact
wacken. This compact basalt, or compact wacken, is either of an uniform
ovate form, or else it is in angular pieces of middling size, and underneath
these, as their occurrence may respectively be, lies an amygdaloid decom-
posing and decomposed, and which, as a retentive clay, keeps up the
water near the surface, and it is so met with throughout this. tract.

~ As to the trap hills, there is no occurrence of a bold bluff escarpment
belonging to them, their sides and*ends are always sloping and rounded,
and, as far as the angle subtended from the summit is concerned, of easy
ascent.. Their surfaces are thickly strewed over with masses of basalt
or wacken, imbedded in a basaltic or wacke clay, and differing only in size

and
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and form in different places, in a trifting degree. From one hundred. and
twenty to one hundred and fifty feet above the edge of the contiguous vale,
may be said to be the general height of those that rise above the rank of
swells and knolls, whilst a hummock, a cone, or something of a trunca.ted
cone, occurring in their otherwise even outline, and which serve to cha-
racterise them from their sand-stone companions, partially increases the
elevation. )

The sand-stone rock is very prevalent, as a mere mound or rise, con-
stantly having a village upon it, and situated often on the plain ground,
oftener on'the edge of the plain ground, with a trap hill partly resting on
it. In particular parts of the country, however, ranges of sand-stone hills
occur, equalling, though never exceeding, in height and extent of range,
those of the trap, whilst they are to be easily distinguished from them by
their general evenness of outline; by their having vertical or precipitous
escarpments at their ends, and on their sides to within twenty or thirty
feet of the top; by the fallen masses lying about; by often sharply-de-
fined, castellated, and mural appearances on their summits, and, in short,
‘are to be distinguished by all that which has been remarked of them 'as
exclusive, when' occurring in other countries. They never appear inter-
stratified with any other mineral, when they occur in the tract of coun-
try under review.

And these swellsand hills of sand-stone and of trap, most particularly
the former, may often be observed sterile and bare, shewing nothing but
some coarse grass during the season of the rains, which gives to them, at
that time, a tinge of green ; but the vast majority of them are ever thickly
cloathed with vegetation, consisting of plants, and shrubs, and forest trees
of stunted growth, in particulars only differing from those of constant and
every-where occurrence in India, and which have often been numbered

and
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and described. And lastly, the flat and compressed surfaces of both kinds
of hill, are often of considerable breadth,-and on the summits of the trap
hills, not those of the sand-stone, more especially in the angular parts
of the trap hills, as they bend about, may be seen a patch or cultivated

spot.

With regard to the general level of this land above the sea, I may
observe that there is a peak shooting up from a trap range to the eastward
of Raisen, which attains an elevation of something more than 2500 feet;
but the hills of Raisen are much less, so also is the sand-stone range of
hills on the north bank of the Nermaddé at Hasanabad. Sdgar, upon the
whole, is the highest part in this tract. The centre of the cantonments
at Sdgar is 1983 feet above the level of the sea by the barometer, and the
hill at the mint of Sdgar, which is about a mile from the last named point,
is something more than 2300 feet by trigonometrical calculation. I bave
before remarked, that Ségar and its neighbourhood is a confined hilly tract,
and that towards the east, and the west,and the north, the country opens;
and it is, in fact, taking Sdgar as a radiating point, in those directions that
the land opens that the general elevation of it above the sea decreases;—
but not so much westward or towards Bhopalpur, as the general elevation
of the upper plains of Matwa, is 1650 feet, and Omatwara, in which Bho-
palpur is situated, belongs to those plains ;—neither is it so much tewards
the lower lias formation of the Hattah and Garakota district, or eastward,
because the elevations there are, in general, about 1500 feet. It is in the nor-
thern quarters that the principal, and a rapid diminution in height is to be
observed, for the Malioun pass, nearly due north of Sdgar, and six and thirty
miles distant, is only 1000 feet above the level of the sea, by trigonometri-
oal calculation ;—Seronj, to the westward of north from the same place, is
800, and Hirapur, to the eastward of north, between 1000 and 1100 feet,
by the same calculation. From all this it is to be inferred, that the elevation

' about
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about the central point of Sigar is from 1800 to 2500 feet, and that in
a northerly direction the land declines considerably,—and much more in
that direction than it does towards the east or towards the west. In addi-
tion, if it be observed that the primitive range skirting the alluvium of the
Nermada, south of Hasanabad, was found to be on a general equality as
to heighth, with the trap and sand-stone rocks of S¢gar, whilst the granite
range of Bundellhand, on the northern limits, is at least 1000 feet lower than
those rocks of Sdgar, a point nearly midway between the two-named pri-
mitive ranges, all is said, it is hoped, that need be, to assist the idea as
to what is the general elevation above the level of the sea of the trap and

sand-stone under review.

There exists so strong a family likeness between all the trap rocks of
this formation, that it may safely be said, was chemical analysis resorted
to, a nearly similar result would, in almost every case, be obtained. It
is always every where an earthy homogeneous deposit, by which is to be
inferred that there does not occur in it any rock of a definite, or nearly
spproaching to a definite, crystalline structure: neither a coarse-grained
basalt will be found, nor a syenite, nor a green-stone, shewing distinctly
is constituent simple minerals, nor is there indeed either a clink-stone or
clay-stone. It appears as a closely allied family of basalts of a very fine
grain, of wackens and amygdaloids, all others, of the long list of trappean
rocks, may be thrown out of consideration, as of no alliance and of no

octurrence here.

No. 1.—Of the few varieties there is one basalt which has been said*

to be similar to the Rowley Rag, and it certainly does agree very closely
with

# By Dr. Vovsey, I believe.

P
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with the description given of that mineral. Its colour is greyish-black,
—its lustre is slightly glimmering, and it has a flat conchoidal fracture,
and is difficultly frangible. It is not here the rock of most common
occurrence, but I name it first, and marked it No. 1, because it is the
hardest. It does not rise above the surface, but occurs in beds where
the masses are of an uniform, egg-shaped figure, perhaps a foot and a
half in their longest diameter, or it occurs in beds, where the masses are
angular pieces, or cubes disfigured, not much exceeding a foot in mea-
surement any way, and closely set together without cement.—It seems
to be little liable to external decomposition, and its surface, which is
smooth and entire, is coloured a yellowish white.

No. 2.—There is another basalt differing little from the last, except
that it has not the same tenacity, and its colour is soot black. It occurs
only in angular pieces. I mark it No. 2.

No. 3.—Is another in colour like the last, but still softer, and which
splits, with a moderate blow, at natural joints, into small four-sided prisms;
coated with a blueish coating, like that often seen on newly wrought iron.
—It is in the mass amorphous.

No. 4.—Is a five-sided prism. When the bed of a rivulet or river is
composed of angular. pieces of basalt or wacken set together in a pave-
ment-like form, the surfaces exposed to the double effects of intense heat
and moisture, will appear cracked into a variety of prismatic forms, and
occasionally it will appear such as No. 4.

All these rocks seem to be, though not wholly, yet essentially com-
posed of an intimate mixture of felspar and hornblende in an earthy state ;
and the latter, or hornblende, is the mineral that characterises all the harder

kinds,
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kinds, whether compact or amygdaloidal, whether they are basalts or
wackens, for their colour is black, or black only slightly modified :—The
structure is always massive,—a laminated specimen could not be obtained.

But the principal rock, throughout this formation, is that represented
by No. 5. It is what is termed a compact indurated wacken, in colour
black, with a very distinct brownish tingé. When first fractured, its sur-
face has a much more glimmering appearance, than the basalt, but unlike
the basalt, exposure to the atmosphere, soon changes its surface into an
earthy dirty whitish colour. 1t is often very tough, very refractory under
the hammer, but its fracture is flat and dull,—not sharp and splintery, or
approaching to the conchoidal. It occurs in pieces, in length, breadth,
and depth, pretty nearly the same, a foot in measurement, and which are
set closely together, so as to form something like a stratum in the hills,—
or in the vallies as the base of the basaltic mould; and it is also the pre-
dominating variety in those hills, which are of such constant and general
eccurrence, consisting of large rounded and angular masses, thrown up to-
gether in the utmost confusion, with very little clayey matter intermixed;
—and lastly, it may often be seen abstracted and alone, in something like
lirge uniformly ovate masses, having a brownish and wrinkled exterior,
and imbedded in a sombre reddish brown clay No. 5, is taken from a hill

of the last kind.

. No. 6 will exemplify the same where set as a stratum.
.No. 7 is also the same kind of wacken, but it is decomposing with a
nucieus of undecomposed black matter, and the superficial and decom-
posing part is a light yellowish brown ;—further stages of decomposition
might easily have been shewn to where the whole matter is changed to a

greyish colour, and chips off into fragments like pieces of a small bomb-
shell,



56 THE TRAP FORMATION OF

shell, or to where the whole mass is nothing but a soft easily workable
clay, shewing however still the curved lamellar structure, and what it once
must have been.

No. 8 has an aspect much resembling basalt properly so called, but
its fracture is flat and sluggish.

A cellular, or honey-comb mass, will often occur intermixed with any
of the foregoing,—the cells of which are externally empty, and internally
filled with powdery whitish oxide of iron, which immediately falls out
when the stone is fractured, such is No. 9.

No. 10 is wacken, with much olivine interspersed.

And No. 11 has something of green earth,and something of olivine in
specks and splashes.

