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PREFEACE.

In submitting the following pages to the
public, my object is to induce others more
competent than myself, to enter into similar
inquiries relative to the Geology of districts in
India.

I do not flatter myself, that my humble efforts
possess any intrinsic value. If they are found
to have any interest; it is derived only from
the importance of the subjects to which they
refer.

Geology has, indeed, become a subject of popu-
lar interest in every country in the civilized
world ; so much so, that it may now almost be
taken as the criterion of national intelligence
and prosperity.

A noble effort has recently been made by a
few eminent members of the Asiatic Society of

Bengal, (with their distinguished President, the
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Honorable Sir Edward Ryan, at their head,) to
remove the reproach to which British institu-
tions in India were liable, by adapting a
department of the Asiatic Society exclusively to
the cultivation of Natural Science.

A few months had hardly passed after this
chan@e, when a volume of Transactions issued
from the Physical class, that would do honour
to any Society in Europe. India, however, is
not a country in which new publications are
advertised in every village; and such are the
disadvantages of private individuals in remote
districts, that they often remain ignorant of
the existence of the most important works, until
some peculiar circumstance or accident presents
them to notice. I mention this, as an apology
for not having availed myself of some interesting
papers that have recently appeared in India on
Geological subjects, and which I had no oppor-
tunity of seeing, till my return to Calcutta.

There is one point that may require a word
in explanation, namely, that of having departed
from the practice of confining systematic deserip-

tions, to what are called simple minerals; but
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in a country so remote from the observations
of others, my object was rather to trust to
descriptions than to names.

Should a mere name, unaccompanied with the
description of the substance on which it is
conferred, be misapplied, the error would lead
to irremediable confusion. On the other hand,
descriptions admit of comparison with each
other, and with the things to which they relate ;
and by this means, correct not merely their own
errors, but also the erroneous application of
names : while they at the same time expose to
our view the nature and peculiarity of whatever
is submitted to them. It may therefore be
supposed that I was anxious to avail myself, as
much as possible, of systematic descriptions as
the only sure basis of inquiry, and I could see
no objection to their being applied, as well to
mountain rocks, as to the rarer minerals.

The labours which I here take the liberty to
submit to the public, are the result of a tempo-
rary residence in Kemaon, while on the regular
tour of duty with my regiment in that province.

Placed in Medical charge of two detachments,
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thirty miles apart in the mountains, with
occasional liability to be called into head-quarters,
fifty miles in another direction, I had frequent
opportunities of collecting information, that it
would have been difficult, if not, quite impossible,
to resist, and I am only ashamed to have turned
such advantages to so poor account.

There are, however, circumstances to be
offered in palliation of the numerous faults that
pervade this work. The first, 1s that of my
unexpected removal from the province, with the
troops to which I was attached, and the conse-
quent interruption of my inquiries before they
were completed. I still, however, hoped, that on
my arrival at the station to which my corps
was destined, I should there have sufficient
repose to correct and arrange my MSS. and
collections. A few days had hardly elapsed,
after a harassing march, when I found myself
under orders to join Dr. Wallich in Calcutta,
(from which I was distant 1,100 miles,) with
the view of proceeding, with that eminent

man, on a Scientific Deputation to Upper

Assam.
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The multiplicity of objects, connected with
my new appointment, appeared likely to engross
the short time I had to remain in Calcutta ; so
that I at first abandoned all hope of being able
to publish these labours, But the kind assurance
of Dr. Wallich, that the world, though a severe,
is yet a generous, arbiter in cases of this nature,
as well as the kind offers I received from distin-
guished individuals, to correct such portion of
the proof copy, as I might be compelled to leave
unprinted on my departure from Calcutta, have
encouraged me to submit the work, with all its
defects, to the indulgence of the public.

Having once commenced printing, my object
was to proceed with the greatest expedition ; so
as to accomplish as much as possible previous to
my departure from Calcutta. I was therefore
obliged to content myself with the inspection of
a single proof—a circumstance, which, without
great care on the part of the Printer, must have
given rise to still more numerous errors than
have occurred.

The indifference of Printers and Publishers

in general to the appearance of works in which
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they have no property, is such as to deter
authors from publishing, until they are enabled
themselves to superintend the press at leisure ;
but the solicitude evinced by Mr. Pearce, for
the works which pass through his haunds, is a
subject of gratulation to the Indian community,
and is not the least of those new facilities that

are now opened to the spread of literature.

CarcuTTAa,
August, 1835.
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ERRATA.

The indulgent reader is requested to correct a number of erraia
which have occurred throughout this work, kindly bearing in mind
the peculiar circumstances under which it went through the press, and
which have been explained in the Preface. The most important ones

are here pointed out.
Page 38, line 4, for * slates,’ read * slaty.’

L
L)
¥
L
n
¥
LE]
n

"

55,
115,
130,
139,
172,
178,
216,

264,
267,
340,
341,
356,
369,

5, for * quartz gypsum,’ read ‘ quartz and gypsum.’
o7, for * wol. VL., read * vol. VII.?

2, from bottom, for ¢ Goron,’ read * Goron.’
16, for ¢ clay-slate,’ read * slate-clay.’

12, for * catastrophies,’ read * catastrophes.’
y» 14, for ¢ inertia,’ read  inertise.’
v 13, for * slates,’ read ° slate.’
Jor ¢ Murinus, Cristatus,” and generally all adjective specific
names throughout the Zoological Catalogue,’ read * mu-
rinus, cristatus,’ with small, and not capital, initials.
16, after mineral, insert water.

9, for * two," read * three.’
11, for ¢ 1.009," read ¢ 1.0009."

7, for * 1.001," read * 1.0001.
10, for ¢ 1.001," read ¢ 1.0001."

3, from bottom, for ¢ Tarai,’ read * Taru.?






RESEARCHES

IN

THE PROVINCE OF KEMAON.

B ——

PART 1.

GEOLOGY.

CHAPTER L

————e.

INTRODUCTTON.

IT may be considered presumptuous to
take this opportunity of offering a few
remarks on the present state of Geology
in India: but as I have in my humble
sphere laboured unassisted in this interest-
ing field, during the greater portion of
my short residence in the country, I may
be supposed to know something of the
causes which here retard the cultivation of
this science.

B
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It is painful to reflect on the number
of years the immense empire of Hindustan
has been in our possession; and that to
this day we should remain as ignorant
of its physical structure as we are of that
of China, or the interior of Africa. It is
painful to turn over the leaves of mineral
systems, and to find such accidental speci-
mens as may have found their way from
India to Europe alluded to, as regards the
position from which they were derived, in
as ambiguous terms as are usually adopted
in explaining the source of those mysteri-
ous bodies called aérolites, which occasion-
ally fall from the clouds.

The labours of geologists, within the
last thirty years, have put us in possession
of a vast fund of information respecting
the physical structure of almost every part
of Europe, and a great portion of Ame-
rica; but of the continents of Africa and
Asia, we are still 1gnorant of a sufficient
number of facts to enable us to conceive,
even a general notion of their formation,
with any tolerable degree of accuracy.
The remedy for this defect lies with those
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who reside in foreign countries; for al-
though such persons may not be so com-
petent to convey information on difficult
subjects, as those who live in enlightened
nations, where a ready acquaintance may
be formed with all that is known on any
scientific question: yet it is to such sources
we must chiefly look for the extension of
geological science.  Governments are not
yet so liberal as to send philosophers to
every portion of the earth, for purely
scientific purposes; and philosophers them-
selves are seldom possessed of sufficient
fortune to enable them, and disinterested-
ness to induce them, to incur the risk of
losing both life and fortune even in such
a cause.

In the few instances in which British
governments have patronized the travels of
scientific men, the motives have been rather
the extension of commerce than the pro-
motion of science; and often so exclusively
so, as was calculated to defeat, rather than
to serve even the mere object in view; for
who can deny the impolicy of those frivol-
ous 1nstructions by which the traveller 1s

B 2
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generally embarrassed on entering upon
his mission, as 1if the interests of science,
and those of commerce were incompatible.

Thus for instance, when the natural
and artificial productions of Mysore were
required to be known, Dr. Buchanan was
directed to make the following the chief
objects of his researches in that country,
viz. esculent vegetables, cattle, farms,
cotton, pepper, sandal-wood, cardamums,
mines, quarries, minerals, mineral springs,
manufactures and manufacturers, climates,
seasong, and inhabitants*. A few years
afterwards, as if to shew the caprice with
which such muissions are devised, three
gentlemen were selected to survey the then
unexplored source of the Ganges, without
any other instructions than merely to
determine that geographical questiont: so
that it 18 easy to see, that under such
a system, geology, and indeed, natural
history in general, must be greatly or en-
tirely neglected.

* Buch., Lond., 1807.
1 Asiat. Res. 447-8, Lond. 1812.
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Monuments of a people, or the external
relations and mere connexions of rivers
and kingdoms, force themselves on the
antiquarian and the geographer; but the
researches of the geologist do not belong
alone to external nature : they must pene-
trate the surface of the earth, as well as
scrupulously trace, from the deepest valley
to the highest summit, the boundaries,
extent, and relations of every rock*. Thus
it 1s, that in geology, a greater effort,
mental as well as physical, 1s required to
produce a given effect, than perhaps in
any other branch of natural science. Hence
it 15, that geology is so incapable of being
advanced by studies in the closet ; and so
likely to be injured by careless or deficient
observations 1n the mountain : and hence
also, as well as from the practical utility

* M. J. C. Braun Neergaard, in his Memoir on the
most Proper Means of accelerating the Progress of Mi-
neralogy, read to the French Institute, 1812, observes :
“In Mineralogy we have not the advantage, as in
Zoology, of subjecting living beings to rules ; nor as in
Botany, plants, which, in dying, reproduce their genera
and species.”
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it promises, the reason why it requires for
its cultivation, in unfavourable climates,
the encouragement of governments, by
which the number of operators may be
increased.

To the characters of a mineral must be
added the extent to which it occurs in
nature, as well as 1ts connexion with, and
transition into, other substances, before
the description can be considered com-
plete.  To ascertain this, 1s generally
beyond the means of individual exertion ;
but by a judicious division of labour, it
might be rendered comparatively easy,
were residents in different situations to
describe the characters and relations of the
rocks composing the vicinities in which
they hve.

The fact 1s, this interesting and import-
ant science 1s of too laborious a nature
to be practised with the requisite zeal
under ordinary circumstances, by foreign-
ers, in tropical climates. The effects of
exposure to the baneful influence of those
climates are so fatal, that persons are little
disposed to incur any risk of life, beyond
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what 1s necessary for the performance of
their indispensable duties. Notwithstand-
ing these nearly insurmountable obstacles
to the successful cultivation of geology in
India, much might be done were the
requisite facilities afforded; and these, it
might be supposed, would not be altogether
withheld in a country which has been
celebrated since the earliest times for the
gold, diamonds, and other precious fossils
which 1t affords.

The first great step in improvement
would be, the organization of Geological
Societies in different parts of India, on
such footing as would render it a desira-
ble object to the ambition of scientific
men of all classes, to be enrolled on their
lists. In order to give them practical effect,
and to deprive them of the character of
mere amateur societies,their expence should
be borne by the state, and members thus
freed from subscribing aught but their
labours to their support. Libraries, con-
sisting of all the standard works on natural
history, should be furnished at the expence
of government, as well as all kinds of
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philosophical instruments and chemical
apparatus. Additional stores of this kind
should be supplied either to the public at

large, or only to the members of the
societies, at such low prices, as would
merely cover the expence of their import-
ation,

The importance of this may be under-
stood, when it 1s known, that the expence
and difficulty of procuring philosophical
instruments, books, &c. in the Upper Pro-
vinces of India, amount to an almost
total prohibition of them, thus causing a
perfect suppression of individual industry
in the cause of national improvement,
as well as of science. With respect to
those philosophical instruments in particu-
lar, whose only value 1s their accurate
adjustment, the submission of the purchaser
to the most exorbitant charges for them
seldom protects him from disappointment,
such as 1s calculated to induce him, if not
to force him, to relinquish all his efforts.

There 1s nothing utopian in the plan
here recommended ; the expence of books
and 1instruments for the libraries and
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museums, as well as of the publication of
Transactions, and other incidental charges
would be little more than nominal, while
the 1impulse which would be afforded to
the science of geology, would be attended
with practical and solid advantages to the
state. A principal Society might be esta-
blished in Calcutta, with branch institu-
tions, at each of the other presidencies,
including Ceylon, Singapore, and Canton.

In order that the more meritorious
members might be rewarded for their
services, as well as to secure the most
deserving individuals, to fill public situa-
tions, the whole of the appointments in
the departments of the Surveyors General
of the different presidencies should be
exclusively bestowed on such members of
the Geological Societies as were not other-
wise employed.

It may be said, that the Physical Class
of the Asiatic Society of Calcutta is suffi-
cient for all the purposes that are required ;
but the present state of geology in India
is a proof, that however useful the Asiatic
Society may have been in the promotion

C
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of other branches of science, it has really
done nothing in this; and I very much
doubt, if their Transactions up to a very
late period, contain one mineral description
that would be received by a systematic
writer as correct*. The objects of the
Asiatic Society are too comprehensive to
be of much use in the cultivation of geo-
logy : this science itself requiring a greater
variety of attainments in abstruse details,
than could be well discussed in a Society
devoted to general learning.

In support of this fact, it 1s only neces-
sary to refer to the Transactions of the
Geological Societies of Great Britain, and
compare what has been done by those
wustitutions within the last few years, with
the few geological papers to be found in the
whole series of Philosophical Transactions

* The period to which T refer is 1817 : since which
time, some late and much lamented authors, have
evinced their zeal in behalf of geology, by communica-
tions of great interest. The more minute, and conse-
quently the most important, portion of their labours
have not yet been published, and it is feared, will be

ultimately lost to the world from the defects in our
institutions here referred to.
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of London and Edinburgh. The Royal
Irish Academy is perhaps an exception
to the rule here implied; but if so, it is
owing only to the influence of Richard
Kirwan, the ¢ the father of British minera-
logy,” whose writings on geological sub-
jects attracted the attention of Europe,
and gave a bias to the Society over which
he presided, something like that which was
occasioned by Newton in favour of mathe-
matical philosophy. To the influence of
Kirwan 1s ascribed, the honour possessed
by the Dublin Society, of being the first
institution in the British empire to endow
a geological professorship.  Yet, notwith-
standing the interest evinced by already
existing institutions in Ireland in behalf
of geology, it has (I believe) been recently
deemed expedient to increase their num-
ber, by the addition of a Royal Geological
Society.

Betore the world became acquainted
with the labours of Werner, Bergman,
Scheele, Klaproth, Kirwan, and Haiy,
geology could not be called a science, and
its imperfect rudiments were then safely

c 2
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confided to Societies celebrated for general
learning. When however its objects be-
came defined, its importance pointed out,
and principles laid down and established
for facilitating our knowledge of the Natu-
ral History of the globe—for extending
our researches into the chemical nature of
the mineral substances, of which the crust
of the earth is composed, and their uses
in the economy of life: then did geology
present itself to enlightened nations, as a
science entitled to peculiar attention; and
Societies composed of the most eminent
men were suddenly called into existence.
Great Britain and Ireland alone can boast
of four such institutions : while our Indian
empire, although it occupies a portion of
the earth’s surface, about twenty times
greater, excites no interest or attention.

It is agreed by all, that mineral topogra-
phies of districts, by competent persons,
constitute the only way by which the
science of geology 1s to be extended.

Up to the beginning of the present
century, the English even at home were
sadly behind other great nations in this
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department of science, and from 1724 to
1799, nineteen works only were published
on the mineral topography of districts in
the United Kingdom.

In France, from 1750 to 1799, sixty-two,
and in Italy, thirty-six works on mineral
topography were published ; while Ger-
many and the rest of Europe contributed
to the world, two hundred treatises on the
same subject.

During the time the science of geology
was thus progressing in Europe, (as well
as in America, where twelve descriptions
of districts were published about the close
of the eighteenth century,) it may be
curious to learn what attempts were made
in India, either to improve the resources
of our new empire, or to extend the
boundaries of science. The papers on the
subject of mineral topography of countries
in the East Indies, up to the end of the
eighteenth century, are four*,

The first of these is by Johannes Ger-
hardus Konig, and is published in the 4th
volume of the Natural History Society of

* Dryander’s Bibliotheca Banlksiana, vol. iv. p. 12,
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Upsal, entitled ¢ Observationes Minera-
logicee, in India Orientali; e litteris ejus
excerptee a Joh. Jac. Ferber*.”

The second 1s by James Anderson, and
18, “ An attempt to discover such Minerals,
as correspond with the classification of
Cronstedt, and thus lead to a more exten-
sive knowledge of mineralogy in this
country, the Coast of Coromandel, 1797%.”

The third is by Carl Peter Thunberg ;
and was published in 1785, under the title
of ‘¢ Beschreibung der Mineralien und
edlen steine, auf der insel Ceylon*.”

The other i1s by Georgius Josephus
Kamel, and is found in the early Philoso-
phical Transactions, under the title of
““ De Mineralibus et Fossilibus Philippen-

sibus*.”

* Dryander’s Bibliotheca Banksiana, vol. iv. p. V2.
Konig was the pupil and correspondent of Linneeus,
and the founder of Oriental Botany. ¢ He was singu-
larly qualified for the employment he had entered into ;”
says Dr. P. Russell, (pref. Roxb. Plants of Coroman-
del,) * more covetous of fame than of fortune, he
persevered in his pursuits with an enthusiasm that set
bodily fatigue, spare meals, and a scorching climate, at
defiance.” He appears to have been supported during
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The question that now suggests itself 1s,
whether any thing has been done since the
period to which the history of the subject
has been already traced, in order to retrieve
the time that was lost in bestowing on
India, the benefit of more enlightened
views 1n regard to geology ?

his Iabours by a pittance from the Nabob of Arcot;
but three or four years before he fell a victim to
science, we are told in the same work, that the
“ Madras Government, with the sanetion of the Court
of Directors, made an addition to his salary,” i. e. an
addition to the sum allowed him by the Nabob: he
died suddenly before he had time to profit by his
labours.

Of James Anderson, we know little more than that
he was an eminent physician in the army.

C. P. Thunberg, afterwards knight and successor to
Linnseus, in the University of Upsal; a fellow of the
Royal Society, and of most of the learned Societies of
Europe and America.

Kamel, or Camelli, was a Missionary ; and probably
a native of Portugal. He made many valuable commu-
nications to the Royal Society about the beginning of
the last century, regarding the Natural History of the
Philippine Islands. He was probably the first® Euro-
pean who described the tea plant, and his name has
been bestowed by Thunberg, on a genus of plants
nearly related to tea.
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In the Anmals of Philosophy, for 1817,
(vi. p. 164,) we find the following, under
the head of “ Mineralogical examination
of India.” ““ It must be rather mortifying
to mineralogists, that the peninsula of
India, which has supplied the world for
so long a period with some of the finest
productions of the mineral kingdom ; and
which now, in some measure, may be
considered as belonging to the British
empire ; should, 1n a mineralogical point
of view, be still almost unknown. There
1s every reason to expect, that this defect
will now be remedied. Sir John Malcolm
has taken with him to India Mr. Laidlaw,
a gentleman educated as a civil engineer,
and an excellent practical mineralogist
and geologist, with the avowed intention
of examining the country. We may anti-
cipate from the labours of this gentleman ;
numerous discoveries which cannot but
prove interesting to the scientific world,
and of great importance to our Indian
empire, from the new sources of wealth
which they may disclose.”
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These were not the sentiments of a
common mind, or of one that was likely
to be swayed by any wvulgar or idle
motive ; they were the expressions of a
man whose long and laborious life has
been devoted to the investigation of truth.
They were the sentiments of the author of
the most comprehensive system of che-
mistry that has hitherto appeared in the
English language—it 1s only necessary to
mention the name of Dr. Thompson.

There 1s, however, a third person, whose
name is connected with these remarks,
and whose sincerity in this or any other
instance, God forbid I should attempt to
impugn. It may be that the triumphant
soldier, and successful politician, in the
midst of the busy scenes into which he
was hurried, forgot the humble, and per-
haps eccentric, man of science ; or aban-
doned him with all his faults and peculiari-
ties to strangers, who may have expected
to find ham all perfection*. Whatever

¥ The position of parties in this case bears some

analogy to that of Burke and his friend Barry ; but,

alas, how the great Indian statesman loses by following
D
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they may have been, it would be improper
in me to remark very closely, on the
unfortunate causes which led to the failure
of this talented, and once enterprising,
man, in the noble design he had formed.
I have said unfortunate causes: for such
must be considered, whatever may have
led to the frustration of a design, from
which India might have derived so much
benefit. Even this i1s not all that is, in
this case, to be regretted ; for in a country
where any advancement in science depends
on the enterprise, zeal, and assiduity of
individuals, rather than wupon a large
community ; the example of such a failure
1s calculated, justly or unjustly, to deter
others from risking, not merely their lives
and fortunes, but also their reputations,

up the comparison. To the forbearance of Burke with
the foibles of genius, the British nation is no doubt
indebted for these sublime achievements of the painter
that now adorn the walls of the Soeciety of Arts. Burke
saw that he must either bear with his friend’s peculia-
rities—that he must at least endeavour to improve them
only by gentle means, or that his country must lose the

benefit of his genius,
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in a cause which has not hitherto been
rightly estimated in India.

While allusion to this painful incident
in the history of the science is, in itself, a
powerful argument in favour of Geological
Societies, as the only sure means of deve-
loping progressively the resources of our
possessions ; 1t may at the same time be
the means of directing a case of individual
hardship, to the attention of those who
have the power, as well as the disposition,
to award such redress as the case may
require. That such a case should ever
have occurred, that an individual who
surrendered his fair prospect of fortune
and fame 1 his native land ; and at the
expence of asmall private fortune, perhaps,
equipped himself for a task of wvital
importance to India, should be heard to
complain of any want of liberality, calcu-
lated to induce him to relinquish his
design, i1s more than can well be conceiv-
ed: yet such would seem to have been
the case. For some unfortunate reasons,
1t was deemed expedient to withdraw all
pecuniary support from the gentleman

D 2
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who had entered so nobly upon the task
above referred to, and thus abandoned in
one of the most remote corners of India ;
a term of seventeen years have now passed
over him, without the means of even
transmitting his property to a place where
he might dispose of it, and by this means
return disappointed and ruined to that
home which he left under the brightest
auspices. A deep sense of the injury he
conceives himself to have sustained has
destroyed his confidence in man, and
suppressed the utterance of any complaint.
To those who think and feel, as become
the sympathies of our nature, this tribute,
to the living author of a great design,
will neither appear indelicate, or absurd ;
although his own wrath may be partly
anticipated, as the consequence of my
good intentions*.