No. 12 has rather more of a blueish grey than a black caste, probably
from the felspar rather exceeding its usual proportions.
1
It is much to be wished that the term basalt could be extended so a
to include all those rocks named wackens for although there is some
slight diversity of fracture and frangibility, and some little variation n
colour, yet a difference in name seems quite uncalled for in regard to them
and only calculated to mislead.—However thus much may be’ said, that
those rocks in this list named basalt, are strictly compact,—no casual
mineral will be found imbedded,—whereas the wackens on the other hind,
whilst they are sufficiently compact to exclude any other term than dom-
pact, are seldom quite entirely so. An accidental mineral of the kinds
incident to amygdaloids, may almost always be detected in them, and this

too,
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too, together with the similarity of paste, serves to connect them with
these amygdaloidal varieties, which, as elsewhere, in trap formations,
- here most commonly occupy the lower positions.

No. 13 is an amygdaloid which has been thqught to resemble the
toadstone of England. It has a black homogeneous paste containing
chalcedonies, calcareous spar, and green earth. The former are often
geodes coated externally with calcareous spar, and internally lined with
minute crystals of quartz with calcareous spar filling up the cavity.
Where green earth occurs in the same cell with siliceous crystals, the lat-
ter appear in a decaying state. The size of these imbedded portions do
not, in general, exceed a nutmeg, although the chalcedonic geodes, &c. are
sometimes a little elongated to the extent of three or four inches, and their
sides are compressed.

No. 14 has the same paste as the former, though softer, and except-
ing green earth, has the same imbedded minerals ; and when these are of
1 moderate and usual size, very pretty specimens of the whole rock are
#fforded, but in general this variety of amygdaloid envelopes very large
sized portions;—a cylindrical geode of amethystine quartz was found
neasuring thirteen inches in length by two and a half inches in diameter.
Tiwas coated internally with beautiful quartz crystals, with calcareous spar,
asstated in the previous specimen, filling up the cavity, and this mineral
alo coated the geode externally, and was seen much in splashes in the
pate proximate to the cell. Asregards these amygdaloids, it would seem in
Proportion as the contained mineral is large, so is the containing matter soft
and friable, though still retaining its colour, a black, when fresh fractured.

No. 15.—Paste as before enveloping green earth, chalcedonies, and

zeolites, the latter predominating. .
e No.
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- No. 16.—Has a paste of a blueish grey colour, and appears almost
completely saturated with calcareous spar; though much softer than any
of those previously mentioned, it possesses greater induration than Nos.
17 and 18.

|
No. 19.—Is an amygdaloidal mass, consisting of innumerable pea-
form nodules of calcareous spar, cemented together by a thin cement of
basaltic or wacke clay of a light colour.

No. 20.—Is fully engrossed by minute crystals of zeolite, excluding

from the paste any other mineral.

No other trap rocks, than those I have lhentioned, are here of obvious
and constant occurrence, at least if any other varieties exist I saw them
not.—With regard to the simple minerals contained, calcareous spar is the
most abundant, green earth, chalcedony, and quartz, are also very preva.
lent, but the zeolite minerals may be quoted as scarce. Well definec
jasper is rarely seen, but something above an indulated clay, what may b¢
termed semi-formed jasper, is of constant occurrence, so is hornstone ; and
both these last are to be found independant, but they are more generally
lying contiguous to the limestone from which they are derived. Tie
iron clay so easy to be met with every where, would hardly ever satisfy
the mineralogist, for it is for the most part amygdaloidal, and not a simple
mineral. It semetimes rises to the rank of a poor earthy red ore, andit
is as such worked near Barseak, near Raisen, and at the source. of he
Dasaon, &c. Olivine throughout is every common,—but I have never
procured either a crystal of hornblende or of augite. 1’

But to the trap, not to the sandstone, belongs a hard white earthy
lipestone, harsh and gritty to the feel on the fresh fracture, and in vhich,
: rather



THE SAGAR DISTRICT. | 59

rather sparingly, are imbedded small rounded particles of calcareous
spar of a yellow colour. It belongs to the trap, and it is, moreover, ever
attendant upon it throughout its range. ‘Near the surface, or where it is
in immediate conjunction with other matter, it may be found varying in

colour and varying in the quantity of spathose matter. ‘Very frequently, it
will be of an ash colour, and the spathose particles, which are white and
thickly set, forms the majority of the mass. Other specimens are red-
"dish, brick red, deep chocolate, or brownish black ;—others ‘again might.
be produced, of which it would be difficult to say whether they were

kmestones or amygdaloids ;—but always in proportion as it is coloured so

B it the more clayey, gritty and impure,—more affected by foreign matter

than that substance, which I l;ave described, as the principal and charac-
feristic rock.

This limestone rock is never found in the valleys, it is confined to
the hills, and low swells, and generally forms the basement stratum in
them, ascending somewhat above the level of the contiguous valleys. A
stratum of this kind, is always sufficiently obvious in a hill possessing it ;
fr along its sides, or at the ends, either a white patch mouldering by’ the
veather immediately catches the eye,—or large rolled and angular pieces
stand about, of a greyish colour, and very discernible from the blacker
tmap ; though the continual line of the stratum, where it juts out to day, is
mt easily to be distinguished, the knobs, and exposed parts being gene-
ridly covered with a blackish crust, and also intermixed with masses of
inlurated trap, and other more earthy matter, debris of the same, slid
dovn from above. A white patch of this limestone, mouldering by the
weither, is the source, from whence comes the particles of kanker, found
mmtermixed with the black basaltic earth of the neighbouring valley, in
such proportion, as to add increased fertility to it; and if a rivulet mean-
ders through that valley, and such is'generally the fact, patches made up

of
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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. Where the grey
coloured, large, rolled, and angular masses occur, there itis that a hornstone
and jasper is to be found, though not both together in the same spot. The
introduction of silica is of course the cause of the wholeness, and indura-
tion. of those masses, whlch easily effervesce, but endless gradations are
to be seen between these, and the two other minerals just named. Ifin-
durated clay, and semi-formed jasper are the derivations, the colour of
these will, for the most part, be deep yellow; if green earth is the consti-
tuent of a neighbouring amygdaloid, the specimens will offer two colours,
.green and yellow, or yellow freckled with green. The hornstone varies
much, from deep chocolate to straw yellow, from flesh coloured to nearly
white. The flesh coloured hornstone, or chert, and the specimens shewing
the lime-stone passing into this flesh coloured hornstone, or chert, found
at Bapyle, about seven miles westward of Sdgar, resemble exactly the
same substances brought from the lias of the Hattah district, or eastwarc
of Sigar; and this, together with the yellow fragments of lime-stone, of ¢ ‘
tooth-like form, and somewhat dendritic aspect, also found at Bapyle, a)
well as elsewhere, is the fact that has much tended to increase the idet
that the lime-stone of the trap of Sé4gar, and districts adjacent, is tle
lower lias half calcined, and disguised by the trap. i

Some specimens of that which I have called the characteristic lime-
stone will not effervesce at all, whilst others do so, but very weakly ; hat
still oftener the acids take effect with sufficient briskness. Often he
stratum of lime-stone is broader than the trap, which reposes upon it, md
upon the mounds, and swells of lime-stone at the foot of the hills, otca-
sionally will be found, a spot solely occupied by innumerable sma]l fag-
ments of spathose matter. These fragments are of a striated and raliat-

ed structure, and appear as if they had been purposely broken by the
hand,
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hand, and clustered together to the exclusion of any other matter ; how-
ever, it must be added, that some specimens of this species of spath are
seldom wanting wherever the lime-stone rises to day, indeed the crys-
talized matter of this formation, when not imbedded in other substances,
seems mostly to present itself with either a fibrous, striated, or radiated
structure, and it is in its nature not pure and translucent.

A calcareous cement in these trap vallies, and near a streamlet, is of-
ten found forming trap tuff, that is, found uniting small pisi-form speci-
mens of all the rocks, incident to this tract, into a mass, or bed of some-
times considerable induration, the surface of which will attract the eye
by its rusty iron brown aspect, and its sterility.

It remains for me to describe the sand-stone underlying the trap, and
g0 very often i'ising up through it, in the shape of hills, and swells. It is
in no instance, that I have seen, interstratified with any other rock. Red
marl, or clay, is sometimes to be seen alternating with it, in thin streaks,
resembling the same rock under the lias of Hutta, &c. Galls of clay, or
lithomarge, may frequently be found imbedded ; and as to its colors what

. elsewhere has been said of the same rocks in this regard occurs here,

namely, they vary from a dark chesnut or chocolate, through red, reddish
and salmon coloured, to nearly white and white. Massive kinds often
thew two colors,—seldom more than two, and these two colors are a grey-
&h white, and a deep chocolate, oritis a deep chocolate speckled with
vhite spots. The slaty varieties, on the other hand, are exhibited cloud-
el, streaked transverse to the structure, zoned, green, brown, red, ochre
ydlow, orange yellow, &c. &c., are, in fact, seldom exhibited, otherwise
than with much diversity of shade and color, except perhaps a green va-
riey. These slaty kinds are extremely micaceous, and the colors in the
streaked varieties above alluded to, change at the line of cleavage ; and

R lastly
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lastly, the eye ‘never perceives any inclination worth . mentioning, or va-

riation from the horizontal position, either where viewed in the whole

alluding to their general air and look, or when viewed in any part as re-

gards the constituent, angular and tabular masses of these sand-stone
- rocks. All this leads to the decision, that the rock in question is the new
red sand-stone, and the lower division of that formation as defined by
MaccuLLock, otherwise the principal corﬂpact rock is by no means so
tender as to be unfit for economical purposes. On the contrary, it is.a hard,
glassy, splintery substance, evidently composed of fine grains of sand held
together by a solution of silica, and assuredly not a free working stone,
though it is squarred with some difficulty, and failure, into appropriate mass-
es, and every where used as the common building material. Varieties of less
frequent occurrence, and differing little from the principal rock, except in
being somewhat softer, are hewn for the architectural purposes of the
small temples of worship, and chisselled to produce alto relievo represen-
tations of the various Deities, &c.