* I must here express my obligation to Mr. L. for
the liberality with which he placed his valuable library
at my disposal, which as far as books were concerned,
left me little to complain of during the latter part of my
residence at Lohooghat ; but, unfortunately, I was too
much employed in practical researches at the time to
admit much reading.
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It now only remains to refer to a few
contributions regarding some of the mine-
rals and mines in Southern India, by Dr.
Benjamin Heyne; and our sketch of the
melancholy condition of geology, and
geologists, in British India, will be com-
plete. The following extract from the
preface of his work, which was published
in 1814, will shew what he had to encoun-
ter; and is a true picture of the mortifying
causes which still continue to thwart the
best efforts of private individuals, in the
cause of general improvement. I could
have wished,” says Dr. Heyne, ¢ to be more
particular in mineralogical and geological
descriptions, but found myself so often
at a loss for want of specimens to refer to,
that I have seldom attempted it; and in
general, omitted all such as I conceived
would not be found perfectly correct. 1
must here lament the loss of large collec-
tions, which I was obliged to leave behind
me at different places, during the latter
years of my residence in India, from
want of means to carry them with me in

the country, or of sending them to a place
of safety.”
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Since the time of Dr. Heyne, twenty
years of peace have nearly passed away,
without any new facility having been
opened to the cultivators of any one
branch of science in India---a country in
which all that 1s beneath the surface, all
that requires the exercise of the higher
faculties of the mind, 1n the practice of
the arts, is neglected-—-a country, of whose
riches we only avail ourselves, when she
offers them to us, on the surface of her
shores, or on the sands of her rivers. It
must now, however, be gratifying to find,
that the attention of Government 1s at
length directed to the important object
of public instruction; but still, let us be
careful that we do not mistake the means
by which this is to be effected---let us be
careful that we do not confound the mere
theory of science with its practice. Let
us therefore attempt to remove those obvi-
ous causes which directly impede the
performance of useful operations, rather
than bestow exclusive attention on ju-
venile schools; 1n which, under existing
circumstances, an education, without an
object, can only be given.
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Without pretending to be at all versed
in political matters, it appears to me to
be a maxim of common sense, that there
is but one permanent source of national
prosperity---that this consists in an indus-
trious cultivation of mnatural resources.
Where these are neglected, or deficient,
(the latter i1s perhaps never the case,) the
people are driven from time to time, as
exigencies occur, to supply their wants
and luxuries, by lawless aggression, against
the property of neighbours; and in such
a state of society, one province only
flourishes on the ruins of another. This
preedial spirit has prevailed from the
earliest times in India ; and on our suc-
cess in ultimately replacing it, by habits
of industry, in the practice of the use-
ful arts, our future security must mainly
depend.

When speaking of the mines, I shall
again take the opportunity of making a
few remarks on this important subject.



CHAPTER 1lI.

GENERAL DESCRIPTION OF THE DISTRICT.

BURMDEO PASS—ROAD TO BELKET—CHOURA PANY—
SNOWY PEAKS, THEIR PHYSIOGNOMY, THEIR ALTI-
TUDES AND INCLINATIONS OF THEIR ACCLIVITIES—
FORMULA FOR CALCULATING INACCESSIBLE HEIGHTS
—VALLEYS OF THE GOGRA—PHYSIOGNOMY OF THE
MOUNTAINS OF DIFFERENT ROCKS—GEOGRAPHICAL
BOUNDARIES OF THE DISTRICT ABOUT TO BE DE-
SCRIBED—MORE MINUTE OBSERVATIONS ON THE
CHARACTER OF THE MOUNTAINS COMPOSING IT—
SECTIONS INTO WHICH IT IS«+<NATURALLY DIVID.
ED—SUPERSTITION OF THE NATIVES—HUMBOLDT.

BURMDEO pass is eight marches, or
about ninety miles, from Bareilly, the
capital of Rohilcund, in a northerly direc-
tion. It is an amphitheatre resembling a
small bay, surrounded on all sides by the
most delightful mountain scenery, except
at a narrow outlet, where the great northern
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branch of the river Gogra emerges from
its paternal mountains, to pursue a more
placid course, through the plains of Rohil-
cund and Oude, until it joins the Ganges
near Ghazeepore. From Burmdeo pass
to Lohooghat is three marches; also in a
northerly direction : during the first of
which, the road lies acress a rugged group
of mountains, about 5,000 feet above the
sea, and composed chiefly of calcareous
grit stone, and slate-clay, and covered with
dense forests of exotic plants. Having
gained the summit of this group, a higher
range still intercepts the view of the Hima-
laya chain, and the path descends rapidly
to the encamping ground at Belket, which
terminates the first day’s journey. The
whole of the intervening space, between
Burmdeo and Belket, 1s uninhabited : a
few huts, or what are here called villages,
may be found on the higher elevations;
but the valleys, like the Tarai*, which

* A Persian term which means moist ; it is used in
this instance by the natives of India, to designate the
low belt of forest that extends along the base of the
Himalaya for several hundred miles.

E
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extends along the base of this group next
the plains, are uninhabitable for at least
s1x months during the year.

The second march is a continual ascent,
from Belket to Choura Pany ; a high ridge,
which may be considered to form the brow
of that elevated belt of alpine land which
extends along the base of the great Hima-
laya chain, varying in breadth from sixty
to ninety miles. It i1s here for the first
time, since entering the mountains, that
the snowy peaks burst upon the view,
with a magnificence which it would be
difficult indeed to describe.

From the encamping ground at Choura
Pany, the view is rather circumsecribed ;
but on ascending any of the neighbouring
heights, an uninterrupted chain of slender
summits are seen to extend, like a vast
white curtain, from N. W. to E.; and
considering the distance of the nearest to
be sixty miles, the extent of the chain
embraced at one view, cannot be less than
four hundred miles. The lowest altitudes
of this immense chain appear to be about
six thousand feet above the line of perpe-
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tual congelation, which in this latitude is
about twelve thousand feet ; consequently,
the lowest peaks in this portion of the
Himalayas must be somewhere about
eighteen thousand feet; while many of
the higher summits approach an elevation
of twenty-five thousand feet above the
ocean.

Careful attention to the changes which
the physiognomy of such mighty eleva-
tions undergo, is an object of the highest
importance; and was, I believe, first sug-
gested by Humboldt: but in order to
afford much interest in a moderate space
of time, constant observations of the most
accurate and systematic nature would be
necessary.  Without pretending to any
thing of this sort, I may refer to Plate I.
fig. 1. which I sketched as a general outline
of the chain, from one of the higher summaits
in the vicinity of Choura Pany. The
relative altitudes of the different peaks
were taken with a common Gunter’s quad-
rant, furnished with two sight-vanes,
and a plummet. On a subsequent occa-
sion, I made a series of observations on a

E 2
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few of the most remarkable of the same
peaks, from a situation about eighteen
maritime miles nearer to them: and a
mile N. W. of Petoragur, at an elevation
of six thousand feet; the following result
may be worth inserting.

Ist peak (a), (Plate L. fig. 1.) the most
remarkable of the eastern extremity of the
range; height 2° 45'; western acchivity,
24°; eastern declivity, 60°. It has con-
sequently an unsteady, or overhanging
character, as if it were about to fall towards
the east. Surrounding peaks; or those
that are subordinate to 1t, are pointed and
bristling.

2nd peak (0); height, 3°; western accli-
vity, 44°; eastern declivity, 55°; character,
pyramidal and pointed.

3rd peak (¢); height 3°; eastern acclivity,
20°; western dechvity, 50°, near the sum-
mit; character, wedge-shaped.

4th peak (d); height, 2° 45; eastern
acclivity, 47° ; western declivity, 51°; cha-
racter, resembling a dome.

The lowest snow at the apparent base
of the peak (d), 1°. 17. The same at the
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apparent base of the peak (). From these
kind of observations also a formula may
be derived for -calculating inaccessible
heights : the lower himt of perpetual
congelation being determined. Here, as
has been found by Webb and other travel-
lers, that limit 1s about 12,000 feet ; and
its height at the base of (), for instance,
was 1°; deduct the height of the place of
observation (6,000) from the height of the
lowest snow (12,000), and the difference 1s
the value of a degree of height ; accord-
ingly, the peak (/) must be somewhere
about 24,000 feet high*.

The hours of the day, at which these
awfully interesting altitudes are seen to

* Notwithstanding the confidence we are ever ready
to repose in mathematical rules in the elucidation of
the laws of nature, yet they are often as imperfect as
the limited observations on which they are founded.
Thus there is reason to believe, that the inferior limit
of perpetual congelation is much more elevated on the
S. W. acelivity of the Himalaya than has been assigned
to it, by Captain Webb. There is reason to believe,
that the inferior annwual limit of snow varies so amaz-
ingly, according to peculiarity of seasons, that a series
of years only would afford accurate calculations. See
the Chapter on Climatology.
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most advantage, 1s either before sun-rise,
or after sun-set; when their soft crimson
forms are barely relieved from the glowing
tints of the sky, by the golden Lights
that play along their varied outlines.
From the position at which these obser-
vations are supposed to be made, the
mountains which intervene between the
snowy range and the eye, vary in their
respective altitudes from six to twelve
thousand feet. The different branches of
the river Gogra are sometimes seen, but
often only heard, in furious torrents,
rushing down the river valleys, which
divide the mountain groups from each
other. The great valley of the Gogra is
seen a few miles to the east: the river
running from a north-easterly direction,
and receiving a large branch that comes
from the north-west. The north-eastern
branch, continues to mark the boundary
between the kingdom of Nepaul and the
province of Kemaon. The western branch
1s soon discovered to be formed of two
rivers: one of which comes from the
north, and the other from the north-west,
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receiving its origin in the mountains, east
and north-east of Almorah, in conjunc-
tion witlt the Pindur, or third branch of
the Ganges.

The valleys of these rivers, sink to the
depth of five or six thousand feet below
many of the adjoining summits; but the
general height of the mountains above
the valleys throughout the district, is from
two to five thousand feet.

The mountains are generally massive;
and differ in their more minute outlines,
according to the nature of the rocks of
which they are composed. Hornblende-
slate forms mountains, whose acclivities
rise abruptly, at angles of from 65° to 35°
with the horizon. Mica-slate and gneiss,
as well as clay-slate, present acclivities that
vary from 60° to 30,. The mountains
composed of these rocks are usually
wooded ; and their summits are round-
backed, undulating, or conical.

Limestone mountains are here charac-
terised on the great scale; by abrupt
rugged acclivities, mural precipices, lofty,
varled, and picturesque summits, cas-
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cades, and subterrancous streams, deep
ravines, and narrow inaccessible valleys,
transition clay-slate forms barren, round-
backed mountains; which are uniform
in their appearance, and intersected by
few ravines.

There 1s also a genus of rocks related
to the Dolomite family, which deserves
to be mentioned ; as stamping a peculiar
character, upon numerous mountains of
the district: they form lofty caps, and
shields ; usually disposed 1n saddle-shaped
strata, presenting smooth, and often
inaccessible declivities ; which are too
abrupt to afford, even vegetable exist-
ence, except to grass and lichen: while
ravines and low places, situated at the
base of such mountains, are strewed
with rounded masses, which have been
precipitated from above.

The district which 1s to form the sub-
ject of the following pages, 1s embraced
by the latitudes 29° and 29° 45’ N. Long.
79° 55" and 80° 20 E.; and lies on the
western side, of the river district of the
Gogra. Having thus defined the geogra-
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phical limits, to which only it is intend-
ed, that the following pages shall refer;
it may be proper to recapitulate such of
the foregoing remarks as apply only to
this limited space, and to add such
further observations, on the general cha-
racters of the district, as may lead the
way to the more minute details respect-
ing the rocks and minerals of which it
1s composed, and of the relative con-
nexion of these to each other.

It has been said, that the mountains of
certain rocks, as gneiss, hornblende-slate,
&ec. derive peculiar outlines from the
nature of their composition. These dis-
tinctive characters may even be traced
to more minute particulars. Hornblende-
slate, for instance, appears to have much
more effect, in resisting the destroying
power of the atmosphere, than -either
gneiss or mica-slate: the latter rocks may
therefore be distinguished from the former
one, by the numerous white patches of
naked surface, whose active state of
decomposition prevents the growth of
vegetable matter. The mountains of

F
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gneiss may again be distinguished from
those of mica-slate, by the overlying
masses of granite ; which have been de-
nuded by the decay of the softer rock,
in which they once existed as beds, or
central nuclei : enormous masses of this
kind are found throughout the gneiss
district, which extends from the ruins
of the ancient city of Chompawut, in a
north-westerly direction, probably for a
hundred miles: 1 have traced them my-
self for forty miles.

The valleys, formed by the different
tributary branches of the Gogra, divide
the district into sections. The first is
that deserted tract that lies between
Burmdeo pass and Belket. The second
1s 2 more important section; and extends
from the river Ludhoo, at Belket, to the
Ramessa, and is chiefly composed of
primitive rocks. A ridge of granite,
composes the centre of this section; and
forms occasional elevations of nearly
eight thousand feet. Gmeiss, hornblende-
slate, mica-slate, and clay-slate, are the
other principal formations, which occur
i this section.
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The third natural division 1s that
which lies on the north of the Ramessa
river, and between the rivers -called
Mahi Kali and Surjee ; -embracing some
fine, though small valleys, the principal
one of which is the valley of Shore; and
to avoid the confusion of names, it may
be proper to use this term to distinguish
the adjoming portion of the district.

Of the mountain rocks that occur in
the Shore section, primitive clay-slate is
the oldest, and forms the basis of this
part of the district, and ascends to eleva-
tions which are occasionally above 8,000
feet: primitive, transition, and floetz
limestone also occur in succession, and
bestow their peculiar stamp on the as-
pect of the neighbourhood. The moun-
tains are here more majestic than in
either of the other sections; each indivi-
dual, standing almost detached from the
oroup to which it belongs, and bearing
some well-marked character, which leaves
on the mind, an impression not easily
effaced. Thus we find, in the Shore dis-
trict, every mountain distinguished by

F 2
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some traditional name, derived from a
sacred rock, or ancient temple, which
usually caps the summit. At certain
festivals, crowds of the superstitious popu-
lation resort to these romantic caves and
temples ; and on more private occasions,
the solitary devotee often ends his life,
in the attempt to gain an almost in-
accessible summit, in order to mvoke
the protection of some grotesque repre-
sentation of the deity, to which the
mountain 1s dedicated. How foreibly the
selection of such localities, for religious
purposes, attests the influence of what 1s
awful in nature, over the mind of man,
even in his rude and nearly savage state.

““In the infancy of civilization” (says
Humboldt) “ high places were chosen by
the people, to offer sacrifices to their
gods: the first altars, the first temples,
were erected on mountains.” This remark
was suggested by his intercourse with the
aboriginal inhabitants of the Andes; its
accuracy 1s confirmed by the customs
that prevail among the Hindoos of the
Himalayas !
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The following table exhibits the moun-
tain rocks of the district, in the order in
which they occur, as well as could be
determined in so small a tract of coun-
try ; which, however well adapted for the
purpose, could enable no talent on the
part of the geologist, to construct a table
of the geognostic succession of rocks,
that would be found on more extensive
enquiry to be correct. On the contrary,
I expect to find reason, as we become
more acquainted with the description of
other districts in India, to bring into a
much more natural and scientific con-
nexion with each other, many rocks that
are set down here as distinet formations :
such as those siliceo-magnesian deposites,
described under the heads Common, and
Compact Dolomites, and Siliceous Oolite.
I must beg, however, not to be here under-
stood, as expressing a preference to such
general descriptions, as are not based on
the most intimate and minute acquaint-
ance with the nature and peculiarities of

the districts of which they profess to
treat.
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CHAPTER 11].

PRIMITIVE FORMATIONS—GRANITE,
GNEISS, HORNBLENDE-SLATE.

ON THE ARRANGEMENT OF MOUNTAIN ROCKS—OB-
SERVATIONS OF WERNER AND RAUMER ON THIS
SUBJECT AT VARIANCE—GRANITE—THE DIRECTION
OF THE PRINCIPAL MOUNTAIN CHAIN INDICATED BY
THE GRANITE—CONCENTRIC DISINTEGRATION OF
GRANITE—DESCRIPTION OF THE GRANITE OF KE-
MAON—GNEISS—ITS DISINTEGRATION AND CENTRAI,
NUCLEI-—THE DECAY OF GNEISS MOUNTAINS, AND
THE DESTRUCTION OF THE CITY OF CHOMPAWUT
FROM THIS CAUSE—THE RUINS OF CHOMPAWUT—
DESCRIPTION OF GNEISS RESUMED—SUBORDINATE
BEDS IN GRANITE AND GNEISS—HORNBLENDE-SLATE,
ITS GEOGNOSTIC POSITION, ITS STRATIFICATION,
ITS DESCRIPTION, ITS VARIETIES, ITS FOREIGN BEDS
—CHLORIT SLATE—PORPHYRITIC GREEN STONE.

IN describing a district, the geologist
has little to do with the observance of
any particular system, in the arrange-
ment of his subject. It is, perhaps, best
to follow no artificial method, such being,
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in general, foreign to the purpose of
practical geognosy; however proper and
essential when applied to cabinets of mi-
nerals. Werner, for instance, found in the
mountains of Saxony, that hornblende-
slate chiefly occurs in subordinate beds
in clay-slate; seldom in gneiss, or in
mica-slate : he therefore placed it in his
system along with primitive trap, and
assigned to i1t a position between primi-
tive limestone and the oldest porphyry.
In the Riesengebirge, Raumer found
the same rock to prevail to a much greater
extent than i1t had been found by Werner
in the FErzgeberg; and its geognostic
position was found, by Raumer, to be
between a kind of granite and gneiss : and
this circumstance induced him to pro-
pose a new arrangement of mountain
rocks. This was perhaps unnecessary,
as Werner did not consider hornblende-
slate as peculiar to any fixed position
with respect to other rocks. Be this as
it may, it is found in Kemaon resting
on gneiss, into which it passes on the one
hand, and into mica-slate and clay-slate
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on the other; and from the extent to which
it occurs, as well as from 1its position,
hornblende-slate appears to rank next to
gneiss among the mountain rocks that
compose the eastern frontier of the pro-
vince; a fact which i1s sufficient to shew
how 1nexpedient it 1s, to enter upon
inquiries of this kind, with preconceived
notions derived from arbitrary systems.

I shall for convenience begin with
granite, giving a history of this and each
of the superincumbent formations in their
order of superposition; and although the
plan will occasion some repetition, yet
it 1s hoped, that this will be of a less
objectionable nature than such as neces-
sarily arise out of the form of a journal,
in which travellers usually convey scien-
tific information of this kind.

1.—-GRANITE.

This rock is found at Choura Pany,
penetrating through gneiss, and form-
g a succession of elongated elevations,
which if not the loftiest, at least consti-

tute the basis of the highest district in
G
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Kemaon. Some little explanation 1s here
necessary to the right understanding of
the disposition of the strata generally,
which will be progressively developed in
the course of the descriptions of the
different rocks. The ridge alluded to
extends in a north-westerly direction,
for forty or fifty miles, but terminates,
or 1s obstructed, a few miles east of Choura
Pany, by the great valley of the river
Gogra. This range appears to be an
elongation of the Leti, Tirsal, and Dhana-
pur mountains, which form the eastern
boundary of the valleys in which the
Alacananda river arises; and may with
great propriety be named, in the language
of geographers, the principal mountain
chain : while the great chain to which
the snowy peaks immediately belong,
may, in like manner, be called the high
mountain chain. A better i1dea of the
relative connexion of these chains may be
formed, by the reader conceiving himself
placed on Choura Pany. On the south,
he sees the plains of Hindustan below
him like a mist, and distant about twenty
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‘miles; on the north, the high mountain
chain, or snowy peaks already described ;
and on the north-west, a succession of
elevated mountains are observed, extend-
ing from Choura Pany, obliquely, towards
the high mountain chain to which they
are attached : these constitute the prin-
cipal mountain chain, and this chain
gives off subordinate groups, which, on
the one side, pass in close succession to
the plains, where they terminate in a
line of steep declivities; and on the other,
these lateral groups intermix with similar
groups, given off by the high mountain
chain, and forming between them the
valleys of the Gogra. 3

This somewhat complex deseription
would not have been required, were the
chain of mountains to which it refers, as
distinctly marked by their altitudes, as
by their strata; but as this is not the
case, and as the whole province appears,
if’ superficially viewed, a mere chaos of
mountains, we are not to lose sight of
any Indications presented by their inter-

G 2
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nal structure, and particularly by the
strata of granite.

The granite, as has been stated, makes
its appearance only in the centre of this
mountain chain, in the loftiest places,
such as Choura Pany. It 1s stratified,
and extends in the direction of N. W._;
the strata are nearly vertical, and appear
to be composed of nodula, around which
concentric layers are wrapped, 1 the
form of newer and newer deposite. This
appearance may however be referred to
the effects of weathering, as it is only
observed on surfaces that have been long
exposed. A similar appearance has been
long since observed by Dolomieu, in
blocks of granite, in ancient Rome ; and
also by De Luc, in the granite mountains
of Silesia.

The colour of our granite is grey,
sometimes of a reddish hue, derived from
the felspar; but the usual colour is bluish
grey. The mass 1s fine-grained, and
resembles specimens I have seen of Aber-
deen granite: the quartz is crystalline,
but the felspar is dull and earthy. The
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latter appearance may be the effect of
exposure to the weather, as I cannot
depend on the perfection of the specimens
examined ; and from the great hardness
of the rock, I was unable to detach fresher
pieces. lIts specific gravity is 2.71375.

2. —GNEISS.

Gneiss reposes on the granite, in con-
formable strata, and the transition between
the two rocks i1s by imperceptible degrees,
so that 1t cannot be determined where
the one begins, or the other ends.

In the newer granite, the quartz be-
comes less crystalline, and of smaller
quantity, in proportion to the other ingre-
dients, until at length it disappears, so
as to leave chiefly felspar and mica, with
a very small portion of amorphous quartz.
The change renders the rock less com-
pact; and in this state it occurs at the
base, and on the acclivities of Choura
Pany; and from thence it extends in a
north-westerly direction, forming the prin-
cipal portion of the most elevated district
in Kemaon.
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Its course 1s marked by immense
denuded masses of granite, or more com-
pact and durable gneiss, as well as green
stone. Sometimes these masses are group-
ed together with remarkable order; at
others, the most awful confusion prevails.
In one place, a number of loose, uncon-
nected masses, are heaped one above
another, in the form of a cone : an instance
of this kind occurs near Dole, on the
road between Lohoogat and Almorah.
On other occasions, mountain masses of
enormous size aud globular shape are
accumulated on the verge of a frightful
precipice; and so nicely balanced in their
critical situation, that the slightest apph-
cation of force would be supposed suffi-
cient to precipitate them to a fearful
depth, with an effect that could scarcely
be contemplated. It may easily be pre-
sumed, that such scenes would be ascribed,
by ignorant and superstitious people, to
preternatural causes, connected with the
exploits of their deities ; and a celebrated
temple at Dhee, also on the road between
Lohoogat and Almorah, 1s naturally
formed between two masses of this kind.
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As to the origin of these stupendous
rocks, there can be but one explanation ;
namely, that they were originally contain-
ed as central nucler in gneiss; which
from a peculiar tendency to decay, moul-
dered into friable earth, and was removed
by the torrents, leaving the present masses
exposed upon the surface. Nor 1s thisa
mere speculation; for the fact is esta-
blished by numerous masses of a similar
nature, progressively undergoing the same
changes; and so rapidly do they take
place, that even human institutions are
sufficient records of the sinking and decay
of mountains. A most instructive and
humiliating 1nstance of the changes that
arve taking place in the physical, as well
as in the moral, world, is presented by
the ruins of Chompawut*, the ancient
capital of Kemaon.