The trap mantles round at the feet of all these sand-stone hills, and
renders them isolated as far as regards the surface of the land. The an-
gular masses composing the hills, differ much in measurement, whilst they
are set together very closely in a horizontal position; or if any remarkable’
interval exists between the masses, where the vertical separation occurs, it
is generally empty, no clay, no debris, nothing will be found. The massive
bi-coloured blocks are not confined to any particular spots, they are casua
every where ; and the same is to be said of the slaty species, for a neg
of this latter will now and then be seen with an immense mass of tle
common characteristic massive kind resting upon it; though at Maswdi,
Satgerh, Garspur, Bilsa, and Narsinhgher, there would appear to be a
continued stratum, occupying a place in the whole line of the hill, at
each of these places. Often at the ends of the hills, there is a Huff

ragged
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ragged perpendicular escarpment, and of course the rock is exposed from
the base to the summit. Oftener there is a very easy slope, both at the
ends and along the sides from the edge of the trap, that is the base of
the hill, to within twenty or thirty feet of the top ;—from this the rock
continues upwards ‘precipitous and rugged, and the crest is gained only
after difficulty and search for particular points. The matter that gives
the slopes described, is merely and exclusively the debris of the parent
rock ; and the vegetation, which clothes the surface, springs up be-
tween the fragménts, time and the elements having worn off matter from
those fragments, and so generated something of a soil beneath them.

I might have mentioned before that the principal quartzose sand-
stone, that which I have described, when first fractured, and brought from
the quarry, is of a beautiful sky blue, which soon by exposure turns to
such as the specimens shew it, a salmon color or flesh color, or slight mo-
difications of these. The slates of Satgerk, if they split off less than two
inches and a half thick, are too friable and are thrown aside as waste.
Some of the quarries are already abandoned, and the whole appear to have
been commenced about half way up the hill, on the crest of the more slop-
ing part, at the eastern end, and thence along both sides to some distance.
A slow fire of stout sticks of green-wood, is placed on the inner side of
the table worked, which at length cracks it down about a foot, and as a
vhole, it is then tapped into parts of the required length and breadth for
paving, eves of houses, &c. It is the slates of Maswdsi that answer for
rofing, these are generally something better than half an inch thick, and
they are flexible, that is to say, the effects of the sun warp them, so much
so. that if put on with a cement, they crack and break. Finally I may

adl, that a thin covering of refuse and stoney stuff, crowns the summit,
resing upon table-shaped pieces, which repose on larger cubic masees,

and thus far downwards the aspect of the whole is bare, rugged, and either
perpendicular,
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perpendicular, oroverhanging at the sides and ends of the hill. To the cubic
masses succeed a stratum of slate, after which again the massive in large
blocks ; both these covered by the debris, which I have spoken of, as form-
ing an easy slope to the sides and ends of the hills, easy as to the length,
but of troublesome ascent, because of the looseness of the component ma-
terial. Such is the hill of Satgerk, surrounded on all sides by the trap,
and such too is the predicament of every sand-stone hill, throughout this
trap formation, with exception to a continuous stratum of slate, which of

. course is comparatively of infrequent occurrence, though small nests, or
patches of it will always be found in almost every sand-stone hill exhi-
bited through the trap.

~

A conglomerate or breccia, having an argillo calcareous paste, colour-
ed red by the oxide of iron, and enveloping angular pieces of various sizes
of the proximate rock, will often be found at the feet of these isolated
sand-stone hills if a streamlet winds its course near; or there will be at
such points, pudding-stones, and breccias, varying in color and aspect
from this described, and occasionally too in having an argillo siliceous
instead of a calcareous paste; but neither these nor that just described,

are of any geological importance whatever, and the same may be said of
the trap tuff.

Whether a well be sunk in the trap, or the sand-stone, the water is
always found at a very easy distance. It may often be come upon, even dup
ing the dry season, within three feet of the surface in the vallies; some-
times it will be so low as twenty-five feet, whilst the medium is abost
twelve, and from that to fifteen. It is the toad-stone that limits the depth
if the well be excavated in the trap ;—the sand-stone is of itself sufficiant-
ly consolated and retentive if the shaft has been sunk in it. If the elge
of a hill or swell is pierced, of course the vertical height_of such swel or

hill
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hill must be added to the measurement just given, for instance the well
on the edge of the hill at the mint of Ségar.

)

The surface of the slope, where this well was opened, was thickly
strewed with large black wacken boulders, and these continued for some
little depth below the surface, quveloped in a dark reddish rusty ferruginous
wacke clay, succeeded by a bed, ten or twelve feet thick, of large angular
pieces of a deep chocolate coloured basaltic hornstone, underlied by a bed
of yellow clay, which yellow clay or lithomarge formed indeed, a sort of
coating or lacing to the Superinct\:mbent hornstone. To these followed a
stratum of limestone, similar to that of the cantonment wells of Ségar
resting upon the softer amygdaloids, which I have numbered: In these

amygdaloids the water presented itself at a distance of forty-seven feet
- from the surface. -

The following are the strata met with in a well in the cantonment of
Sdgar on a swell of trap.
o F. In.
Rubbish and soil, cereee e .... 1 @6
Indurated wacken in angular pieces of uniform arrangement, 10 6
Wacke changed by calcination into a species of puzzalana, 1 0
A thin black streak (rather remarkable)a vegétable deposit,
dianged by calcination, so as to disintegrate and fall to pieces » 0 3%
itwater, = -..... ... e e
' Awhite, hard, earthy limestone, sometimes effervescing weak-
lywith acids, sometimes not at all ; small yellow specks of cal-
cakous spar are seen in it, 'and oceasionally a concretion of a >23 0
punlish grey colour occurs, violently affected by dilute mutriatic
aciab,  ...... .

oooooo LR Y ‘..‘J

s Wacken
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, F. In.
Wacken with fibrous carbonate of lime and ditto-in veins with ). 7 0

calcedony, ceee
An amygdaloidal wacken similar-to thetoadstoneof England, 6 0

o Totalto the water, 40 34

The djfference in depth- that-oecurs in the vallies, before. the water-is,
attained, arises from the form of-the vallies being. always concave, and:the
basaltic black mould deepest in the central parts. The soil, whatever is
its oécurring,» thickness,. must be. piierced; and-also the indurated wacken.
or basalt, which ever it may be, and. then the water is found resting on-
wacke’ clay or amygdaloid.—The sand-stone keeps up the water even:to®
a higher level than the amygdaloids of the vallies;—and the occurience
of either of theserocks forms all the phenomena of water in these distiicts.

Proceeding from the centre of the cantonments of Sdgar, and travel-
ing: westward, you descend and .cross the flat, which is the general parad-
ing: ground; and at-its confines, you come to a small isolated rise of sand-
stone ‘on your right; on whieh is built a bisak godown andia bunga‘low,
and on theleft-aridge, a branch from the sand-stone forming the basin of the
Sdgar-lake ; passing.the tewn, and-a little beyond the wall on the westere
side, a rivulet is crossed; then the.road leads by. a gentle ascent fo'
two miles, to a-low- swell of trap, through a gorge or opening in' which yat
enter the valley of Bapyley and find a'trap range close on your left, and:
one of sand-stone:on your righit, five or six hundred yards removed, forn-
ing the southern and northern sides of the valley. This valley is the pric-.
tice ground of the Artillery, and must be at least three.miles in length.

At the western extremity another range of sand-stone occurs, either end of
vhich
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which range is within view, though it is elongated N.and S. to some little
extent. A high rugged romantic hemmock, capped, in :a picturesque
manner, with a disproportioned mass resembling a rocking-stone, is join-
ed by a low neck to the main sand-stone range here, and Partly on the de-
clivity of the maip sand-stone, and partly on the low neck is situated the
village of HBapyle; opposite the hummock, only separated by a ilittle
broader space than is occupied by the intervening road, thetrap range,
the southern boundary of the valley, comes to a point, where is ‘seen the
lime-stone, and the flesh coloured cherty matter, forming :a ‘belt round :the
base of the hill, and lying about in large whitish and greyish .masses.—
The trap range does not expire at this point, it merely, imstead of conti-
nuing as it had done heretofore in an east. and west divection, tarns sutl-
denly to the south, amd sweeping round do the west again, dorms by so
doing another large valley, along the morthern side of which you proceed
on tle route after teaving Bapyle. The viver Dasdon is crossed at ‘Sehorah,
thirtten miles from Ségor, and them Gimharieh, another village oceurs,
the vhole way being on the trap, and the road at a ilittle distance from
the trap and sand-stone hills, until ‘at length you ;grallvally ascend the
sandstene hill of Ratgher, twenty six miles drom Sgar.— Thishillis-wedge-
shapzd, lengthened eut east and west,and at ‘the west.endthe fort is placeil
on the brink of a high perpendicular chiff, at the base of which :cliff fows
the Bina towards the morth. Te ‘cross the Bina you deseend the :ridge
« sand-stone before you reach ‘the fort, turn out -of the village down:'to