The catastrophe by which Herculaneum
was destroyed, was but the excessive
operation of causes, to the effects of which,
certain countries were ever liable: such
also 1s the destruction of a city by an

* Now called Kalee Kemaon.
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earthquake. Visitations of this kind are
imndeed terrible to contemplate, but they
are generally sudden, and of brief dura-
tion. Not so 1s the silent and slow
destruction of a city, by the decay of the
rock on which 1t 1s erected : here the
horrors of desolation must necessarily be
protracted, and 1n the case of a people
who must have been more ready to ascribe
the catastrophe to a slow and vengeful
destiny, from which it were useless to
attempt escape, rather than to a law of
physics, that a better informed people
would have understood, the effects must
have been awful. Yet such appears to
have been the fate of Chompawut.

This city was erected on gneiss at the
northern side of Choura Pany, and was
totally destroyed by the decomposition
of the eminence on which it stood. A
few vestiges only remain, owing to the
accidental circumstance of their having
been erected on the more durable beds of
the rock ; but in other respects, although
built of granite, and probably intended
to endure for ever, scarcely one stone
remains on another.
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Whether or not there be any records
regarding this city extant, I am unable
to say ; but probably there are none. The
severe conflicts that formerly took place
between the Goorkah princes, can have
left few historical remains of fallen dynas-
ties. All 1 could learn on the spot was
that the last Raja, who resided at Chom-
pawut, fled with his court to Almorah,
in consequence of a dream. As many of
his subjects as could, followed him, and
the remainder settled in various parts of
the province. The fort, having been
erected on granite, still remains, and 1s at
present occupied by a Tesildar, or native
collector of revenue; but of the Raja’s
palace scarcely a trace is to be found.

There 15, however, the base and door-
way of a Chubootra, or balcony, remain-
ing, and it is supposed, the palace must
have been situated in the vicinity of this;
a belief that i1s confirmed by the numer-
ous blocks of laboriously sculptured
oranite, which are strewed on the sur-
face. The balcony is also of granite,
ornamented in the richest style of bass-

H
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relief. At the lower extremity of the
ruins, a fountain, and three or four
temples, remain in good preservation. The
temples are erected in a level area, about
a hundred feet square, which appears to
have been excavated mto the solid rock.
They are polygonal on their bases, and
about twenty feet in diameter, and
enclosed above by arched domes. The
fountain 1s a small apartment, about ten
feet square, and erected outside of the
quadrangles, in which the temples are
placed : these structures are of exquisite
proportions and beauty, and are entirely
composed of granite, ornamented in a
style of elegance and minute profusion,
that must have taken great labour and
taste to accomplish*,

* Qince the above was written, I had the honour of
an interview with His Highness Raja Gomaun Singh,
lineal descendant from the Rajas of Kemaon; and I
took the liberty, through the medium ofa friend, as an
interpreter, to inquire of His Highness, what informa-
tion he possessed regarding the antiquities of the
ancient seat of his ancestors. He was delighted to
find that any one beside himself felt interested in the
subject, and took a letter from his breast that he had
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Had T been permitted to finish my
researches in Kemaon, it was a part of
my intention to have made a full descrip-
tion of these antiquities. They are pro-
bably of a very early date: the present
inhabitants can give no account of them ;
and I found some remains of domestic
architecture, (also of granite,) situated on
the face of the mountain at the upper
extremity of the principal ruins. They
were quite overgrown with forests of aged
oak, that could scarcely have existed at
the time these edifices were inhabited.

While this brief sketeh illustrates the
change that gneiss undergoes, from expo-
sure to the atmosphere, 1t may also direct

that day received from the Bramins, whom he employs
to protect the ruins of the temples, although the coun-
try has long since passed from the hands of his family.
He said, if I wished it, he would send me a history of
his ancestors, in which I might find something respect-
ing Chompawut, but nothing whatever regarding the
origin of the temples, which surpass all antiquity. The
history of his family, he observed, was so long, that an
elephant would be required to carry it. He confirmed
the tradition of the dream, and supposed it to be about
500 years since the city of Chompawut was deserted.

H 2
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to the notice of others, the subject of
these interesting ruins, with a view to
their further elucidation.

The strata of gneiss run in the direction
of N. W. and dip 80° to N. E.; they
vary in thickness froin five to eight
feet, and contain foreign beds of granite,
green stone, iron mica, and micaceous
iron ore; also cotemporaneous veins of
quartz and felspar,

Specific gravity of fresh specimens
2:635. The mountains which are formed
of this rock are wusually rugged, and
covered with dense forests of oak.

(A) FERRUGINOUS SLATE.

The rock to which this name is given
occurs 1n subordinate beds 1n each of the
foregoing rocks.

At Choura Pany, 1t is found in granite,
in beds of a hundred feet thick. At
Dole, about forty miles north-west of
Choura Pany, a similar rock occurs, rest-
ing on gneiss. Its colour 1s blackish
orey, with lighter and darker stripes on
the surface of the cross fracture.
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It occurs massive. External lustre
glimmering ; lustre of the principal frac-
ture, shining, and of the cross fracture,
earthy, or glimmering. Fracture, slaty,
with a single cleavage. Fragments, tabu-
lar. It is semi-hard, inclining to soft. It
soils. Specific gravity, 2:384.

Physical Characters.

It has no effect on the magnet, either
before or after exposure to the blow-pipe.
Chemical Characters.

On exposure to the blue flame of the
blow-pipe, it slowly assumes a reddish
yellow surface. It gives to borax a grey-
ish green colour, inclining to greyish-
white on the edges.

This rock might be named a mica-slate,
containing a small portion of micaceous
iron ore, finely disseminated with very
fine granular quartz, common mica, and

fine earthy felspar.

3. —HORNBLENDE-SLATE.

It has been shewn, that the two rocks,
(gneiss and granite,) already described,
form the principal mountain ridge, in
nearly, but not quite, vertical strata : for
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a dip of 80° 1s invariably observed, bend-
ing to the north-east. This fact, together
with others which are yet to be observed,
renders it nearly certain, that a great
basin or trough, of considerable depth,
18 formed by the substratum, or funda-
mental rock ; descending from the centre
of the bigh mountain chain, and ascend-
ing again to form the basis of the princi-
pal mountain chain. This basin, it would
appear, is filled up partly by a number
of successive layers, of newer and newer
rocks, and these layers or strata are not
uniformly -spread over every portion of
the cavity of the basin; but they are
accumulated 1n particular places, and
thus form subordinate troughs, or valleys;
which have again been transformed by
succeeding deposites of newer rocks.
Hornblende-slate appears to have been
deposited chiefly in the bottom of this
basin; and to ascend only in small quan-
tity, or to disappear entirely on its higher
margins*. In these latter situations, it

* On the S. W, acclivity of the principal mountain
chain; or, in other words, the ascent from Belket to
Choura Pany, hornblende-slate is found, at the altitude
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‘either assumes a coarse granular structure,
and passes into gneiss, as on the southern
acclivity of Choura Pany, and into mica-
slate, as below Durgura; or it changes
into a very fine granular description of
clay-slate, asin the bed of the Lohoo river,
on the northern foot of Choura Pany.

It may be more consistent with the
nature and connexions of this rock, to
mmitate Werner and Professor Jameson, in
considering hornblende-slate, not as a
distinct formation, as described by Rau-
mer*, but as occurring only in beds; but
there can be no doubt that those beds
are of much greater extent than either
of those eminent geologists contemplated ;

of 6,000 feet, to change into the character of gneiss;
and in the course of this mountain acelivity, conical
peaks rise one above another. The centre of each peak
is composed of granular hornblende-slate, closely resem-
bling gneiss, from which it only differs by containing
hornblende sufficient to give it a greenish hue; while
the strata surrounding these centres retain the charac-
ter of hornblende-slate, until we ascend to the altitude
already mentioned, which appears to be that at which

hornblende-slate disappears.
¥ Annal. Phil. vel. vi. p. 478.
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and as the term bed affords too contracted
an 1dea of a rock, which composes an
extensive portion of a district, the incon-
venience might perhaps be avoided by
substituting the terms partial formation*.

The direction of the strata of horn-
blende-slate 1s ruled, rather by the direc-
tion of mountain groups, than by that
of principal mountain chains; or, in other
words, 1ts direction 1s subject to varia-
tion, arising from local irregularities of
the surface of the basin, in which it is
deposited. The dip 1s seldom less than
60°, and often as much as 80.

The acclivities of mountains composed
of this rock are usually rugzed and

* To Raumer, green-slate ocenrred resting on gneiss
and granite in the Riesengeberge; to Werner it occurred
in clay-slate. In Kemaon, it is found resting on gneiss.
To these we might perhaps apply the terms of first,
second, and third trap (or partial trap) formations;
but it is highly probable, that in a more advanced state
of Geological Science, these seeming irregularities may
be reconciled to some general law, which has hitherto
eluded our observations. This is the more probable, as
our geognostic acquaintance with the structure of the

earth is as yet confined to a comparatively small pro-
portion of the whole surface,
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inaccessible ; and tabular masses of nearly
perpendicular strata stand several feet
erect above the surface. From this pecu-
larity, soil sufficient for the growth of the
most luxuriant vegetation is retained on
the steepest acclivities.

Oak being in this latitude the inhabit-
ant of loftier altitudes than are formed
by this rock, the forests that prevail on
it are chiefly composed of pines of the
largest growth.

The tract of district composed of horn-
blende-slate, although of considerable ex-
tent, 1s almost totally deserted; and the
few villages that are found on 1it, are
miserably poor, and, in general, uninhabit-
able for several months during the year ;
as well from the miasmata and heat that
prevail in 1its dense forests, and deep
valleys, as from the rapacity of the wild
beasts by which these are infested : as
the tiger, leopard, and the bear.

Hornblende-slate having been found
in so many different positions, with re-
spect to other rocks, a minute description
of 1t, as 1t occurs 1n Kemaon, resting on

I
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gneiss, may be useful in assisting to form
its separation into species, depending on
the rocks with which it is associated in
nature.

Its colours are seladon, pistachio, and
olive-green.

It occurs massive, and contains cotem-
poraneous lamine of quartz, in thin
alternate layers, and flattish grains, from
small, to very small ; and even finely dis-
seminated. External lustre, dull, inclin-
g to resinous. [Fracture foliated, and
slaty, with a single cleavage. Lustre of
the principal fracture glistening, or shin-
ing, and of the cross fracture, glimmering.
Shape of the fragments, tabular. Distinct
concretions, lamellar. It affords a green-
ish grey streak. It is opaque. It is semi-
hard. It is somewhat sectile. It affords
an earthy smell when breathed on, and feels
rather meagre. Specific gravity, 2:920.

Chemical characters. It is not fusible
before the blow-pipe ; probably from its
intermixture with common clay, a large
proportion of mica, and other impurities,
as its lightness indicates.
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Variat. a.-——-Coarse Granular.

Its colours are greenish grey, seladon,
and pistachio green; with a pearly and
glimmering lustre. Fracture, coarse gra-
nular; but somewhat inclining to slaty.
Lustre of the fracture, resinous and slight-
ly shining. Distinct concretions are
lenticular, inclining on the one hand to
lamellar, and on the other, to granular.
Specific gravity, 2:708.

It appears to contain felspar, as well
as quartz, and may be considered as the
transition between hornblende-slate and
omneilss.

Variat. b.

Colour, dark greenish grey. Fracture,
slaty in the large, but compact, even,
and inclining to earthy in the small.
Lustre, glimmering. It is opaque. It is
similar in the streak. It is semi-hard,
inclining to soft, and affords a strong
bituminous smell when breathed on.
Specific gravity, 2-728.

This rock 1s a transition between horn-
blende-slate and clay-slate; and appears

to be composed of minute grains of quartz,
2
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imbedded in a basis of clay and horn-
blende.

The foreign beds, which are contained
in hornblende-slate, are gypsum, mica-
ceous iron glance, common iron glance,
chlorit-slate, and primitive green-stone.

The first 1s common to this rock, and
mica-slate, and will be mnoticed in the
next chapter; and the description of the
iron ores may be consulted in the account
of the mines.

The chlorit-slate and porphyritic green-
stone appear to be peculiar to this forma-
tion.