tae right, or northwards into the low :ground. The. ford of the stream

infilled with large masses of sand-stone, and is ‘to the -traveller, par-

timlarly at might, very troublesome to pass.-—After gaining the-west bank

fouteen miles over an undulating tract, having a gentle -ascent, brings

youto Bagrode, where commences a trap range on the crest of wlhi¢h

youproceed to within three miles of ‘Garspur. During this: course. 'you

see ‘o your right a very extensive /plain, ‘studded -over with twp, ‘and
sand-stone
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sé.nd-stone hills of various forms and aspects, and among these the remark-
able sand-stone hill of 7Teonda, with its summit presenting the appear-
ance of a hill fort wall, with its buildings within. The route by Teonda
from Ratgher to Bilsa is often taken for wheel carriages, to avoid the
pass of Garspur. This pass, the summit of which is about three miles
from Garspur, occurs in consequence of the road descending the southern
side of the chain, the crest of which it had hitherto occupied in an east
and west direction. The chain too here becomes forked, one limb stretch-
ing south west in a straight line, though not with perfect continuity of
existence, to near Raisen, the other proceeding directly west to the Betwa.
In the angle thus formed the road descends diagonally, and is extreme-
ly rough. It is covered, from the highest part to the lowest; with large
globular and angular masses of compact and amygdaloidal indurated
wacken, of a black celour, whilst the enveloping clays, in some parts
of the line of descent, appear yellow, in others a dirty reddish brown; and
there likewise occur at least two strata of the characteristic hard vhite
lime-stone, the one rather above the centre, the other near the bottom.
At the bottom or base of the hill there are collected innumerable masses
of the same black boulders as belong to the hill, intermixed with pieces of
black horn-stone shewing veins of white quartz ; also knobs of indurated
clay, or semi-formed jasper of a yellow color, or yellow and green two
colors ; botryoidal and mammillated lumps of a yellow horn-like chalcedony
decaying, and variegated by the green earth contained ; geodes of a pseuds
| amethystine quartz, often filled completely with confused crystallizations
of the same, intermixed with balls of either a yellow, or pure and trans
parent calcspar; thin tables of quartz ; small flattened pieces of commam
chalcedeny ;—thin tables of quartz, white and opaque alternating in lay-
ers with chalcedony greenish grey and translucent, and coated exter-
nally, on the flattened sides with crystals of quartz small and brilliat,
and ower similar siliceous and calcareous matter, (the latter not sepaate
and

EN
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and alone,) such as once probably was more intimately connected with

the amygdaloids, and which now for ages have in the main resisted the

force of time and exposure. The moment you are clear of this fallen mat-

ter at the foot of the pass, you step on the sand-stone, which is exposed
to-day in the whole axillary part, the bounding trap ranges resting upon
it. It is uneven, much covered with fragments; swells and hillocks ap-
pear upon it, and amongst these that on which is placed the village of
Garspur, higher than the rest somewhat, but not so high as the coﬁtigu-
ous trap. It is situated about a mile and a half from the foot of the pass,
and it possesses some little length, or at its foot the road runs about half a
mile, in a W. S. W. direction. After leaving the red ground, and coming
on the black soil again, the sand-stone still continues to attract occasional
attention, protuding up through the trap, until you have passed the dis-
tanceof four miles. From this point, for twenty miles, there is a general in-
clination of the trap land to the Befwa, the hills being farther, and farther
removed from the view, as you advance in the large open cultivated plain,
at the W. S. W. extremity of which stands Bhilsa on the east bank of the
Betwe. Here the sand-stone occurs as a large plat of some hundred yards
diameter, generally even with the trap ; but in the central part, it sudden.
ly rises up, and forms a curious clump about one hundred and twenty feet
bigh and flat at the top, where there is just sufficient area for a Mos-

lin tomb, and another small building or two, remarkable in the distance
fiom their white appearance. If Bhilsa be taken as a point, and a radius

oisix miles swept aboutthe west bank of the Betwa, it would every where

pass over sand-stone hills ; they are much clustered thereabouts. Khana-

kesh where is seen a very anciently sculptured rock is situated amongst

thenq ‘The town of Bhilsa is placed on the east bank of the Betwa,

betveen it and the solitary sand-stone rise alluded to. In a N. W. direc-

tion a bed of iron clay slopes off this rise, so that the Betwa and the

Bhei:, which joins the Betwa a little northward, cuts through it, and the

T angle,
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angle, formed by the junction of the rivers, is occupied by it; but, after
having gained the west bank of the Bheis, it is soon lost, The road
now continues on the trap, the hills for six miles being solely of sand-
stone ; more west than this it is merely a trap plain on which oc-
curs Kamkera, twelve miles from Bhilsa. Beyond Kamkera, the route
being now to the northward of west, the plain still continues for five
miles, and then you ascend and cross a range of globular trap hills, dise-
tant from Barsia ten miles, with nothing remarkable in the interval.
Barsia is on a large moand of amygdaloidal iron clay, sterile and bare
in some parts, apparently highly productive in others ; in the immediate
vicinity of the town it is gravelly and red in aspect. Four miles in ad-
vance, or at Rdnagerké, this clay again presents itself, rises even to the
rank of an ore, and is as such worked, -and the produce sold sufficient for
the purposes of the bazar of Barsia. Immediately around Dumders
. the sand-stone hills shoot up. Kelukera, sixteen miles from Berswa,
is on the trap ; the Sumera, a small stream, winds about the village,wash-
ing out its way through large blocks of wacken and basalt. The ‘ort is
built of egg-shaped masses of the latter, truncated at one end, which end
is set outwards, something like the flint with chalk to be seen in some of
the ancient houses of Hampshire, such as Chawton-house and Farleigh
WaHop, though the stones here used are four times as large as a comr
mon - flint. Between Kalukera and Narsinhgerh (a march of feurteen
miles) you pass the Parwa and Pirdati, only worthy of notice as shev-
ing in their beds the trap and basalt covered with a whitish coating, aid
cracked in to various prismatic shapes. The sand-stone range at Narsisk-
gerk runs directly N. and S. beyond the reach of sight. The villagyis
situated in the deepest part of a circular hollow formed by the paxial
winding of the hills, and the trap has there found its way, though a Inse-
ment of sand-stone completely occupies the narrow throat or entmnce
over which the road leads imto the hollow. The trap is comﬁosed ofballs

decomposing
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decomposing ‘of the concentric lamellar kind, and the water in a well,
where this trap was identified, was fifteen' feet from the surface in the
manth of June. Rising out of this hollow you go up a very long and steep.
ascent -of sand-stone, and when the crest of the hill is.gained, there is but
a trifling comparative descent on the west side .to reach the trap. The
space between this and Bhopalpur has nothing of interest, -the country is
more undulating, and more .apen, hills and -hillocks are less seen. The
Kassa and Dida rivers, occurring before you reach Blheinsa, differ no-
thing from the Parwa and Pdrbali, naither does:the Newas in advance
at Bhopalpur. Tt is fifteen miles from Narsinhgerk to Bheinsa, .and ten
anore brings you to Bhopalpur on the banks of the Newas, .and;to an ex-
itensive bed of basalt (the Rowley Rag,) not rising-above the,surface ; thirty-
six niles beyand:thispoint .in the \irection of Pgtan and Koia, i. e. at
Bhaita the trap formation ceases. It is seventy-two miles from Sdgar to
. Bhika, and eighty-two from Bhilsa to Bhopalpur. Inthe first part the
wallies and low lands are generally pretty well. cleared and cultivated ;—
in the latter they are wild and their fertility neglected, they are.overgrown
with brush-wood and jungle, .and cultivation, at least aleng the line of
mardh, is only seen in small patches about the villages, jjust. sufficient for
the sipport of the inhabitants.

- Departing from Bhilsa :and taking the route to Hasandbid, the
sand-stone hill of Raisen.is met with at the distance of fifteen miles. It
& in shape like that of Rdtgerh, but the highest point is the .east.end,
and the fort is.perched upon it facing that quarter. It is very conspicu-
ow for many miles aronnd, and said to -have been built by the celebrated
King of Ayodhyd, as a place of refuge from the temporary anger of his
brether, and that the hill arose at his desire, but whether with the aid of
anigneous or aqueous power the upheaving was accomplished is of cqurse

" the question here requisite.- Banchor the next stage, asits :name imports,
' is
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is the entrarice to a dense forest of timber trees, crowning the summits,
and sides of a very long winding sand-stone range, upon which the
road passes through Chiklod, Kuliagerhi, and Akalpur, or a distance
of twenty-four miles, and in a westerly direction, and then turns south or
down the slope of the hills twenty miles, through Nezer Ganj and
Chouka to the alluvium of the Nermada. The road descending is ex-
tremely rugged, and occasionally slippery from the size and position of
the slabs, itis in fact nothing more than a water course: It is sixty-
eight miles from Bhilsa to Hasantbéd. The edge of the alluvium
is three miles from the Nermada. The sand-stone peeps to day at
Huasanébdd, and is seen no more. Fifteen miles over the black basaltic
mould or alluvium brings you to Petraota, where commence primordial
rocks, ending in the granite of Nimpdni, Shahpur, and Beitil.*

I ought to have stated, that the trap range branching off at Ga'spur,
approaches very near to Raisén, and at Banchor forms the e:stern
boundary of the small valley there ; and then after bending about, in a
southerly direction, and skirting the sandstone, it proceeds eastwarls by
the source of the Desaon, Sirmao, §c., forms, in fact, the southern
boundary of the trap formation as described.

Northwest of Sdgar, or in the direction of Seronj, and north, or in
the direction of Maltoun, still the country is precisely the same, excep!
in the latter case, the sand-stote hills predominate. Eastward of Siga’
the trap is at Sanowda,—so is it at Shakpur, or a march beyond, anl
ceases only near the nameless rivulet between that place and Pathariak.