(B) CHLORIT-SLATE.

Its colours are emerald and grass green.
It occurs massive. Internal lustre, pearly.

Fracture scaly foliated. Distinet con-
cretions, thin lamellar. Lustre of the
distinct concretions, shining. It is opaque,
and 1t affords a light-coloured streak.

It is soft, and perfectly sectile. It is
meagre to the feel. Specific gravity, 3.

It occurs 1n large quantity in the lower
strata of hornblende-slate, and 1is found
at Chimtouly, in the vicinity of the iron
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mines. It also occurs at the southern
foot of Choura Pany, near Belket, where
its scaly lamine alternate with thin
laminee of quartz. It 1s the substance
that gives the slaty structure to horn-
blende-slate.
(C) PORPHYRITIC GREEN-STONE.

This rock 1s found at the southern foot
of the principal mountain chain, where
it forms at Belket, a portion of the bed
of the river Ludhoo. I have mnot been
able fully to ascertain its extent and
geognostic relations; and as this 1s a
point of first-rate 1mportance, it would
be improper to hazard an opinion upon it.

It will be seen on inspection of the
map, as well as from what 1s said in
the description of Belket, that if the por-
phyritic green-stone passes under the
elevated mass of strata composing the
southern declivity of Choura Pany, that
then those philosophers, who contend that
the strata of mountains have been elevated
to their present position, by the expan-
sive operation of heat, confined in the
centre of the earth, would find in the
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peculiar position of this green-stone, a
strong argument in favour of their doc-
trine ; but if, on the other hand, it should
appear on further inquiry, that this for-
mation, like the others we have described,
presents the character of a deposite from
above ; then, of course, the first arcument
would come to mnothing. This rock is
composed apparently of equal parts of
hornblende and felspar, in minute crys-
tals, mechanically mixed, so as at first
sight to look somewhat like a fine granite.
It 1s not stratified, but divided in all
directions by adventitious rifts, which
give it a brecciated structure in large
masses. The fragmented pieces are usually
trapezoidal. It is hard, and not parti-
cularly heavy.



CHAPTER 1V.

PRIMITIVE FORMATIONS — MICA-SLATE,
CLAY-SLATE, PRIMITIVE LIMESTONE.

NATURE AND GEOGNOSTIC POSITION OF MICA.SLATE—
OLDEST GYPSUM, ITS DESCRIPTION—CLAY-SLATE—
NATURE OF THIS FORMATION AND PECULIARITY OF
THE PRINCIPAL MOUNTAIN CHAIN IN REGARD TO IT
—MOUNTAINS OF CLAY-SLATE CONTRASTED WITH
THOSE OF HORNBLENDE-SLATE, AND AN ATFTEMPT TO
EXPLAIN THE CAUSE OF DIFFERENCE BETWEEN
THEM—PROVIDENTIAL ASSOCIATION OF CLAY-SLATE
WITH LIMESTONE, MORE ESPECIALLY IN ALPINE
COUNTRIES—VARIETIES OF CLAY-SLATE, WITH THEIR
DESCRIPTIONS AND DISTINCTIONS—DISTINCTION BE.
TWEEN THE FINE CURVED CLAY-SLATE AND TRAN-
SITION SLATE—QUARTZ, AND THE SINGULAR SEPTA-
RIUM OCCURRING WITH IT—DESCRIPTION OF DRAW.
ING SLATE—PRIMITIVE LIMESTONE—DESCRIPTION OF
ITS VARIETIES—SPLINTERY HORNSTONE.

4.—MICA-SLATE.

THis rock oceurs in small quantity in
proportion to either of those formations
described in the last chapter. It is found
at Durgura, alternating with gypsum,
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and a micaceous kind of clay-slate, which,
but for the absence of quartz, mght also
be named mica-slate, for it 1s a scaly
compound of primitive clay and mica.
From its nature, however, as well as from
the geognostic situation in which it is
found, 1t may be considered to be a tran-
sition between mica-slate and clay-slate.

Mica-slate also occurs associated with
similar rocks at Choura Pany, and in
various parts of the district, always occu-
pying the same geognostic place. [t
generally rests on hornblende-slate ; but
in the higher altitudes, where that rock is
wanting, it rests on gneiss. It i1s compos-
ed of small grains of quartz, some felspar,
and a considerable proportion of grey or
white silvery mica. Mean direction of
the strata W. N. W.; mean dip, 50°.

(A) OLDEST GYPSUM.

Gypsum 1s found, as has been stated,
alternating with mica-slate, at Durgura,
and on the southern declivity of Choura
Pany, in beds of from fifty to three
hundred feet thick. The strata are sub-
divided by numerous slaty rifts, which
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run parallel to the strata seams, and divide
the rock into tables that vary from two
to six inches thick. It also occurs at
Chimtouly, m beds, 1n hornblende-slate.

Its colour 1n some beds is reddish white,
and in others, greenish-white. Lustre
ghimmering ; but sometimes glistening,
especially in the principal fracture, while
that of the cross fracture is pearly. Frac-
ture, slaty in the large; large fragments
are consequently tabular, but small pieces
are wedge-shaped. Distinct concretions,
straight lamellar. 1t 1s faintly translucent
on the edges. It is semi-hard. It is rather
easily frangible.

Specific gravity of the reddish coloured
variety, from Durgura, 2:612, and of the
greenish white kind, from the same place,
2:574 and 2°669; while a variety of the
same from beds in hornblende-slate at
Chimtouly, 15, 2-3.

Chemical characters. It 1s 1infusible
before the greatest heat of the blow-pipe,
either when placed on charcoal or held
in the forceps. Even with the addition
of borax, and the flame directed to the

K
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edges of the lanmnee, it evinced little
signs of fusibility ; nor is it soluble in
any proportion of water.

These experiments were not made on
the specimen from Chimtouly, which
appears to be a purer gypsum than the
others, from its more compact and sparry
eharacter, as well as from its containing
less mica.

5 —CLAY-SLATE.

This great formation composes, at least,
a sixth part of the whole province, and
18 stretched i conformable strata over
the mica-slate and trap rocks described
under the head of hornblende-slate. It
commences on the N. E. acclivity of the
principal mountain chain* under the

* This formation is quite deficient on the south-
western acclivity of the principal mountain chain, as
far as I have been able to observe, or learn from the
observations of others. Should this deficiency prove
to be general, the fact will be very interesting, as the
succession of primitive rocks will in that case be un-
equal on the two sides ; a cireumstance which, however
common in regard to single mountains, can only be
aecounted for in the case of high and principal moun-
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out-going of the substratum, at the eleva-
tion of about 7,000 feet, and from thence
stretches into the lower districts forming
mountain groups, 1n conjunction with
newer rocks, through which it often
pierces, forming peaks and ridges seven
and eight thousand feet high.

These elevated and massive groups, whose
bases are surrounded with mantle-shaped
strata of limestoue, traverse, obliquely,
the centre of the Alpine land, situated
between Choura Pany and the snowy
range. 'The mountains often appear iso-
lated from each other, or only to join by
slender mountain-arms; and thus they
form mnumerous small elevated wvalleys,
which present the most striking contrast
to the imhospitable aspect of those tracts
of country which are composed of horn-
blende-slate. The cause of this difference
of character, so remarkable between the

tain chains, by supposing the strata composing them to
have been disturbed and uplifted subsequent to their
original deposite—a doctrine long since rendered plau-
sible by M. de Saussure and others,

K 2
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districts composed of these formations,
may be easily explained.
Hornblende-glate, 1f left undisturbed, 1s
one of the most indestructible of all rocks
by mere atmospheric causes*; we, accord-
ingly, find the mountains composed of it
in the same state in which they were
originally formed by nature, as 1s 1ndi-
cated by their rugged acclivities, and the
absence of debris at their bases. Clay-
slate, on the contrary, is soft and friable,
or its hardness depends on ferruginous
ingredients, which are decomposed by
the heat and moisture of the atmosphere :
these causes keep up a constant process
of decay; in consequence of which, the
valleys, 1f not gradually filled wup, are
at least prevented from sinking deeper ;
while the mountains, freed from original
asperities, look worn and rounded in
their outlines, and their surface in time
becomes converted 1nto alluvial soil, which
either remains in situ, or 1s carried down

* This I suspect is contrary to the general impres-
sion, probably derived from observing the rock in the
vicinity of torrents, soads, quarries, &e.
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to fertilize the valleys situated at their
base ; and here an interesting observation
presents itself.

Ferruginous clay would form a barren
and unproductive soil, unfit to supply
the wants of man: so we find by the
direction of a bounteous Providence, that
this clay, n its progress from the moun-
tain acclivities to the valleys, 1s carried
by the torrents over beds of limestone
and marl; and by the calcareous admix-
ture thus acquired, the ferruginous oxides
are decomposed, and a soil 1s afforded,
which 1s capable of yielding with little
labour, no less than three crops of grain
annually*.

This extraordinary fertility is only
observed in the floetz districts, in which
the admixture of slate and limestone is
so adjusted on the mountain acclivities,
as to render the small proportion of
arable land that occurs in such places,

*® ¢ Are any of the salts of iron present 7 They may
be decomposed by lime.”—What the philosopher recom-
mended to be done by art, is here spontaneously per-

formed in the great laboratory of nature before our
eyes.— Vide Sir H. Davy’s Agricult. Chem. p. 5.
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capable of supporting a population that
could not exist, but for the beneficent
law of nature, which thus increases the
fertility of one portion of a district, 1n
proportion to the sterility of another.

The four varieties of clay-slate that
have been noticed in FEurope, may be
detected here.

1. Variat. Bluish grey; with a faint
tinge of greenish yellow, and a slight
glimmering lustre. Specific gravity, 2-3.

This 1s a common rock, and 1s the
oldest member of the series, if we may
judge from its geognostic situation. It
1s very distinctly stratified ; but the strata
are intersected at irregular distances by
seams, which pass at right angles to the
seams of stratification, giving the whole
somewhat of a columnar structure.

2. Vanat. Old blue-slate. The colour
of this rock 1s bluish black, rendered
reddish grey on the edges by long expo-
sure. It has generally a fine slaty struc-
ture, but it is sometimes also compact.
It 1s this variety that forms, occasionally,
the lofty altitudes in floetz districts al-
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ready alluded to. It forms the basis of
Takill, the highest mountain in Kemaon
that I have had an opportunity of exa-
mining ; and which, according to measure-
ments taken by order of Government,
proved to be 8221 feet.

The acclivities of this mountain are
covered by the different formations of
limestone, from under which the slate is
rarely seen protruding, except on the
highest summits. Specific gravity of a
specimen from the cap of Takill, 2:643.

3. Variat. This is scarcely entitled to
a separate consideration from the first,
as 1t 1s only distinguished from it by
the total absence of particles of mica, and
by the distinct concretions in this inclin-
ing somewhat to a granular shape; while
in the first they are lamellar, and the
two kinds pass into each other, the pre-
sent variety always maintaining a super-
incumbent position with regard to the
first, of which it may be considered as
merely the newest extreme*.

* It might be more correct to deseribe this as the
second variety, as it seems to be an older rock than
the old blue slate,
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4. Variat. This is distinguished by its
crystalline and curved slaty laminge, and
is a very important variety, from its la-
bility to be confounded with transition
slate. 1t has a more earthy lustre than
transition slate, which is pearly, and it is
generally stained on its external surface
with red oxide of iron, an appearance
rarely observed on transition slate. It
is also occasionally mixed with mica, and,
indeed, passes into mica-slate. It some-
times occurs of a bluish black colour,
while the transition slate that is likely
to be confounded with this variety of
primitive clay-slate, is always light grey ;
and, lastly, primitive slate i1s somewhat
lighter: the specimens of this that I
examined, differed from 2:567, to 24,
while several specimens of transition slate
were each found to exceed 2°6.