North-esst
{

% Between Kaisler and the Bhora Nadi there is coal, The Towa Nadi should be follow:d to
#8 wourte, of until it is shewn from whence it receives the éoal fragments found in its bed.



THE SAGAR DISTRICT. 73

North-east of S4gar the sand-stone often appears, but only as swells
rising little above the general level. The trap prevails until you have
passed Sanwa, three miles and a half, there it ceases entirely, distant
from Ségar forty-five miles. From Saswa east to Sdtpdra and Pancham-
nagar in the lias, it is not more than nine or ten miles, and these places
are about the same distance from Hirapur, due north of them. A section
made from Hirapur. to either of these places, and from them to Sanwa,
would be highly interesting, and most probably establish clearly the
relations of the granite, conglomerate, new red with its overlaying trap,
and the lower lias. o

Where the trap céases, it does so abruptly. It possesses a vertical
thickness of about sixty feet, and it has been cut down to make the slope
easy for the road. At the foot of this short pass, which is still very steep,
is the sand-stone supporting the trap ; and this: sand-stone is not now a
hard, glassy, difficultly frangible, splintery substance ; it is become a fine
graired, white, saccharine mineral, with a flat even fracture, coloured ex-
ternaly a light red:; and with the exception of one fall, about half a mile
after leaving the trap land, it presénts a very-even surface, its blocks be-
ing freed of debris forming a pavement base for the road, a distance of
four niles ; the sides of the read meanwhile, shewing much overlying loose
matter with long grass intermixed, and occasionally trees, as you advance,
approaching more and more to something of a’timbersize. Only one
small hamlet presents itself distant from the road side on the right hand,
perhaps a mile. . At the expiration of this wild flat, three hills are crossed
in succession, composed of the sand-stone masses, rather sparingly and
locsely set together in much red clay, and quartzose matter, and covered
very densely with jungle and forest wood. These hills are of no great
height, but being separated one from the other by ravines or water-courses,

they are short, steep, and troublesome at the points of separation. From
] ' the
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the verge of the summit of the last hill, which summit is more than a
mile in breadth, you look down, over an intervening conglomerate range,
into the valley of Hirapur ;—and on descending from the summit, within
one hundred yards from the base, speaking as to the line of road or slope,
not to the vertical height, you see the new red sand-stone reposing, in a
horizontal position, on a stratum of brownish black ferruginous clay, and
earthy iron ore of the same colour.—Was not the sand-stone to be seen
actually reposing on the stratum just mentioned, still that a change had
taken place no one could fail to observe; for the ground, from being
bright brick red, suddenly changes to a brownish black, with a harsh
gritty gravelly tread, as if you were in the neighbourhood of some great
foundery ; and so it continues to the base of the hill, and onwards along
the low ground as far as the conglomerate hills. These conglomerate hills
surround the whole valley of Hirapur, and are heaped up immeditely
on the granite from whence they are derived, or else they rest on 10rn-
stone petrosilex. The individual hill at the south-west point, o: the
neint ge which the road enters the valley, is not more than two huadred
y. sgemoved from the base of the sand-stone hill,—only separated by
a small hollow or curviture, strewed over with lumps of iron ore and yieces:
of quartz and felspar, &c., but not a fragment of the new red. The com-
ponent matter of this conglomerate hill, as well as all the rest around the
valley, is a sombre, dark red coloured clay. -enveloping variously formed
large masses, the conglomerate, or Breccia proper, made up of angular
pieces of white felspar, and oecasionally grey pseudo limpid quartz, sel
dom less than an inch in size, agglutinated by a highly indurated cement
of the same sombre ferruginous clay just noticed ; or the paste is still hard-
ér, common quartz discoloured by the oxide of iron. From the conglomerste
boundaries to the céntre of the valley, the granite every where is open to-
day and laid bare; it rises also in the centre, sinking towards the bound-
ing hills, and iron ore is strewed about all over those hills, and at their
feet,



THE SAGAR DISTRICT. 75

feet, even on. the granite. The form of the Hirapur valley is oval; its
longest diameter is from west to east, and it is in that direction about a
mile ; from south to north it is not more than a quarter of that distance.
About the centre, or perhaps a little to the westward of it, isa large pond,
on the north bank of which is the village, and near it, or on the ‘east side,
a small square Gerki or Fortlet. On two mounds of granite near the
Gerki, also on a swell of the same on the south edge of the pond, no
where else, masses of gneiss, some half dozen in number, are stiék-ing up;
which, from their slab form and slight inclination, oddly and much resem-
ble old tomb-stones in a church-yard. Both the gneiss and the granite if
they have any inclination dip to the S. W., but of the conglomerate, it
being a heap of clay and large stones, nothing very satisfactory can be
said ; here and there, amongst the rounded and angular masses, one or
two lirger than the rest, would seem to stand up, conforming in -position
to tht gneiss, with their broader sides something sloping to the same
quarbr as: the granite, and the gneiss, viz. to the S. W. This sketch
brings the trap and sand-stone to their N. Eastern limits. '

At Hirapur is seen the granite, capped by heaps of ferruginous- con-
glomerate, which conglomerate is connected with a stratum of iron ore, on
which the new red sand-stone is seen to repose :—All this within the space
of a. few hundred yards. The new red sand-stone, from this point, conti-
nues, i the direction of Sdgar bare, and exposed, freed-from any overlying’
reck, a distance of six miles, or to where it is met by the trap, when for-
forty-five miles the two together progressively increase in height, until at
Ségar they have attained their greatest elevation; or are at least one thou-
sand feet higher than the spot, where the just noticed connection com-
merced. If a line be prolonged from: Hirapur through Bhilsa to Ha-
sandbdd, or that quarter of the compass towards which the primordial
rocks at Hirapur- weuld seem to dip; such line will have in italmost all

the
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the principal points, where the sand-stone protrusions are entitled to the
rank of hills, and where they are more elongated individually, and more
clustered together; for instance, Dhamiini, and Maltoun, Gherpéra, and
Sadtgerh,— Bapyle, Rétgerh,—Grispur and Bhilsa.—The eastern edge of
the sketch, as stated in the commencement of this netice, is where the thin
covering of the lower lias lies on the upper portion of the new red rock
series, viz. clays, marls and calcareo arenaceous sand-stones, tender and
often variegated, and it is desirable to note in particular that such is the
case. At the descent to Zendukaira, or -at the S. E. carner of the trap,
it is a sand-stone rock ; but the connection of this rock, with the subjacent
matter. along the south boundary, is concealed by the basaltic alluvium of
the Nermadd interposing. The western limits join the trap of Maluz, and
therefore itneed only be added, that I bring the sand-stone as far wast as
Narsinhgerh. Aloug the north side probably there is sand-stone the #hole
length, it certainly does reach up to Maltoun, and forms the bouading
rock thence to Hirapur; and iron ore occurs at many points in thet line
similar to what it is at that particnlar spot.

To conclude:—The rock about Sekore and Bhopal is, upon gool au-
thority, considered as similar to that of Sdgar; although there was infor-
mation given, that rock salt was there produced, and of course the mind
conceives Gypsum, &c. as equally existing, or in a word, that the superior
portion. of the red marl formation was to be found west of the somewhat
diagonal line pointed out; but the aecuracy of this last report is at pre-
sent to be doubted, more particularly, as Gypsum is only known in the S¢-
gar bazar as a production of Rdjputdna, and the salt chiefly used is that
of the Sambher lake, annually brought along these latitudes, and sold by
the Binjaris as far east as Sergija. - However be this fact, it is. with
the exception now noticed, that I wish to offer the sand-stone of the dis-
tricts described, from a general personal acquaintance with the whole, as

' remarkable
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remarkable for the great extent of range it possesses, for the unique ab-
stracted nature of the thing itself, and mode of occurrence :—It is ever the
same thing at every point of view, void of clays and marls, or any other in-
terstratification, it is the same identical mineral, protruding itself through
the trap, (where the trap overlies,) in large angular masses set together
horizontally without cement ;—a substance of apparent simplicity of com-
position, fine grained, hard, vitrified and brittle where it is localized in
the midst of the trap of supposed igneous origin, and a free stone of flat
even fracture beyond those localities. Highly micaceous and variegated
sand-stone slates occur in it in nests, or as continuous strata. The mas-
sive rock is itself also often bi-coloured, rarely many coloured. It might
be explained and named as the middle'division of its formation, but it is
not seen to rest on a conglomerate of its own, on the centrary, it is itself
seen at Hirapur, to rest immediately on a conglomerate incident to the
gramnte rock there occurring. '

The lime-stone of the trap is a hard white earthy substance, envelop-
ing 1 few small particles of a yellow calcareous spar. It occurs constantly
as acomponent part of the hills and swells,—not of the lower grounds,
unless as detritus, in small particles washed down from the hills, when it
interningles with the black mould, and then that seil becomes, from the
intermixture, remarkable for its fertility. It deserves attention particu-
larly for the semi-calcination, and sometimes more, which it would seem
to have undergone, and generally for its defiance of classification, and for
the jumble, and apparent dislodgement from original position, which it
now exhibits heaped up in the trap :—And, if with these considerations, it
be reflected that there is no oolite, no chalk, nothing in a word posterior to
lias, the hope may be indulged, that the chert and calcareous dendritic
fragments, occasionally found will, together with other to be substantiated

facts, eventually establish it as a continuous portion of the neighbouring
w - lias,
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lias, disguised; and displaced when the trap was erupted, or by that ex-
plosive.power and plutonic heat, which glazed and. hardened the sand-
stone rock.*