This rock forms sharp elevated ridges,
with conical peaks; and it occurs chiefly
in high primitive districts, unaccompanied
by limestone.

Clay-slate contains some unimportant
beds of gypsum. It contains likewise



CLAY-SLATE. 73

beds of graphite, and is the only reposi-
tory of massive quartz.
(A) QUARTZ.

In the district laid down in the map,
quartz 1s found 1n cotemporaneous veins
in clay-slate : these are generally small,
seldom exceeding twelve inches in diame-
ter ; and do not usually run more than
ten or twenty yards in length: but they
are often much smaller than this, branch-
ing off 1in different directions, and termi-
nating in wedge-shaped points.

Beds of quartz are also frequent: they
sometimes measure eight or ten feet in
diameter, and run for miles 1n the
direction of the strata; several of them
usually occurring in the same vicinity.
They terminate by the approximation of
their walls below, and wedge themselves
out at their extremities like cotempora-
neous veins. Quartz also oceurs in over-
lying masses, along the lofty ridges and
peaks of clay-slate; where its presence
might be accounted for, by supposing it
to have been yielded from former beds
in the slate, which being more subject

L
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to decay than the quartz, gave up its
contents to the surface, by a similar
process to that which has been observed
to produce the masses of granite in gneiss
districts. It occurs, however, in this situa-
tion along with a peculiar septarium,
which 1s of a sufficiently curious nature
to raise doubts in the minds of some, 1
should think, as to the origin of this
deposite of quartz. The subject shall be
again reverted to, when treating of the
septaritum here alluded to. Quartz is
also found in the same situation, in the
form of small and minute hexagonal
prisms, or suppositious crystals. The colour
of the quartz 1s white.
(B) DRAWING SLATE.

This rock occurs in beds which are
situated between clay-slate, and transi-
tion and floetz limestone: and often con-
tains copper pyrites. It has frequently
a brecciated structure, the fragments of
which are cemented with calcspar.

Its colour 1s iron black. It occurs
massive. Surface smooth. Lustre resinous,
and sometumes glistening. Fracture diverg-
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ing fibrous, inclining to scaly foliated.
Fragments cunieform. Distinct concre-
tions, very thin, lamellar. It is opaque.
It affords a lead-grey streak. It soils
shghtly, and writes. It is soft, meagre to
the feel, and sometimes affords a strong
bituminous smell when breathed on.
Specific gravity, 2787 and 2°78.
Chemical characters. It is infusible.

6.—PRIMITIVE LIMESTONE.

Primitive limestone composes the north-
ern acclivity of Takill; and from thence
it extends in a north-westerly direction,
probably for many miles. I have myself
traced it twenty or thirty.

It occasionally gives way to the newer
limestones, and again appears constituting
the peculiar feature of some rugged pre-
cipice. 1 have never observed it to
form a mountain summit, or to occur in
any altitude above five or six thousand
feet at the utmost.

In a small river valley, which partly
separates Takill from the Oudepore
group, this rock forms the most frightful

L 2



76 PRIMITIVE LIMESTONE.

precipices on both sides that can well
be imagined. These precipices compose
broken, and seemingly tottering moun-
tain acchvities, that ascend in places for
three or four thousand feet, at wvarious
angles between 45° and 75°; and as the
only road between Lohooghat and Peto-
ragur lies along the verge of these pre-
cipices for several miles, it is impossible
that the most i1ndifferent traveller could
pass, insensible either to the danger of his
situation, or the beauties of the scene.
This limestone is distinguished in the
large scale, by its thick slaty appearance,
owing apparently to occasional laminee
of argillaceous matter which pass an
uncertain length through each stratum,
parallel to the strata seams. The strata
are mantle-shaped, rather than conform-
able; or they may be said to partake of
the nature of both. - This variety of the
rock is of a bluish grey colour, with a
dull lustre.

On the mountain acclivity composing
the southern boundary of Goron valley,
there 1s also a bed of primitive limestone,
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distinguished from the former i being
conformable, and in the colour being
snow-white, reddish-white, and peach-
blossom red, without lustre.

The fracture of the first variety 1s com-
pact, and coarse splintery; of the second,
large conchoidal, inclining to foliated.
Distinct concretions, very fine granular;
but they are coarser, in the second, than
in the first variety, and the former is
slightly translucent on the edges; the
latter nearly opaque. They are semi-hard.
The second variety is brittle; the first
not particularly so. Neither, i1s very
difficultly frangible ; but the second variety
1s the most fragile. When the second
variety 1s moved loosely in the hand, it
affords a shghtly grating sound. Specific
gravity of the bluish grey variety, 2:6477 ;
of the snow-white, 2:6 ; and of the peach-
blossom red, 2°7.

Chemical characters. They dissolve
rapidly, and with effervescence, in muria-
tic acid.

The snow-white strata are lowest in
the bed, and lie directly on the old blue
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slate.  The peach-blossom kind next
occurs. It is probable from its external
characters, as well as from its stratifica-
tion, that the bluish grey variety is the
newest ; but the total absence ofany detri-
tus or organic remains in it; and parti-
cularly 1its giving support to a deposite
of transition limestone, are sufficient rea-
sons for placing it in the primitive class
of rocks.

The snow-white and peach-blossom
varieties contain subordinate beds of the
following rock.

(D) SPLINTERY HORNSTONE.

There are three varieties of hornstone
i the Shore district, each of which appears
to be peculiar to the class of rocks with
which 1t 1s associated i1n nature. The
first variety is that which occurs in pri-
mitive limestone, and 1ts description natu-
rally belongs to this place.

It occurs massive, either long and
cylindrical, or flat, approaching to the
character of strata.

Colours, faint greenish, yellowish, or
bluish white. Surface smooth. External
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lustre dull. Fracture compact, splintery,
and large conchoidal, inclining to con-
cealed foliated, with a double cleavage.
Cross fracture, small conchoidal, and un-
even. Fragments, irregular, indetermi-
nately angular and sharp-edged. Lustre,
pearly, or in places glistening from minute
particles of calespar.

It is semi-transparent in thin frag-
ments. It is semi-hard, approaching to
hard. It 1s not very difficultly frangible.
Specific gravity, 2:810.

Chemical characters. It 1s infusible
before the blow-pipe.

It 15 found along with the primitive
limestone of Goron valley. I have also
found 1t in amorphous masses, 1n floetz
limestone ; at the north-western extre-
mity of the Oudepore mountains, near
Petoragur.
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AND NATURE—FURTHER DESCRIPTION AND REMARKS
—TRANSITION SLATE.

THE rocks belonging to this class are
distinguished from primitive rocks by
their position; by greater irregularities
in regard to stratification; and by con-
taining obscure traces of organised beings,
as well as by certain characters presented
by the structure of the rocks themselves.

In Shore valley, we find a black, fine
grained limestone, resting in unconform-
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able strata, on clay-slate. These masses
are sometimes overlying, and of various
external shapes; as long, round, flat,
cavernous, and entangled. The flat ap-
proach to tabular shapes, and are piled
upon each other, so that in places they
form ridges, which rise to the height of
two or three hundred feet above the val-
ley, when they end in tabular summits.
The highest tables which compose these
summits are quite horizontal : while the
lower ones approximate more to the
dip of the clay-slate, on which they rest.
1t 1s difficult, when viewing these appear-
ances, to resist the belief that this lime-
stone belongs to a newer period in the
history of the world, than the clay-
slate ; for in the primitive rocks, we have
seen one series succeed another, in re-
gular and unbroken order, without any
marks of violence or confusion from local
causes,

In another part of the district, an
impure, fine-grained limestone, is found
mechanically mixed with newest clay-

M
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slate, in thin, slaty lamillee*. Insucceed-
ing strata, the quantity of calcareous
matter increases, until the argillaceous
ingredient disappears, and the limestone
either assumes the usual character of the
transition rock, or it approaches that of
an 1mpure magnesian limestone. The
impurities of the magnesian limestone
are of two Kkinds: one distinguished by
containing minute grains of quartz or
silex, and the other, by containing argil-
laceous clay. The first, when fresh, pre-
sents some of the characters of the soap-
stone family ; but when weathered, it
looks like a fine siliceous sandstone:
while the second has a dirty scaly tex-
ture, internally, somewhat like clay-slate ;
but carelessly examined, 1t would be mis-
taken for granular limestone.

These three rocks rest on the third
variety of clay-slate, and they appeared
to me to occupy 11ear1y the same geognos-
tic situation; but I am unable accurately

* Tt presents the same external characters as the

“ flint-slate” in the German collection of minerals in
the Asiatic Society’s museum.
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to describe their relative situation to each
other, further than that the limestone
seemed to be the substratum, and that
above 1it, beds of curved pearly slate
occurred, of greater or lesser thickness,
from five hundred, or more, to only a few
teet. The superincumbent strata of this
slate soon begin to display occasional
laminee of magnesian limestone. This
appearance becomes more extensive in
each succeeding stratum, until the slaty
laminee disappear from the magnesian rock,
which either changes again into slate by
a similar gradation, or constitutes of itself
the supermcumbent structure of moun-
tains.

From these observations 1t appears
evident, that a change has here taken
place, from the primitive to the transi-
tion rocks of Werner; in support of
which, the following reasons are pre-
sented to our notice :

1st. The clay-slate on which the low-
est bed of limestone reposes is, indubit-
ably, a primitive slate.

2nd. The limestone bears the charac-

M 2
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ters of a transition, rather than of a
primitive rock.

3rd. The magnesian limestone, and
the slate that lies over the common lime-
stone, contain traces of organised fossils,
which are referrible to the earliest tran-
sition period.

4th. Mountains of crystalline, fine-
eurved, and pearly slate, containing cotem-~
poraneous veins of quartz, rest on the mag-
nesian limestone, in conformable strata;
and as 1t 1s clear that this slate cannot
be a floetz rock, it follows, as a natural
consequence, that the substratum cannot
be considered as belonging to that class.

Thus it appears, that transition rocks
are clearly indicated in the mountains
of Kemaon ; that grey wacke, and grey
wacke-slate are both absent, and that
their place 1s supplied by a rock com-
posed of a mixture of magnesian lime-
stone and argillaceous clay : and lastly,
that however adverse to our former
notions, we shall be obliged to admit
magnesian limestone into the class of
transition rocks,
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Without attempting to speculate on
this subject, I shall proceed at once to the
description of the rocks themselves, as
the only way in which information either
useful or satisfactory can possibly be
afforded on a subject of this nature.

1.—OLDEST TRANSITION LIMESTONE.

This 1s the oldest member of the tran-
sition class, and in every country, that
has been hitherto examined, 1t marks
the commencement of secondary strata.

It 1s found on the western acchivity
of a lofty mountain mnear Lohooghat,
which 1s called the Soece, (which signifies
needle, ) where 1t runs for a short distance
in a line with the Petoragur road, at an
elevation of about six thousand feet. The
bed of rock then crosses the road, and
descends 1nto deep valleys: in these I
have traced 1t extending in a north-
westerly direction, as far as Ryegong. It
1s scarcely stratified, but rather disposed
in an unconnected succession of tabular
masses, which extend in the direction of
the general strata, forming a bed that
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varies in breadth, from ten to- fifty feet,
and upwards. The /lying side of the bed
1s formed by either the third or the
fourth variety of primitive slate ; while
the hanging* side i1s formed of a mixture
of slate and limestone, either magnesian
or common: but neither side i1s at all
well defined. The course of the bed 1s
marked by occasional small caves, or
rather holes and interstices, as well as by
overlying tables, and rounded masses of
limestone, the surface of which 1s often
converted Into a brown dusty matter,
and i1s divided by cellular reticulations
of fine veins of calecspar~—an appearance
which 1s here peculiar to this rock. The
following are its characters:

Colour, Berlin blue. Lustre ghsten-
ing. Fracture compact, large conchoidal.
Distinct concretions, fine, or very fine

* These terms have been long ago introduced from
the technical language of miners; they are very
expressive, especially to those who are practically
acquainted withethe appearance of Dbeds and veins.
The lying side means the inclined floor, on which the
contents of the bed reposes, while the hanging side is
the roof or lower surface of superincumbent rock.
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granular; the fine granular concretions
are somewhat angular, and have a dull
dark-blue colour: while they are sur-
rounded on the fractured surface by
minute splinters, which appear to the
naked eye like very fine white specks.