- As to the trap it is here a very extensive ‘deposit, ‘though' still: but
part of a whole. All its rocks are basalt, or matter of near alliance with
it, and composed principally of hornblende and felspar in an earthy state.
It is altogether an earthy deposit ; varieties of green-stone, or- basalt, or
any rocks of a distinct crystalline texture are wholly wanting, and by
such deficiency so many others of - the trappean list are equally, it would
seem, not to be found ; and the idea obtrudes, . whether the circumstance
of a simple mineral, like this sand-stone described, being the inclding
rock, or basin, has not debarred :complexity, and preserved to the trap
singleness of feature and texture, and manner of being. . The color df the
harder basalt is either greyish black, or jet, and that of the softest kirdred
clay mottled greenish grey ; and all other varieties, as to induratin or
- complexition, vary between these extremes. In.the hills, the induated
masses have mostly their angles rounded, and appear heaped up togtther
with a variable proportion of wacke clay, added to which, there will beseen
frequently, a patch or lime-stone stratum, occurring nearest the base.
The base of the hills is invariably broader than the summit, and, f the
sides of a hill are smooth and even, balled trap or basalt, often a coacen-
tric lamellar variety, will be the principal component matter, decomposing
and decomposed into a predominating workable clay, still shewing the
parallel converging layers. The smaller vallies appear much scooped, or

concave,

* The first noticing of the peculiarities of the lime-stone is due to Captain FRANKLIN, and the
idea of the oolites and chalk is given nearly in his own words—but I am responsible for hazarding
publicity.
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concave, and underneath their black looking :soil . lies . wacken or basalt,
in form and size, about a cubic foot, disfigured, and often arranged in an
uniform manner. The globular wacken:and basalt. partially .supersede
this arrangement in the low grounds, but neither basalt, nor wacken, with
step-like uniformity, will ever be found forming a hill.. Some one or. other
of the amygdaloids, particularly the toad-stone, succeed the soil, -and com-
pact trap rock in the vallies, and they are often observed-occurring at.the
feet of the hills; but these latter, it should be remarked, are often merely
this globular trap, distinctly thrown up on a sand-stone basement, or flat.
Narsinhgerh remarkably shews the trap every where surrounded by
sand-stone, and the lake of Sdgar, on a larger scale, is a distinct basin of
sandstone with an inner coating of trap...Altogether it may familiarly be
depicted as a dark- superficies speckled with spots of red; the bird’s-eye
viewalso presents the thing as a net work sceme, the interstices being
formed by the numerous hills, and low chains of hills, winding about. No
suddzn brush of the ocean could have left such, remains as are here . seen,
and, unless the occurrence of stilbite* be decisive, there are no facts to
pleac for the aqueous origin of the trap, except the all-pervading.character
of its occurrence, and its possessing an axis or general line of bearing ; but
peither of these, indeed, plead exclusively' for it; whilst, on the other hand,
common observation here forcibly incline the mind to recognize an, oppo-
site tleory, and imagine the action of a globe of . compression, or rather of
a comnon mine :—The effort is made, and the entonnoir formed by the
more verticle rays sending upwards the stuff, and strewing it in heaps "all
about ; whilst those rays, that are more inclined, will either. compress, and
shake, or split, and penetrate according to the various natures of the

' .materials

* 1. has been said that the occurrence of stilbite is decisive of the aqueous origin which is the
reason why I mention stilbite being found. '



80 THE TRAP FORMATION OF

materials of which the sides are composed ; applied to the trap, it will thus
be an overlying rock, whether it be, as it is seen here, only on the surface,
or whether it occurs, as it so often does elsewhere, and here too perhaps be-
low the surface, interstratified, entangled, and in what not position in other
rocks. The works of after ages, by means of either agent,—the ocean,
for instance, acting through those ages, might have exercised denudation,
and disturbance, until only a portion of a more horizontal ray is occasion-
ally to be seen,"indicating an explosion somewhere, either proximate, or
remote from the spot :—a stratum,—a dyke or a vein occurs of no obvious
connection. If the simile of a mine be at all admissible, it may be carried
on and said, that compared with the solid contents of the globe, the pioduct
here seems to have been from a line of Fougasses continually workirg re-
sults through a long course of time; the ruin lies about, a small pertion
of which is a half calcined lime-stone, can it once have been the Zas ?
and the chert of Bapyle, and the small fragments occasionally found of a
yellow dendritic lime-stone, the only aids at present in corroborating the
idea? and the clays, the yellow and the deep chocolate, and the narly
ochres, are they the more unchanged matter, and the laterite an iron
ore disfigured and impoverished ? The cellular, or honey-comb lava-
like variety of trap occasionally is met amidst the abundance of other
kinds; whilst the sand-stone rock is, as a remains, shook and split
and vitrified, but not displaced or inclined :—The fluid matter seems
to have shrunk and sunk, and thus, in a great measure, arises the
phenomena of the trap in the low grounds, and the disrobed naked
appearance of the sand-stone islets, as if their clothing had slipt down.
But the incumbent waters by their under currents, not by violent agi-
tation, would seem to have rounded the masses, and further confused the
heaps thrown up, and, after the igneous agency had ceased to act, every
trace of the sphere of action would be by those waters quickly obliterated.
The small hummocks, which occur so often, and more particularly at the

ends
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ends of the hills joined by a low neck to them, are mostly amorphous, and
then composed of the harder materials ;—but often they are something
of a cone or a truncated cone, and their component matter soft. They are
here of no importance, having been, for ages exposed to day they have
become worn at length into that shape which best resists much further

demolition, and so now remain.

It is almost superfluous to add that no fossile remains have been

found by me.

The following is a summary of the fo'regoingAste't'cl‘x : The latitude
of Hirapur is-oocupied by a primitive.range, and so is the skirt of the
alluvium south of the Nermada; in the longitude of Udayapur will be
a western limit, and a granite range, crossing the Nermada at Jebel-
pur, and stretching northerly, forms the eastern boundary. This basin
elongated E. and W. formed of primitive rocks, has, in its interval or
hollow, the sandstone deposit, in some one or other of its forms, exhibit-
ed nearly throughout ;—obscurely as when scen through the trap, or thinly
covered with a coating of lias; or openly as in the hundzed aad ten milp
line from Sdgar to Jebelpur. From Udeyapwr, or the western limits to
the central part, Sdgar, the trap rocks blacken the surface, and. at Sdgar
they rest on the sandstone, which appears not to have mmch intermediats
between it, and the proximate primitive rogks. It is n continustien, apd
a sort of north eastern bend of the rock of the Malabar Coast from Bé?'oda’
as a point, and itself contains more, perhaps, than fifty-four thousand

square miles. -
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" On the Route from Baroda'to Udayapur, via Birpur and Salumbher.

' T

Br JAMES HARDIE, Eso. . - -
" Assistant Surgeon, M. 4. 8. :

¥

I~ this ' commbmmieation I do-not pretend to give a.correct geological de-
scription of the country’ through which I have passed.. This would be'an
undertaking of great difficulty and one which would require that our ob-
servations should be made on' a much more extended scale, and with a
far greater degree 'of minuteness ‘than Qﬁn"possibiytb‘e done by a tra:
veller, who is merely marching in & rapid manner from one point to ano-
ther. ' Such remarks, however, as the following, if they be correct; may
prove useful in as much as they afford an opportunity of comparing notes
with the observations of other travellers, and thus we may eventually
succeed in obtaining a pretty correct knowledge of the minuter Geology

of India, the general features of which have been already described by one
of your members. . |

From
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From Baroda to Birpur, a town of considerable extent, situated
about twelve miles N. W. of Li#nawara, and distant from Baroda about
“ seventy-six miles, the country affords little to interest the geological
observer. Proceeding by the direct route via Balasinur, and till we reach
the last mentioned town, a distaqce of nearly fifty-six miles, in a norther-
ly direction, we perceive nothing but a uniform expanse of alluvial soil.
We now; for the first time, observe rock formations and several gentle ris-
ing grounds give to the face of the country in the neighbourhood, a wav-
ed outline. Balasinur is situated on one of these rising grounds, and
the only rock which presents itself is a conglomerate, principally compos-
ed of agates and other quartzose minerals. - Some of the agates were of
considerable size. This rock is not stratified, and appears at the surface
in the form of large lenticular masses. :It'is perhaps a similar formation
to the cornelian rocks in the neighbourhood of Barra, but, as I have
seen no good description of these, I can only state this as a mere con-
jecture. ' *

Distant from Balasinur ten miles; still in a northerly ‘direétion,
stands the small village of Pandua.’ In its neighbourhood are seen seve-
ral small rounded hills or rising grounds presenting the  bare rock: at the
surface. On‘'examination I found that thése were composed of -different
modifications of granite. The first was a very close grained grey granite
composed of -greyish felspar, translucent quartz, and.dark colored mica
with hornblende, occasionally disseminated through it. This passed into a
coarser granite composed of large masses of reddish grey felspar, nearly
transparent quartz, and silver colored mica. 'Both the mica and quartz oc-
casionally appear crystallized, I could: not procure a hand :specimen in
which this was distinctly shown.  The ome: i my possession, and whick
shall be forwarded to the Society, is sufficiently characteristic in.as far as
regards the mica.  Some of the masses of quartz in this granite were

: upwards
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upwards of a foot square, and many of them nearly transparent, through
the substance of which prismatic crystals of schorl were seen to shoot.
. These rocks were not stratified. ' ‘

Birpur is situated ten wmiles N. of Pandua. Theroute for the first
five miles lies over the usual plain of Guzerat: we then enter a more hilly
country ; the hills, however, are very low and their summits are occupied
by a table-land. Birpur stands on an elevated situation, and the low
hills with which it is surrounded, are covered to a great depth, as may be
seen by the ravines and nullah courses, by an alluvial soil similar to that
of the plains. - Owing to this citcumstance I had no opportunity of exa-
mining the rocks in situ~—the stone used in building, and from the quan-
tity of it seen it must have occurred in great abundance in the neighbour-
hood, was a very compact quartzose sandstone, or rather a ferruginous
guartz of a red color. .From the appearance of the fragments it must oc-

cur distinctly stratified.