It is opaque. It is semi-hard.

It is entirely dissolved with brisk effer-
vescence 1n acids.

2 —-ALUMINOUS SLATE AND LIMESTONE.

This rock next occurs in the succession
of the transition series, and is formed of
alternate layers of limestone and slate.
The limestone ingredient is generally
magnesian, but sometimes common ;
especially 1n the vicinity of the last
described rock. The slaty portion has
mostly a bituminous appearance, but it is
little altered by exposure to the blow-
pipe. The thickness of the layers which
constitute the mass, varies from a line to
seven or eight; and the different layers
wedge each other out, by a curved slaty
sort of structure. The argillaceous part
comprises usually two-thirds of the mass,
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and the colour of this portion 1s some-
times bluish black; at others, blackish
green, with a resinous lustre.

The limestone layers are grey, seldom
without a tinge of green ; and in all cases,
present a very fine granulﬂ_r structure :
are semi-hard, afford a coarse splintery
fracture, with wedge-shaped fragments,
and are quite opaque.

The greenish variety of this rock crosses
the bed of the Ponar river, in a very
low situation, about a mile due north
from Ryegong. It here contains fossil
appearances, consisting of rings grouped
two or three together, and placed each
in the corresponding axis of the other,
so as to convey the impression, that they
belong to some extinct form of organiza-
tion; although on breaking the rock, there
1s no appearance of 1ts containing an
extraneous substance.

The same bed makes its appearance
at an altitude of fifteen hundred, or two
thousand feet higher than the previous
locality. This new situation is on the
road between Ryegong and the Soee,
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and a few miles east of the willage of
Boida, where it forms a steep declivity,
giving support to magnesian limestone
and transition slate, and 1s not distin-
guished by the appearance of the extrane-
ous fossil above alluded to. In both
situations the rock 1s conformable; and
it appears by its ‘colour and weight to
contain probably both chlorite, and horn-
blende, which minerals constitute whole
mountains in the form of hornblende-
slate in this vicinity, and give a tinge
of green to the older transition deposites
that repose upon them.

This rock 1s also found in mantle-
shaped strata, resting on hornblende-slate,
at the south-western extremity of Takill,
where it constitutes the corresponding
declivity of the Ramessa valley. Here
the argillaceous portion of the rock cor-
responds with the colour and nature of
the old blue clay-slate, which constitutes
the principal structure of that mountain,
and which we may infer was the original
repository that afforded the material of
the slaty portion of this rock. A third

N
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variety occurs at the Sooee, where the
limestone portion is combined in a mecha-
nical alternation of layers, with ordinary
transition slate.

Specific gravity of the greenish colour-
ed variety, 2:75, and of the bluish kind
from Takill, 2:647.

3.—~COARSE MAGNESIAN LIMESTONE.

This rock may occasionally be found
alternating with, and passing into the
foregoing; but it occurs chiefly in a
newer or incumbent position, and such
is the case at the Sooee. From thence
it has been traced into the Ponar valley,
preserving the same geognostic position.
In the latter situation, rolled masses are
found of great size in the bed of the
Ponar river ;: and on the surface of these
the same singular traces of organic fossils,
already observed in the former rock,
are delineated ; but the figure is in this
better developed, the rings constituting
each figure are more numerous, and con-
form to an awl-shaped outline. They
are uniform in size, and quite independ-
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ent of any peculiarity of structure, or
colour of the rock, for they occur in all
varieties of it, and may, although only
superficial, be considered the vestige of
some organised substance. See plate 1.
Fig. 11.

~ The following are the characters of the
rock. Colours dark bluish grey, pearl
grey, and reddish white. Lustre dull or
inclining to resinous, and of some to
pearly, rarely glimmering.

Fracture compact, even, inclining to
earthy in the blue, but to coarse splin-
tery, passing into large conchoidal in the
pearl grey variety.

Distinct concretions, small or fine
granular ; lustre of the distinct concre-
tions in the blue kind, resinous. Pearl
grey kind, is translucent on the edges ; the
blue 1s perfectly opaque.

It i1s semi-hard, and rather difficultly
frangible; specific gravity of the dark
coloured variety, 265, and of the pearl
grey, 2'687.

Chemical characters : dissolve very slow-

ly, and with very feeble effervescence in
N 2
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nitric acid, leaving about 40 per cent.
of insoluble matter. With the addition
of twice or thrice its weight of borax,
it becomes, after continued exposure to
the blow-pipe, imperfectly converted into
a white enamel on the edges.

This rock passes into the following
variety, which rests upon it in conform-
able strata.

It agrees in most of its characters,
with the magnesian limestones of England,
and may assist in determining the geog-
nostic rank of those rocks, should the
point be still uncertain.

(A) COMMON DOLOMITE; OR STEATITIC
SANDSTONE.

The artificial arrangement of this spe-
cies 1s one of those difficulties, which
even M. Neergaard acknowledged must
occasionally be expected by the best
practical mineralogist; and a new name
(says he) given to a substance, often
induces people to believe that the sub-
stance 1s new.,
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Although I have distinguished this
rock by the name of steatitic sandstone,
I have done so, chiefly to express the
uncertainty of my own opinion, as to
its true nature: I however, strongly sus-
pect, that it will be found to be a magne-
sian limestone, differing from most of the
species with which we are acquainted.
In the mean time, I feel assured, that an
accurate description will answer the pur-
poses of science, better than any specu-
lations I can offer on the subject.

Its colours are greenish, bluish, and
yellowish grey ; often tarnished with red-
dish brown delineations on the surface.
It rarely occurs cream yellow.

External lustre, dull; but internally
it 1s vitreous. [Fracture rather coarse
splintery, in the small; but slaty, or
concealed foliated, in the great. The
splinters become white and mealy, on
exposure to the air for a few months ;
and on longer exposure, the whole sur-
face assumes an earthy aspect, presenting
for a time, occasional blue spots, of irre-
gular shape and earthy lustre.
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The small fragments are indetermi-
nately angular, or inclined to wedge-
shaped, with sharp edges.

Distinct concretions are very fine gra-
nular, and scarcely perceptible in fresh
specimens.

It 1s translucent on the edges. It
scratches glass, and i1s with difficulty
scratched with the knife. It is rather
brittle. It feels meagre. Specific gravity,
26134 to 2:7725.

Chemical characters. It 1s very par-
tially soluble in nitric acid, and even
when previously reduced to impalpable
powder, 70 per cent. at least remains
insoluble.  After exposure for several
minutes to the blue flame of the blow-
pipe, it loses a portion of its colour and
weight, and becomes easily frangible; and
by the addition of borax, its edges, with
much difficulty, are converted into a
white enamel*.

* From these characters it would seem, that this
rock contains a large proportion of very minute quart-
zose graing, imbedded in a magnesian basis.
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(E) WEATHERED STEATITIC SANDSTONE.

Weathered specimens of the above-
described rock are so different from it,
in their external characters, that they
would not be recognised as belonging to
the same species, were they not seen in
sit, presenting all their different stages
of mutation, between the fresh and the
disintegrated rock.

It may not here be improper to refer
to Dr. Berger’s remarks on the identity
of soap-stone and serpentine, which he
believed to be of common origin; in
proof of which he adduced the analysis
of serpentine by Kirwan, and of soap
rock (seifenstein) by Klaproth, and then
observed : ‘“ We see that with the excep-
tion of silica and water, which are most
abundant 1n soap-rock, there is in the
last substance a diminution of about
003 or 0004 of all the other compo-
nent parts of serpentine, as 1f they had
been destroyed 1in consequence of the
disintegration of the rock, and carried
off by the waters.”
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The principle which these observations
of Dr. Berger render so probable, is
exemplified 1n this instance by the trans-
formation of the foregoing into the pre-
sent rock; apparently by the removal
of the talcose parts by weathering.

Its colour 1s grey, with a tinge of
oreen, more or less faded, according to
the freshness of the specimens; and it
contains numerous curved and ring-
shaped stripes of reddish brown and
ochre yellow, chiefly the latter*.

External surface, rather corroded and
granulated. Lustre, dull. Fracture, ear-
thy.

Distinet concretions, very fine granu-
lar. It 1s semi-hard, inclining to soft.
It 1s very easily frangible. It is perfect-
ly opaque. Specific gravity ; 2:607, after
emersion, 2:674.

* Derived from the oxidizement of common clay-
iron stone, which mineral is very generally distributed
through the rifts and seams of both varieties of the
rock, and occasionally contains impressions of zoophites,
one of which I found on the highest point of the
Sooee.
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Chemical characters. It is insoluble
in acids, and before the blow-pipe, affords
with borax, a milk-white enamel.

These two varieties, so different in their
characters, may be esteemed as having
been originally but one substance. The
first variety rests on, and passes into the
coarse magnesian limestone; but some-
times a bed of transition slate intervenes.
It'cump{}ses the loftiest altitudes of the
Sooee, where it assumes, occasionally, the
character of a fine siliceous sandstone.
From this situation it extends into the
low district of the Ponar valley, form-
ing in 1its course, bold, rugged, and often
inaccessible mountains, which are dis-
tinguished by their sharp ridges and
narrow deep valleys. It crosses the
Ponar valley, and continues the same
direction, probably without interruption,
to Almorah, where 1t rests on a low
ridge of slate, probably transition slate.
Here 1t answers the purposes of archi-
tecture, and 1s, we may suppose, from this
circumstance, less disposed to decay than
the specimens subjected to examination.

0
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This rock 1s intimately connected with
compact dolomite on the one hand, and
magnesian oolite on the other; both of
which occur to an important extent in
Kemaon, as will be seen in the next
chapter.

4—TRANSITION SLATE.

This rock may be said to consist of
two varieties, distinguished rather by
their position, than by any peculiarity
of character.

The first is that which rests immedi-
ately on the bed of oldest transition
limestone, and the second 1s that which
rests on the common dolomite or steati-
tic sandstone.

The lowest strata are dark and earthy,
and emit a strong bituminous smell—pro-
perties which diminish in the newer
strata, which assume a clear pearly
lustre, with, or without a fine curved
structure. These characters however, dis-
appear 1n low valleys, where the rock 1s
more exposed to moisture : in these situa-
tions too, it is important to observe, that
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it 1s always more or less impregnated
with detritus from surrounding substances.
Thus, for instance, when the valley in
which 1t 1s situated 1s subordinate to
mountains of hornblende-slate, the tran-
sition slate 1s found to present a greenish
tinge ; m other cases, it contains calcare-
ous matter. Nor are these the effect of
alluvial changes alone, but appear, espe-
cially in the former case, to be inherent
in the constitution of the rock.

The oldest stratum, or that which lies
in contact with the first bed of limestone,
1s found broken, crushed, and indented,
as 1f it were by the mechanical pressure
of the superincumbent strata, indicating
that these were deposited ; while the former
was 1n a state of emolescence, and the
limestone hard and unyielding*.

Transition slate contains few contem-
poraneous veins of quartz, and when these

* As limestone hardens not by the evaporation of
its moisture, but by the absorption of carbonic acid,
we ean have no difficulty in conceiving how it may
have become very quickly hard and unyielding in a
situation where earbon still abounds.

"5
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do occur, their walls are bituminous,
loose, and friable; while in clay slate,
they are compact and mtimately united

to their contents.

Transition slate forms the mountain on
which the village of Barakote 1s erected ;
and at the southern extremity of that
mountain, the slate is seen resting on
the common dolomite*.

* T have 