We had now left the rich and highly cultivated plains of Guzerat, and
had crossed the barrier of a hilly and jungly portion of this district, not
only the face of the country had changed, but the appearance and charac-
ter  of its inhabitants. Heretofore we had a rich alluvial soil, cultivated
by a comparatively speaking civilized, or at least a more peaceable people
—numerous thickly inhabited towns and villages were seen scattered over
it-it is watered by numerous tanks, and wells, and rivers, and ‘the coun~
try resembles more the richer portions of Bengal than any other part of
India which I have seen.. The surface of the country passed does cestain-
Iy not present much to attract the notice of the Geologist ; with the assist-
ance of boring instruments, . however, much valuable information. would,
no doubt, be obtained, and an interesting comparison might be dtawn
between the alluvial formation of this ‘district—that of Bengal—the

London
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London clay formation, and other similar formations both in Europe and
Asia. ' '

Whatever might have been the agency, or the succession of agencies,
concerned in forming the alluvium of Guzerat, it is abundantly obvious that
it could ‘not have been gradually formed by the debris of the rocks in the
-mountainous pertions of the district washed down by rivers, nullahs, &c.
From this source ‘a portion of it might, no-doubt, be derived. By its ex-
tent, its-depth, the high situation which this deposit frequently occupies,
(as at Birpur, just mentioned) we may learn that it must have been the

result of some more energetic cause.

The extent of the conglomerate formation at Balasémr, I had no op-,
portunity of ascertaining, nor do I know its relative position.with regard
to other rocks—it probably, however, rests on the granite which underlies
the allavium—might not these conglomerates be cotemporaneous with the
lower beds of the alluvial deposit, modified by some local cause, affording
a cementing medium to the loose particle, connecting them together and
thus forming a nucleus round which others would collect ?. This is a mere

conjecture.

The hills at Pandua, were no doubt, formed by .the -outgoings of the
underlying granite—a granite which appeared to me to belong to a very an-
cient variety—an.older variety indeed than any which we shall have occa-
sion to mention in the sequel of this paper. The crystalline nature of its com-
ponent parts—the transparency of its quartz—the whole appearance of the
rock, and the situation which it occupied, led me to dzaw this conclusion.

‘From Birpur our march lay through a hilly and jungly country to

a small village called Dewdri, six miles distant, in a N. East direction
Y . from
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from the last. The hills were ridge-shaped, and their susamits presented in
the distance a uniform and even line. Their slopes were covered with laosge
fragments of the wells composing them. The preponderating rock was
guartz, distinctly stratified. Om examining ‘a hill in the neighbourhood
of my camp, ¥ found the follawing series of rocks arranged in strata, which
were highly inclined and dipping towards the N. W. 1st, a rock of the na-
ture of quartz roek, of a greyish coler, and inelining to slaty structure—it
sgemed to be quartz rock passing into clay state—it wds very hard how-
evar, and was principally compased of quartz. 9nd, a ferruginous quartz,
of a reddish colon ; and 3rd, a pure white quants. The last had nothing of
a slaty structure, and, indeed, could not be said to be distinetly stratifred.
These three formed frequent alternations, the pure white quartz appear-
ing in the shape of a series. of unstratified beds interposed hetween the
other strata. : T o
. Ten miles distant from the last, i the same direction, stands the vil-
lage of Paswisa. For the first four or five miles the: country was cover-
ed with a thick jungle, and the line of march was enclosed by ridge-shap-
ed hilds which presented a bold and craggy-’outlm&the. rocks ferming
them were ;arranged in a highly inclined position, and consisted of differ-
ent modification of quartz rock and clay slate which alternated with, and
passed iunte esch other. Alfter having passed ‘a narrow Ghat, which though
steep, is not difficult, we entered an elevated plain, level and covered with
a thick and appavently rich soil, in many situations well eultivated and
oxer which are scatterred numerous fine trees. From the top of the Ghat
where the plain cemmences to Punwdra, s a distant of abeut five mibes.
In ascending from the plains of Guzeraé to our present situation, we
bave come at onee among racks of the oldest class, and we have: met with
sothing like any of the mewer varieties. We bave passed the western .
boundary
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boundary of the great primitive district Which forms a large portion of Cen-
tral India, and which traverses from N. to S. the whole of the peninsula,
being connected, indeed, at one point or anether, with all the great primi-~
tive formations which exist in Hindustax. . The rocks which as yet we
have seen might be termed, perhaps by some, ¢ transition.” In the pre-
sent instance I can see no use for this distinction. From the rocks which
surround us to the more decidedly primitive ones we can trace a regulaz
gradation. They pass into—and in many instances alternate with—each
other. In short every consideration poiits them all out as belonging ta
one grand series of rock formation as.the result of one generdl cause. -

In the deposition of a formation se extensive; a long period of time
would .doubtless be consumed, and though the precise period of their depo-
sition might be different in different instances—one being. formed when
the forming cause, whatever that might be, commenced to operate, and
awother when it was about to cease,—this, theugh il might modify the in-
ternal structure and appearance of the different rocks composing this for-
mation would.not justify us in including them under different classes.*

In the district of Kutek, towards the N. W. I believe, fraom specimens
whicil I have seen, that a series of rocks of a newer formation thdn ligs,
and fsom that apwards, may be observed. 1 drew this conclusion from the
very numerous fossil organic remains which many of these specimens ex-
kibited. These remains were shells belonging. to vasicties which have
been ‘ascertained to be characteristic of the newer elasses of rocks in

_other

* I am uncertain with regard to the nature of the rocks at Birpur. As I did not see these
in situ, I cannot say decidedly in what class they ought to be included —they, perhaps, belong to a
newer and overlying variety.
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other countries. Nothing of this kind can be traced here, however, and
from the paper of Captain J. STEwART, in the Bombay Literary Transac-
tions, the same remark may be made regarding the boundary of this great
formation on the route from Baroda to Mhow. '

On leaving Dawdri, we proceeded on the usual direction over the
level plain before mentioned, till we reached the Bhilpdl (i. e. a commu-
nity of small villages) of Hartina, whichis situated eight miles distaat
from the former. - We still found the surface of the plain:.covered with a
thick.soil. Tn some situation, however, small hills or rising'grounds were
observed which exhibited at their surface the outgoings of the inferior
strata.” 'These were as before quartz rock and clay slate, the latter was
now much more abundant than formerly. -Strata were still highly inclin-
ed and dipping as usual.

At this place (Hartina) there was a great scarcity of water, and the
Gosain of the temple of Ndthdwdra, had sent some; workmen to dig a well.
They had penetrated about thirty feet through the rock in a low situation,
and I had thus an opportunity, the first which had as yet offered itself, .
of examining the strata in the plain. I here discovered a distinct and
separate formation from any which I had seen during this march in a
series of overlying rocks. The first rock which presented itself, was.a-dis-.
tinct sandstone, with a clayey basis, and of a soft friable nature. It
was a variegated sandstone, with spots of a reddish color dispersed over a
whitish ground. Below this was another variety of sandstone of a more
compact nature than the last, and of a whitish grey color—it was a cal-
careous sandstone, effervescing with acids—the proportion of lime in it
was, however, very small. These two were arranged in strata which were
very slightly inclined.

These
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There can be no doubt, but that these rocks belong to a newer class
than any which we have yet seen—the extent of the formation I had no

opportunity of aécertaining—it probably occupies, at least, all the lower |

portions of the elevated plain on which we were enc;mped, the rising
grounds, as we have seen, being formed of the nearly vertical strata of
the underlying rocks. Nothing like organic remains could be traced,
though I examined with care the different masses which had been thrown
out by the borers. Through the above rocks a vein of quartz was seen
to pass—it gradually narrowed from below upwards till it terminated at
the surface, where it was about a foot and a half in thickness, the lowest
portion of it seen, being about two yards broad. The quartz was of a
pure white color and crystallize texture. It was not stratified, but pre-
sented the appearance of a number of rounded masses closely cemented
together—the Huttonian might say, that it derived this form from having
been ejected from below, the Wermrian, perhaps, that it had been a pre-
viously existing rent in the strata which had been filled up from above
by rounded masses of quartz derived from the neighbouring hills, and
which are seen strewed over the whole surface of the plain. The latter
is certainly the more probable theory, as the masses of quartz were ce-
mented together by a calcareous cement of obviously a posterior forma-
tion to the quartz. '

In which precise class of rocks, the above ought to be included, I
have had no means of ascertaining ; in their nature and structure, how-
ever, they resemble the rocks of the new red sandstone formation of Ja-
mesor, and I should feel induced to consider them as belonging to this
class. No rocks of a similar nature have.occurred to me during my
march, nor do I think that, in the country passed after leaving this, any
do exist, for in almost every situation the vertical strata appear at the sur-
face, it is more than probable, however, that the rocks examined formed

' z a
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a portion of a considerable formation which occupied the elevated plain
under consideration, and which might extend in a northerly and southerly
direction for a considerable distance. In Captain DANGERFIELD’s-map, a
¢« granular course limestone” formation is laid down, as running from
north to south the whole extent of his map, dnd passing in the neigh-.
beurhood of the plain in question. I have not seen any thing of this for-
mation, it is not improbable, however, that the rocks just described, may
be associated with it.

From Captain DAxGERFIEZLD'S map, it will be seen, that the communi-
cation now sent differs in many respects. In some instances, too, I suspect
that we have called the same rock by different names. His sandstones
and sandstone slates which he describes as skirting the western boundary
of the great formatiom, may be the same as the rock here described as ferru-
ginous quartzose sandstone, and his hornstone may be the stratified quarta
80 often mentioned in this paper. In some situations in Mewar, which I
bave ¥isited, he has described as hornstone the same rock which I here
call quartz—the very remarkable ravine which he mentions, as occurring
at the bund of the Udayaségar, I have often seen, and the rock which-is
found there, and which he calls hornstone, is exactly similar to a rock of
this part of the district, which I have classed with the stratified quartzes.
That it is not hornstone, commonly so called, I have no hesitation in
dtating, and I cannot help thinking, that the adoption of sach a name
might give an incorrect idea of the formation in question, and might lead
us to confound it with other formations. Where the quartz rock passes
into clay slate, it might, pethaps, be named flinty slate. I prefer, how-
ever, retaining the general mame of quartz, mentioning when it shall hap-
pen to pass into any other of the rocks, as for instance, into gneiss or
granite, or miea or clay slates, into all of which in different situations it
may be seen to graduate. Indeed, it appears to me, that the very large

’ proportion
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progiopian. .of quartz, beoth as an idgredient it the comhpownd bock dnd in:
afy mnmiked. form, is.a. ety striking feature in the geology, of this pertien
of Tnddia; .and one which ought not to be lost. sight. of..; k.shall take the
fiskt apportunity of forwarding to the Asiatic. Society specimens of the
recks found in this district, which, I trust, will bear me out in the opinion
which khave stated. In Captain STEWART'S account of the strata be-
tween Bareda and Mkow, no mention is made of any overlying recks on
the west side of the great formation, neither does the succession of rocks
laid down by Captain DaNcerritLD, appear to have been observed by

;.- By the above remarks, I do not wish to detract from the well earn-
ed merit of Captain DaNceERFIELD. We are indebted to him for much
very valuable information, but to make a perfectly correct geological map
of this part of the country would require years of minute investigation,
and in a climate like this could scarcely be effected by one individual-—
too much praise cannot be given him for what he has done.

-4 ~Preceeding in the usual direction, we reach the village of Pi¢, in
the. Dusgerpur district, which stands eight miles distant from the last.
Immediately on leaving camp, the country became exceedingly broken
akd uneven, and numerous small rounded hills were seen exhibiting at their:
smrface the vertical strata—quartz rock was still observed, bat clay slate
ﬁ&e.pmpondemting mineral. In a well near camp, in a low situa-
tion, clay slate was also seen. The clay slate was, in some situations, of
amose nature, and in others it approached to chlorite slate.

| Tel miles distant from Pit stands the Bhil Pdl of Ghdtah—for
the first three or four miles the country was exactly similar to that just

descgibed, the jungle then became thicker, the country more broken and
rugged,
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rugged, and, thoungh the hills with which it was studded were still low,
the scene was rocky and wild in the extreme. The hackery road, which
is tolerably good, passes through a narrow Ghat, I proceeded myself by
a higher route, winding along the edge of the ravines with which the
country was intersected, and passing over the tops of the hills. The
rocks were every where observed at the surface, and the almost perpen-
dicular sides of the ravines presented to the view excellent sections of
the strata. We encamped on an elevated plain surrounded by ranges of
low ridge-shaped hills. Since leaving Birpur, we have been gradually
ascending, and the ascent of the last six miles has been much greater than
usual. The rocks obscrved were different modifications of quartz, varying
in color from pure white to a very dark brown. The pure white variety
has not yet been seen regularly stratified, beds of it, however, alternate
with other rocks, and these beds are traversed in every direction by seams
and cracks, and have the appearance of being made up of a congeries of
detached masses, varying in size from two or three inches to a foot in dia-
meter, and closely connected together. The colored varieties are distinct-
ly stratified and are arranged in parallel layers, varying from an inch to
a foot in thickness. Their color depends on an admixture of the rocks
with which they are associated, sometimes in very small proportion, and
at others the proportion is considerable, many of . them, too, derive their
calor from iron—the dark brown variety is a ferruginous quartz, very rich
in this metal. Iron appears to be an abundant production in the country.
we have been describing, and several pretty good specimens of the magnetic
iron ore presented themselves. The above quartz rocks were seen alter-
nating with clay slates—in some situations soft and friable, in others
quartzose—and chlorite slate. The chlorite slate was first seen three or
four miles distant from Pit. About half way between the last mention-
ed place and Ghdtah, we passed a small hill composed of serpentine.
It was not stratified. The bed in which it occurred appeared, as far as
I



BETWEEN BARODA AND UDAYAPUR. 03

I could judge, of considerable extent, and in this part of the country I
know it to be an abundant production. It was of a greenish colour, with
a tinge of brown and grains of a metalic mineral, with a metalic lustre
were disseminated through it. This was magnetic iron ore.

The clay slates passing into chlorite slates were the preponderating
rocks, and in the neighbourhood of our camp these appeared to pass into
mica slate, small scales of mica being disseminated through them.

We now proceeded to Sagwdra, twelve miles north-east of the last.
The country on leaving Ghata, became more open, and, though still
uncultivated, was comparatively free from jungle. The line of march
lay over the tops of the small hills which were still very numerous, and
we had thus pretty extensive views of the surrounding country. "It pre-
sented a waved, or rather mamillary aspect, and several small ranges of
low ridge-shaped hills were observed. Mica slate, and mica slate ap-
proaching to clay slate, were almost the only rocks observed.

We next proceeded to Jaridna, a BFRil P4l, sixteen miles from the
last. The country was still completely studded with low rocky hills—
for the first three or four milés mica slate preponderated, after this the
hills were almost entirely composed of pure white quartz, in' which'
occasional scales of mica were observed, but these were rare. This rock’
every where appeared at the surface, giving to the scene a striking and
peculiar aspect, and were it not for a hot burning sun one would almost
be inclined to believe that the country was covered with snow. No other
rock made its appearance, except an occasional bed of mica slate of in-
considerable extent—many of the masses of this quartz were nearly trans-
parent and approached to rock crystal, and others had a slight rose tinge.
It was either compact or large granular, the concretions being about the

A2 size
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gize of a large bean: It oecurred stratified, and, though the strata were
not very distinet, the stratiform structure was sufficiently obwious. In
dip and inclination it agreed with the other rocks seea. The whole sur-
face of the country is covered with detached masses of this rock, and very
frequently immense isolated blocks, of several yards in diameter, were
seen topping the hills, and these, in many situations, were piled upon
one another in a very fantastic manner. In the nsighbourhood of eamp
was a group of conical hills, higher than the rest : these were formed of a
micaceous clay slate.

Proceeding onward to Jaifana, in the Udayapur district, the country
becemes more open, and plains of considerable extent are seen. There
were still, however, numerous small rounded hills, while others assumed
a cenical form and others were ridge-shaped. The preponderating rocks
were miea and clay slates, in which large beds of the white quartz occur-
red. Jajstane is six miles distant from Jarfdna.

, We now marched to Salimbhar, a walled town of considerable extent,

belonging to one of the principal Omrahs of Udayapur, and situated
eleven miles N. W. from the last. The mica slate,. during this march,
pasged into gneiss, in which beds of granite, some specimens containing
chlorite and hornbjende slate were observed. From Jaitana, a range of
hills were seen in the distance extending N. W. and S. E. Salémbhar ia
situated at the base of this range, which is connected with the one which
passes the Dhébar. The hills are genorally ridge-shaped, and sometimes
peaked, and thaese in the neighbourhood of the town are fortified.

In the nullah courses a very thick bed of knnkur, of a distinct rocky
structure, and indistinctly stratified, was observed. The kuskur forma.
tion now becomes very abundant—it is differently modified in different

: : situations—
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situations—it is sometimes soft and friable, at others it is more crystal-
line—it occupies the highest situations as well as the lowest. This for-
mation appears to me to be one of great importance, and, if examined on
a large scale and described with minuteness mYght lead to very interest-
ing results. When it rests upon the softer rocks, as clay slate, it is fre-
quently seen penetrating into their substance, the water which held it in
solution having percolated through the strata and deposited the lime in
the form of calcareous spar in their interestices, so that these rocks at
their surface are almost entirely converted into a calcareous rock, inat-
tention to this circumstances may sometimes lead into error. Iron pyrites
is very generally distributed through the mass, and rounded portions of
various rocks are found imbedded in it.

We next proceeded to Gingla, a small village, twelve miles north
west of Salimbhar. On leaving the latter town, the country becomes very
rocky and uneven, and exhibits the mamillary aspect so often alluded to.
On the left hand the DAdbar range was seen stretching north-west and
south-east, and other range of lower hills, running in the same direction,
was seen on the right. These hills are generally ridge-shaped, some
times peaked, and at others conical. The DhAdbar lake was seen wash-
ing the base of the rough and craggy hills on the left. For the first half
of this march gneiss passing into granite, generally of a red colour, with
occasional beds of hornblende slate and qua.rtz, wasseen. The hornblende
rocks then preponderated, and these and the granite rocks formed fre-
quent alt<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>